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platers’ Society, April 24, 1915, President
F. A. Lidbury in the Chair. '

CLEANING AND PLATING IN THE SAME SOLUTION.

By Oriver P, Warrs.

For a number of years past the electric current has been exten-
sively used for removing grease and dirt from metals after
polishing, and as a preliminary to electro-plating. From this
use of the electric current for the successive operations of clean-
ing and plating metals, it was but a short step, in thought at
least, to combine the two operations, and perform the cleaning
and plating simultaneously in a single solution. Since its in-
ception seven or eight years ago, this process has been steadily
- increasing in favor among platers, until today it is very widely

practiced. Although the combined cleaning and plating solution
is sometimes employed to produce the final deposit, its most
frequent use is for giving to iron and steel a preliminary coat-
ing of copper before nickeling. ,

For this latter purpose it possesses great advantages over the
- use of two separate solutions. Not only is there a saving of the
time and labor required to transfer the articles from one solu-
tion to the other, but any failure to remove the grease is detected
while the object is still in the cleaning solution, by the failure of
the copper to completely cover the iron.

Since the copper deposit needed for this purpose is very thin,
the low current efficiency of the combined cleaning and plating
solution is no drawback to its use. When, however, a heavy
deposit of metal is desired, it is a different matter. Effective
action by an electric cleaner requires an extremely rapid evolu-
tion of gas on the object which is being cleaned. But a plating
solution in which much gas is evolved at the cathode has of
necessity a low current efficiency of metal deposition. On the
other hand, the fact that a portion of the current is used in
depositing metal makes the cleaning less effective than it would
be in the regular electric cleaner. There is therefore a possi-
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142 OLIVER P. WATTS.
bility, at least, that the saving in handling consequent upon the
use of the combined cleaner and plate'r may be more than counter-
balanced by the loss in time and increased power Fost ;;vh;n
heavy deposits of metal are desired. A corpplete so}utlon of this
question can only be obtained in commercial est.abhshments, but
it is hoped that the author’s laboratory experiments, and the
limited conclusions which can be drawn from them may prove
of interest, and may lead to investigations of this subject by
practical platers. ‘ . .

E. G. Lovering,' using a combined cleaning and plating solu-
tion, claims that he obtains in 20 minutes a deposit of brass' 0.002
to 0.003 inch thick, which would require two hours in Fhe
regular brass bath. He gives the following as the composition
of his solution:

per liter
b HoV. Ws XXX Iye cvvviiiiiiiiiniiiin s, 6o g.
2 0z. copper carbonate. ..... ..ot 15 g.
2 oz. zinc carbonate ...l 15 g.
4 oz. ammonium carbonate............ ...l 3 g
4 oz. potassium cyanide .......... ..o, 30 g.
I gallon water ...t 1000 cC.

For a copper solution he uses the same without the zinc car-
bonate, and claims to obtain a deposit 0.009 inch thick in fif-
teen minutes, doing in one tank an amount of work which for-
merly required three tanks. The solutions are used at boiling
temperatures. ,

For comparison with Lovering’s solution two ready-prepared
compounds were purchased. One of them, for cleaning and
depositing copper, will be referred to as X, the other, for clean-
ing and depositing brass, will be known as V.

Copper.

Cleaner “X,” consisting of a fine white powder, evidently a
mixture of caustic soda with other materials, was dissolved in
water to form a solution containing 175 . of solids in 1 liter
of water. Although this solution is sold as a cold cleaner and
plater, in order to do it justice in comparison with Lovering’s
solution it was also used hot. Copper electrodes of equal size
were used except where the current densities quoted show anode

and cathode to have been of unequal areas. Current efficiencies
*  Metal Industry, 1913, p. 173.
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were determined by comparing the weight of copper deposited
with that obtained from an Oettel copper coulometer con-
nected in series with the plating solution. Since copper has a
valence of one in cyanide solutions, at 100 percent efficiency the

weight of copper deposited should be twice that deposited in the
~ coulometer. All current efficiencies for copper have been cal-
culated on this basis.

The results of experiments with cleaner X are given in Tables

I and I1. '

TasLg 1.
Temperature Cathode
No. Current Density 11‘:1?1:' Deposit Anode
C. F | Efficiency
Amp. per | Amp. per
Sq. dm. | . ft.
i
- 1 ;
I 24.5 76 4. ‘\ 37.3 11.4 60 Fine Black
2| 24.5 76 1.8 | 167 20.6 30 Fine Black
3| so. 122 2.1 i 19.5 39.1 30 Good Black

There was a vigorous evolution of gas at the cathode, but none
at the anode, which was soon covered with a black coating, prob-
ably cupric oxide. The cathodes consisted of sheet brass coated
with grease from the polishing wheels, and received deposits
which were perfect in continuity and adherence. A compari-
son of experiments 1 and 2 shows a considerable increase in
efficiency as the result of diminishing the current density, and
experiment 3 gives a still greater efficiency as the result of
heating the solution. The polarization was 1.3 volts,

Tasrg IL
Temp. Cathode » Anode
No. . .
Current Density j. |Current Density | pg o
C.| F. lzgic‘; o c‘; Anode
sq.dm. ’ sq. ft. 8q.dm. | sq. ft.
4 | 711160 79 | 735 | 17.3 51 | 474 | —35 Black
5] 70{158] 79 | 735 16.6 51 | 474 | —24 Black
6 | 70[158] 75| 700 | 138 | 46 | 430 | —05 Black
7 | 70[158] 19 | 177 35.5 1.1 | 10.2 e Black
8 | 70|158| 70 | 650 | 147 4.6 | 430 47 | Nearly °1eﬂflb
9 | 70]158] 70 | 650 13.3 46 | 430 2.7 |Clean and bright
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Table II shows the effect of the addi‘tion of a small amount
of potassium cyanide in the hope of dissolving Fhe black film
on the anode. The time of depositign was 30 minutes.

The only effect of the addition of cyamd.e was an 1mpr9vem.ent
in the color and brightness of the deposit. The negative sign
before anode efficiencies indicates a gain instea.d of a loss in
weight. In No. 8 an addition of 25 grams per liter of Rochelle
salt was made in the hope of inducing corrosion of the anOfie,
and in No. 9 this was increased to 35 grams, with the gratifying
result that the black film no longer formed on the anode, although
the efficiency of corrosion was still far from satisfactory. It
" is evident that in order to secure good anode corrosion it will
be necessary to lower the current density, add more tartrate, or
possibly do both. The previous polarization of 1.3 was un-
changed by this addition of the Rochelle salt.

Lovering’s solution was next tried. In making this, the zinc
carbonate of the formula quoted was replaced by copper car-
bonate, giving a total of 30 grams per liter of the latter. It
was then found necessary to use 70 grams of sodium cyanide
instead of 30 grams of potassium cyanide to dissolve the copper
carbonate. Tests of this solution are given in Table III.

TasLg III.
‘Temperature Current Density .
No. Elgﬁuencty
ercen!
c. | Mg | Ampees

10 25 77 3.9 36.3 22.1
11 25 77 1.8 16.7 47.6
12 99 210 3.5 32.5 99.4

At room temperature this solution showed a much higher effi-
ciency of deposition than cleaner X, but the anode was entirely
black. To improve anode corrosion’ 20 grams of tartaric acid
:'md 20 c.c. of strong ammonia were added. At the same time
1t was found necessary to add a small amount of sodium cvanide
to completely discharge the blue color of the solution. The
result of these changes in the electrolyte and the use of half
the f?nn,er current density is shown in No. IT. In spite of
doubling the current density in No. 12, which should lower the
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efficiency, other conditions remaining unchanged, elevation of the
temperature to gentle boiling has caused a rise in éfficiency to
practically 100 percent. Under the conditions of No. 12 this
solution would not act as an effective cleaner unless a large
amount of sodium cyanide were added.

Since the combined cleaner and plater may be considered as
only an ordinary cyanide copper solution to which lye has been
added, it was consideted interesting ts compare Lovering’s solu-
tion with another bath of the same composition except that the
lye was left out. A’ solution was made up of the following com-
position ;

Ammonium carbonate .............iiuiiiani.nn. 40 grams
Copper carbonate ............c.oovvnernrinnnnnnnns 36 grams
Sodium cyanide ...........oviiiiiiii 36 grams
Water oot e Ve 1000 ccC.

Tests of this solution (L) in comparison with the same to which
50 grams per liter of caustic soda was added (LA4) are given
for 30 minutes of deposition in Table IV. :

TasrLy IV.
Temperature I Cathode Anode
No. Current Density Current Density .
C. F. (" |Efficiency Efficiency
Sq.dm. | Sq. ft. Sq. dm. | Saq.ft.

131, 99 | 210 4.2 390 97.4

14 LA 99 | 210 3.8 35.3 96.7

15 L 8 | 176 26 24.2 88.6

16 LA 8 | 176 29 | 269 8s5.2 ... e eee
17L 30 86 3.6 33.5 30.6 2.8 26.0 26.7
181 - 8 | 1% 38 36.3 86.2 30 279 80,9
19LA 8 | 18 28 26.0 84.9 2.7 25.4 15.7
201, .25 77 22 . 20.4 49.4 3.0 27.9 SL.7
21 L 25 77 | - 25 23.1 34.0 3.0 27.9 340

A comparison of 13 and 14 shows that the addition of caustic
soda has no effect upon the efficiency of deposition, but the for-
mation of films on the anodes showed the need of more cyanide,
and 5 grams per liter of sodium cyanide was added to each
solution. This addition is partly responsible for the lower
efficiencies of 15 and 16, the other factor in lowering the effi-
ciency being the fall in temperature. On the other hand the

10
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lowering of the current density must have tended in the oppo-
site direction. A comparison of 17 and 18 shows the remark-
able effect of temperature upon the current efficiency a? each
electrode. It has previously been pointed out that elevatlorf 'of
temperature permits the use of unprecedc?ted currcnt.densxt.xes
in nickel. plating also.? The cause of this greatly. st}mulatx.rxg
effect of heat upon electrodeposition appears to lie in an in-
crease in the rate of diffusion of dissolved substances with rise
of temperature, and the increased circulation of the liquid as
a whole, caused by convection currents. To test the effect of
artificial circulation uponcurrent efficiency two cells containing
the same solution were connected in series so that the same cur-
rent traversed both, and a stirrer rotated at 1,000 r. p. m. was
placed in one cell. The results are shown in 20 and 21, the.
former containing the stirrer. Since stirring prevents the film
of solution in contact with the cathode from becoming depleted
in metal it was to be expected that the efficiency of deposition
would be increased by stirring. Whenever the current efficiency
in a stationary solution is greatly below 100 percent, stirring
ought to increase the efficiency, except when the electrolyte con-
tains some corrosive substance such as ferric chloride or an acid,
which vigorously attacks the cathode. A comparison of anode
and cathode efficiencies for solution Z, shows a very satisfactory
state of affairs, as the anode supplies metal at the same rate at
which it is deposited. In LA, however, the anode was entirely
black and corroded so poorly that for long continued use it
would be necessary to supply metal by the addition of copper
carbonate or cyanide.

It has been stated by Brown and Mathers® that the current
efficiency of Weil’s solution, consisting of copper sulphate,
Rochelle salt and caustic soda, is 100 percent at both electrodes
for current densities not exceeding 1 ampere per square deci-
meter. This suggested to the writer the addition of a tartrate
for the purpose of increasing the anode corrosion.

To study the effect of a tar
tion LA was digested with e

2 Brass World, 1915, p. 34.
*J. Phys. Chem.,, 10, 51,

trate upon anode corrosion solu-
xcess of copper carbonate to re-
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move the free cyanide and divided into two portions, to one of
which (LAT), 60 grams per liter of sodium potassium tartrate
was added. Tests of these solutions appear in Table V.

TABLE V.
Temperature : Cathode Anode
No. | Current Density Current Density y
C. F. o~ |Efficlency| " |Efficiency
. Sa.dm. | Sq.ft. Sq.dm. | Sa.it. |
22LA4 71| 160 | 6.6 61.2 339 5.1 47.4 3.6

23LAT 71| 160 | 6.0 55.8 35.0 6.1 56.7 55.7
24 LA 71 | 160 6.6 61.2 47.3 5.1 47.1 6.7
25 LAT 71 | 160 6.0 55.8 67.3 6.1 56.7 62.2
26 LA 711 160 | 7.7 71.6 26.8 5.1 47.1 9.4
27 LAT 71| 160 | 6.6 61.2 55.1 6.1 56.7 57.1
28 LA 99 | 210 7.7 71.6 79.0 5.1 47.1 39.0
20LAT | 100 | 212 6.6 61.2 97.5 6.1 56.7 100.5
oW 70| 158 68 63.2 284 4.0 37.2 0.3
31 WCy 71| 160 | 6.2 57.7 52.1 4.2 39.0 39.7

These tests were made with the two solutions, one without,
and one with the addition of the tartrate, connected in series.
Nos. 22 and 23 indicated a lack of free cyanide, and 2 grams per
liter of sodium cyanide was added to each for tests 24 and 25.
For tests 26 to 29, inclusive, the amount of free cyanide was
increased to 6 grams per liter. The first addition of free cyanide
to LA caused an increase in the efficiency of deposition, as well
as in anode corrosion; a still further increase in cyanide gave
the lessened efficiency at the cathode which had been expected
for the first addition. In all tests of LA a black coating, prob-
ably cupric oxide, formed on the anode, and the corrosion of
the anode was absolutely unsatisfactory. The behavior of the
anode in LAT was in striking contrast to this. As seen in the
table its corrosion was closely proportional to deposition at the
cathode, and it remained bright and free from any film of oxide
or cyanide. ‘ 4

The effect of heating these solutions to boiling was no less
striking in 28 and 29 than previously in 12, 13 and 14.. In 29
the amount of tartrate had been increased to 110 grams per liter.

To learn more definitely the parts played by the cyanide and



148 OLIVER P. WATTS.

~ the tartrate in producing the very satisfactory operation of solu-
tion LAT, Weil’s bath, was made up as follows:*

" 60 grams
Copper sulphate ........eeveeuereereeieeennees
Sodium hydrate (Iye) .....ooovrvnviieiiiennns gg grams
Sodium potassim tartrate.......eeeeiaiiiiiiaes 160 grams
WWALET o evvveeernnnerstonsasssasssssanassnsanesnns 1000 cc.

To one portion of this (WCy) 30 grams per liter of sodium
cyanide was added, just enough to discharge the deep-blue color
of the original solution. These two solutions, 30 and 31, were
then electrolized in series. The nature of the deposited copper,
as well as the current efficiency, indicated that more cyanide
was needed in W(y, while 30 shows that the tartrate without
cyanide does not make a satisfactory solution, for combined
cleaning and plating, for it is necessary to use a very high cur-
rent density in order to cut down the cathode efficiency suffi-
ciently for effective cleaning, and this reduces the anode efficiency
nearly to zero.

Two experiments to determine the thickness of metal deposited
in a half-hour from the boiling solution LAT, at 9 amperes
per square decimeter or 84 amperes per square foot, gave 0.0042
in. at a current efficiency of 88.8 percent. At this rate of depo-
sition 1 hour and 4 minutes would have been required for a
deposit 0.009 in. thick, such as Lovering obtained in 15 minutes,
and a current density of 360 amperes per square foot would have
been needed to give this deposit in 15 minutes at the current
efficiency of these experiments.

These solutions yielded bright, fine-looking deposits, which
gave no indication of stripping from the greasy sheet metal on
which the copper was deposited. This must not be taken as an
in‘dorsem(?nt of the use of these solutions for plating objects
with crevices or deep cavities, as no such articles were available
for testing.

Cleaner ‘X is only suitable for preliminary plating which is
to be foﬂow{ved by the deposition of a heavier coating from an-
other solution.
ﬂa%(;:'l:;‘l‘g’:nzolut.ion is capable of doing effective cleaning on

, will when boiling deposit copper more rapidly

than the cold copper sulphate bath, as it permits the use of
*J. Phys. Chem., 10, 1.
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higher current densities than the latter. In this connection it
should be noted that at 50 percent efficiency for the cyanide
~ bath the deposit of copper equals that by the same current at

100 percent efficiency for the copper sulphate solution.

For effective cleaning it is possible that the current efficiency
ought not to be allowed to exceed 50 percent and 3 high current
density must be used.

The hotter the solution the more effective the cleaning, and
the higher the current density which may be used without pro-
ducing a bad deposit.

The proportions of the total current devoted to cleaning and
to plating may be controlled by adjustment of the temperature,
the amount of copper in the bath, the current density, and the
amount of free cyanide present. An increase in the first two,
and a diminution of the last two increases the percent of the
total current which is devoted to the deposition of metal, and
vice versa.

The addition of 60 to 75 grams per liter (8 to 10 ounces per
gallon) of Rochelle salt or other tartrate to Lovering’s bath
greatly improves the operation of the solutions.

Brass.

A first attempt to clean metal and deposit brass was made with
cleaner “Y,” already referred to. A solution containing 175
grams of the powder per liter evolved much gas, and gave only
a very thin deposit looking like pure copper at 71° C. and a
current density of 6 amperes per square decimeter. As this is
supposed to be used cold, it was also tried at 20° C. with cur-
rent densities of 3 and of 6 amperes per square decimeter. A
very thin deposit of red brass was obtained. The solution cleaned
the metal, but did not give a satisfactory deposit of brass.

Lovering’s brass solution was made up according to the for-
mula previously given, except that more potassium cyanide was
needed to secure solution. As the color of the brass deposited
from this was not satisfactory, additions of copper and zinc car-
bonates and sodium cyanide were made, until finally a good
color was obtained between 70° and go° C. The deposits
adhered firmly upon sheet metal covered with grease from the
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polishing wheels, but thick  deposits, equivalent to 15 min.utes
at 8 amperes per square decimeter, were hard and rather brittle,
cracking when the sheet was bent at r'lght' angles. No attempt
was made to determine current efficiencies. One .mterestmg
observation was that the addition of 50 grams per liter of lye
to a hot brass plating solution which was depositing brass of
an excellent color, caused the color of the deposit to change to
that of pure zinc, ; :

The few experiments tried with the brass solution show that
brass may be deposited from a combined cleaning and plating
solution in a manner similar to copper, but on account of the
difficulty of satisfactorily controlling the color of the deposit, the
whole matter has been made the subject of a more complete in-
vestigation, which is now being carried on in the electrochemical
laboratories of the University.

Nickel.

Since the combined cleaning and plating solution for copper
is most extensively used as a preliminary to nickeling iron and
steel, it was thought that a solution for the simultaneous clean-
ing and nickeling of iron might be of value to the plating in-
dustry. The experiments so far tried for the purpose have failed.

What is needed is an alkaline nickel solution which at or near
the boiling point will give a-smooth deposit of nickel at a current
density of 30 to 50 amperes per square foot, at a current effi-
ciency between 30 and 50 percent,

Naturally cyanide solutions were first tried. A boiling solu-
tion containing 70 grams per liter of nickel sulphate in the least
amount of potassium cyanide that would dissolve the precipitate
gave a bright and adherent deposit of nickel on greasy metal, but
the efficiency of deposition proved to be only 0.05 percent. The
addition of caustic potash did not improve matters, nor did the
substitution of nickel carbonate for the sulphate. The cyanide
sc?lution was abandoned, and an attempt was made to hold the
n.lckel in solution by other means. Tartrates prevented the pre-

d solutions, but when heated

el s ' riments are still in progress
upon this Interesting, but seeming

-y : ly difficult problem.
€ most important result of these experiments is the great
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improvement in anode corrosion caused by the addition of a tar-

trate to the copper solution. Other deductions of less impor-

tance are to be found at the close of the section on copper.

Laboratory of Applied Electrochemistry,
University of Wisconsin.

DISCUSSION.

C. G. SCHLUEDERBERG: In Dr. Watts’ paper particular stress
is laid on the value of having the solutions hot. In one place,
page 149, he says: “The hotter the solution the more effective
the cleaning, and the higher the current density which may be
used without producing a bad deposit.”- In talking the other
day, with J. O. Jones, Chief Chemist for the Westinghouse Elec-
tric and Manufacturing Company, he suggested a possible use
of the immersion type electric heater for the purpose of heating
these solutions. It seems to me such a heater could be very well
applied to this purpose. Most of you probably know that immer-
sion type electric heaters are now used for many and various
purposes. They are even used on circuits for making steam in
boilers, although that is very expensive unless you have a low
rate for current. There is no question but what satisfactory
electric heating apparatus could be supplied for the service dis-
cussed in this paper.

C. H. Procror: An occurrence that occurred in my plating
department twenty-five years ago will prove that the ideas that
Dr. Watts has put forth are correct, but not new.

I think it was in the year 1889 or 1890, while I was employed
by the Ansonia Brass and Copper Company at Ansonia, Conn.
We were cleaning out some copper tanks. There is a certain
amount of sediment which gets in the tanks in use and once or
twice a year we cleaned out this sediment. One of my employees
was emptying one of the copper tanks and was using a pail. to
do it. By mistake he took several pails of the copper s?lunon
and emptied this in the cleaning solution made of caustic and
carbonate of soda. I did not notice this, and nothing was said
to me in regard to the addition of the copper solution. When
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we finally started up I noticed that in cleaning zinc castlflgs we
obtained a reddish coating similar to copper. On making dln,
quifieé, I found that some copper solu.tlon h.ad been added
accidentally to the cleaning solution. I immediately connecte.d
up the iron tank with a positive lead, ar‘1d started to deposnt.
out the copper upon sheets of steel. I noticed at that time that
the rusty and greasy surface of the steel ‘was cleansed and 1
obtained a very good coating of copper, which would prove that
Dr. Watts’ idea is correct but not new. I used the solution for
a certain length of time in this manner, but could not see any
economic advantage, so discarded its use. |

To hold copper in a cyanide solution you must have free
cyanide. In heating the solution to 212° F. (Iop° C.) and re-
moving the grease and organic matter the cyanide c.lecomposes
quite rapidly and must be renewed quite often, which prov.ed
that the proposition was too costly for use, and I finally dis-
carded the idea of using a combined cleaner and plater. Prob-
ably for small articles it may be an advantage. If you could
deposit copper from carbonate of sodium or caustic hydrate,
we should not have any use for cyanides. Three years ago I
was in a plating department in Chicago and later in Cleveland,
and cleaning and plating was being utilized there, so it is not
a new process.

Grorce B. HocaBoom : Dr. Watts said he did not get suc-
cessful brass deposition. Since the paper was published, I have
had a little experience. We have a mechanical plater, with a
350-gallon electric cleaner, and have a foreigner who can not
talk English, operating it. He went to the storeroom, as is his
practice every morning, to get a certain amount of causticised
ash, and instead got forty-five pounds of zinc carbonate and put
it into the cleaner. To see what would happen I put in two
pounds of cyanide of sodium; the cyanide present dissolved
enough copper from the plating racks, which held the work, to
combine with the zinc to give a beautiful brass deposit.

S. D. BENOLIEL: Some of the speakers have referred to this
method as being impractical. This is certainly true because the
method has but very limited applications.

In cleaning work
- before plating,

there are a large variety of metals to be cleaned,
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such as iron, zinc, German silver, brass, etc. Again, the nature
of the material to be removed plays an important part. These
articles vary to a great extent, and may be composed of such
materials as mineral oils, lubricating compounds, vaseline buffing
compositions, which may be made up with paraffin, stearic acid,
etc., all of which goes to make the problem more or less com-
plicated.

Francis C. Frary: I would suggest that you use instead of
the cyanide, to hold the copper in solution, some form of ihvert
sugar, cheap glucose, or even cane molasses (preferably first
warmed up a little with some acid) because it is well known
that these invert sugars will hold copper in alkaline solution as
well as the expensive tartaric acid compound. If the process

is worth using for any purpose, you might be able to make a
saving by this substitution.

GeorcE B. HocasooMm: In reply to Dr. Frary’s statement, I
would say that we are making certain solutions containing glu-
cose, corn syrup, 58 percent, 42° Baume, manufactured by the
Corn Products Company. In removing the work from the
solution containing a substance such as you speak of, and put-
ting it into cold water, the work discolors very rapidly, and it
is necessary to pass it through a bath of cyanide to clarify the
depogit.

Francis C. Frary: Did you try the cheapest grade of dex-
trose sugar instead of glucose?

GEorRGE B. HocaBooM: We used it in zinc plating. If there
is any appreciable amount in the solution, it discolors the work
and requires cyanide to clarify it.

MR. Warrs (Communicated) : Concerning the reputed failure
of the combined cleaning and plating solution from the economic
standpoint, due to excessive consumption of cyanide by the hot
solution, I can give no evidence, as my experiments were of
too brief duration to deétermine this point. Although, as pre-
viously stated, cleaning is most effective in boiling solutions,
excellent results have been obtained at temperatures as low as
60° C. At this lower temperature and with the less vigorous
agitation which accompanies it, it is possible that the destruction
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of cyanide may be sufficiently lessened to permit of the econom-
ical use of the combined cleaning and plating bath.

Mr. Benoliel’s contention that the method is of very limited
application because of the great variety of metals to be cleaned
and the many different kinds of grease to be removed in prac-
tical plating is incorrect. No other method of cleaning in use
today is capable of such general application to all kinds of metals
for the removal of every variety of grease as is the combined
cleaning and plating. solution.
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Among the refractory materials for electric furnace construc-
tion, magnesium oxide, with a melting point of 2,800° C.;! and
carbon, with melting point above 3,500° C., have been found satis-
factory and quite indispensable. In the construction, however,
they must frequently be in contact with one another, and at high

temperatures several investigators have observed a reaction be-
tween these two materials.

In August, 1905, while melting some iron alloys in a granular
carbon resistor furnace with walls made of magnesia brick, O. P.
Watts® noticed that the carbon seemed to shrink in volume and
that a black, soot-like deposit about one-half inch thick appeared
on the interior walls of the furnace. This crust was first thought
to be due to impurities in the resistor, but the substitution of
other forms of carbon did not decrease the loss. He decided that
the reaction was a simple reduction of the magnesia by the car-
bon and that it was reversible, basing his conclusions upon a
chemical examination of the condensed product.

The same phenomenon was observed later by H. M. Goodwin
and R. D. Mailey® when attempting to fuse magnesia in a carbon
tube. They found that a black product condensed on the cooler
part of the tube and determined that it was not a carbide, but
did not fix its identity.

A study of this phenomenon was made by P. Lebeau* in an
attempt to determine the nature of the reaction and to confirm

! Melting Point of Some Refractory Oxides. Bur. Stand. Bull., 10, (No. 212), 18.

9 Action of Carbon on Magnesia at High Temperatures. Trans. Am. Electrochem.
Soc., 11, 279-89 (1907); Chem. Zeits., 31, 730.

3 Physical Properties of Fused Magnesia. Trans. Am. Electrochem. Soc., 9, 9o
(1906); Phys. Rev., 23, 22.

* Reduction of Magnesia by Carbon. Compt. Rend., 144, 799-801; Rev. Electro-
chem., 1, 156-7.
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the results obtained by the other investigators. His final de-
cision was that a carbide of magnesium was formed. .

R. E. Slade’ while carrying on an investigation with the
same end in view, confirmed the opinion of Watts and of Qood—
win and Mailey, and in addition found that the reaction in the
case of the materials he used began at 1,700° C.

While determining the temperature of fusion and volatiliza-
tion of magnesia on a base of carbon, a violent reaction was re-
ported by Ruff, Seiferheld and Suda® at 2,000° C. With a graph-
ite base, however, there could be observed no appreciable re-
action below the fusion temperature of the magnesia, which
they give at 2,500° C.

The present investigation aimed at the determination of the
temperature at which carbon, in the form of Acheson graphite,
will react violently with magnesia. Some preliminary work was
done in 1913, but the present article covers the results of work
done during the past year. Two sets of data were in reality
obtained—a set made during the spring of 1914, and another,
with different apparatus and pyrometer, during the fall of 1914.
The data obtained at the two times are an excellent agreement.

Methods.

In the solution of this problem, three distinct methods of at-
tack were pursued. In the first method, weighed samples of the
two materials—magnesia and graphite—were heated in contact
with each other for about half an hour at various temperatures
and the loss in weight determined. It was thought that a de-
cided increase in the loss would result at the temperature of
violent reaction. This method failed in its purpose because of
the fact that it was almost impossible to maintain the furnace
at a constant temperature for more than a few minutes. These

runs did indicate, however, that the reaction proceeds according
to the equation

MgO + C s Mg + CO

3 “sli;t_i;;tion of Magnesia by Carbon. Proc. Chem. Soc., 24, 29; Chem. Soc. Jour.,

¢ Researches in the Realm of High Temperatures: I On the Fusi i
ization of Our Most Refractory Oxides in the Electric cuum Furngee Zet
anofg. Chem., 82, 3734005 (Abst) Siiar Zeiis.,E le’c zllcz.Vacuum Furnace. Zeits, f.
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because the ratio of the losses MgO/C was approximately the
theoretical, according to this equation, as shown in the accom-
paying table:

Tasrg I.
Run No. MgO Loss C Loss (Tﬁ?ﬁi‘i&&hﬁ;‘g{gﬁ
3 3.68¢ 1.05g 3.50
4 2.41 0.66 3.65
5 3.35 0.95 3.53
7 4.38 1.16 378
8 0.65 0.23 2.83
9 943 271 3.48

The second method was based on the fact that the reaction
from left to right is endothermic. When the substances attain
the reaction temperature there will be heat absorbed from the
surroundings which will result in a fall of temperature. This
method yielded some excellent results, as shown in Figs. 4 and 5.

After the temperature had been determined, some data on the
rapidity of the reaction seemed desirable. The materials were
heated in a vacuum furnace of the Arsem type, provided with
a mercury manometer for determining the pressure inside the
furnace. If the gas, carbon monoxide, were formed, the pres-
sure would increase suddenly at the temperature of reaction and
would be an indication of the rapidity of the reaction. The ex-
periments with the vacuum furnace indicated no great rise in
pressure, and the usual deposition of carbon and magnesia was
observed.. This provides additional evidence of the reversibility
of the reaction; for had it not reversed, the pressure should
have increased, due to the formation of.carbon monoxide. As
soon as the products of the initial reaction reached the outer,
cooled portions, the magnesium reduced the carbon monoxide
to amorphous carbon and the two solids were as in the beginning.

Apparatus.

The observations of temperature were made with an optical
pyrometer of the Holborn-Kurlbaum type, equipped with a series
of revolving sectors for high temperature work, as suggested by
Mendenhall.” In the calibration of this instrument the standard

7 Notes on Optical Pyrometry. Phys. Rev., 33, 74.
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was a platinum and platinum-rhodium t.hern?ocouple certii.ied
by the Bureau of Standards. For the calibration of the optical
pyrometer a specially constructed “black-body” tube furnace was
used. The E.M.F. of the couple was measured on a 'Leeds and
Northrup Type “K” potentiometer, and th‘e current in the py-
rometer lamp on a Weston ammeter, calibrated in the State
Standards Laboratory.

The calibration was conducted at one known temperature by
the method of Prof. C. E. Mendenhall® applying Wien’s Distribu-
tion Law

If a rotating sector be interposed between the source of light
and the pyrometer, such that the intensity is reduced by a fac-

tor —;~, the above equation becomes

J K

I/Og g = Kl - T .......... (b)
By subtraction (a—b),
Log S = K, (%—1‘7 ........... ©

By taking a number of discs and obtaining corresponding
values of current through the pyrometer lamp filament, a series
of values of T, can be computed which correspond to the
temperatures which would be obtained with an open objective.

In this way, values of T, were obtained for the various
sectors, and were plotted on co-ordinate paper. This gave a
calibration curve for an open objective. Then, to obtain the
calibration curve for a given sector, the proper value of S was
substituted in the equation (c); the value of T, was obtained
from the above-mentioned curves for a given current value, and
the temperature T corresponding to that current was computed.

For example, on the open-objective calibration curve, a cur-
rent of 700 milliamperes corresponds to a temperature of 1,253°
C. or 1,526° absolute.

¢ Notes on Optical Pyrometry. Phys. Rev., 33, 74.
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Furnace.

The special furnace employed in this work was a resistor fur-

nace constructed of magnesia brick, insulated with air-slaked
lime and fire brick, as shown in Fig. 1.
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Reaction Crucible.

The reaction crucible shown in Fig. 2 was turned from a
rod of Acheson graphite, and was provided with a sight tube
for the pyrometer observations and a chimney for the escape
of the products of the reaction. Various modifications of this
idea were tried in the course of the researches, but in the final
form the chimney was made very large in comparison with the
size of the crucible. The magnesia rested on a slender support,
to prevent any large transfer of heat from the crucible to the
magnesia by conduction. (See Fig. 2.) It was found that
the heat conducted to the magnesia test specimen through the
graphite support frequently spoiled the test, so the stem of the
support was made small to compel heating by radiation. The
materials of the reaction were the purest attainable. The mag-
nesia was some of the electrically fused magnesia made in this

laboratory. The graphite specimen was machined from a solid
rod of Acheson graphite.
15
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At first the magnesia sample (about 3 g.) was placed inside
the reaction chamber on a small graphite support before the end
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of the “black-body” tube. Next, a larger sample (about 15 g.)

was u.sed and one side was ground to a plane surface and placed
m intimate contact with the end of the black-body tube.

Runs
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12 and 14 were made in this manner (see Fig. 4). Lastly, the
magnesia pulverized to about a 50 mesh and, moistened with
water, was molded about the sight tube. The remainder of the
runs were all made with this arrangement.

Procedure.

For the first experiments the weighed materials were placed
in the reaction crucible and the latter covered with resistor car-
bon. Bricks were placed on top of this, 4nd lime was added
for heat insulation. Power was applied, and temperature, time
and current observations were made. No wattmeter was avail-

————————— . g S i

Fic. 3.

able at first, but later one was installed and the power input could
then be measured, each run being made with constant ‘input.
After the furnace had cooled, it was opened ; the materials were
removed from the reaction crucible and reweighed. Curves were
plotted showing the relation between temperature and the per-
centage loss in weight. Due to the removal of the resistor car-
bon after each run, the resistance of the furnace varied greatly
fromh run to run, and a similar power input did not result, in the
same rate of heating. - :

The second method of attack required the same apparatus and
manipulation, excepting for the omission of the weight data.
The recorded data consisted of time, current or power and tem-
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perature, as shown graphically in Figs. 4 and 5. Anothc?r ob'stacle
was the fume which resulted from the reversed reactmfl in the
cool portions of the furnace. The products of the reaction con-
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densed in the chimney (see photograph, Fig. 3), and a pres-
sure resulted in the furnace from the stoppage of this exit. As
the pressure increased in the crucible, a portion of t
vapor passed through the walls of the pyromet
united with oxygen and formed a white fume, re

he magnesium
er sight tube,
ducing the in-
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tensity of the light and finally closed the sight tube. It was
necessary at frequent intervals to remove the condensed mag-
nesia and amorphous carbon from the chimney by forcing a pas-
sage with a carbon rod. At this time an intense bright flame
-issued from the chimney, showing that the reaction was pro-
ceeding with great violence. The fumes from the combustion
of the magnesium vapor filled the room with a haze. The chim-
ney was then increased in size to about one-half,the diameter of

the crucible, but even then it was frequently stopped at the end
of the run.

2/00
=)
1
¥ o A
© Zooo E
g =
o =
¢l -
w
£ sm00 2
o
[
a
/800
0 Zo 30 <0 S0
Lecenp:
—_— - Run# 108-/9/5 SERIES
—_— . I5a
RESULTS oF THE MorEe Successrur Rumns-19i5
Fic. 5.

For the experiments in the vacuum furnace a small crucible
of about one and one-half inches diameter and three inches high
was turned from graphite and filled with loose, pulverized mag-
nesia. A cover was provided with a sight tube for the pyrometer.
Holes were drilled in the sides of the crucible for the escape of
the products of reaction. This was placed within the graphite
spiral of the Arsem vacuum furnace and the chamber sealed.
The suction was applied and the power circuit closed. Prelimi-
nary tests showed that the furnace was fairly gas tight, although

there was a slight leakage at the joints of the rubber tubing
- connections. The evacuation was’ stopped at a temperature of
1,500°-1,600° C., and observations of time, power, temperature
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and pressure were noted. There was a great deal of difficulty
in measuring the temperature within the vacuum furnace b?-
cause of the fume in the furnace and also because ?f a tflepomt
of condensed magnesia on the inner side of the mica w1.ndow.
For this reason the temperature data secured are not considered
reliable. : ' '
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- Results.

One result of this investigation has been the justification of

the original assumption that the equation of the reaction is ex-
pressed thus:

: MgO + C = Mg + CO
This is proven by the facts: - ;
'(1) The ratio of the combining weights is closely that of the
* ° equation.
(2) The products of the reaction have all the appearance of
' being MgO and C (see photograph, Fig. 3).
( 3) The ‘pressure of the vacuum furnace does not rise ap-
: preciably at the reaction temperature, showing the re-
~* versibility.
(4) The extremely bright flame of magnesium burning to

- magnesium oxide occurred again and again at the reaction

temperature, and the collected magnesia formed is char-
acteristic.
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The pyrometric results indicate that the reaction commences
slowly at about 1,950° C. (this temperature being somewhat de-
pendent on the rate of heating), and becomes very violent at
temperatures above 2,030° C. This agrees well with the results
of Ruff, Seiferheld and Suda, who found a violent reaction with
amorphous carbon at 2,000°.

Since the reaction temperature has been found many times at
about 2,030° C., and that with definiteness, it is suggested that
this may be a “fixed point” for the calibration of optical py-
rometers. 'This arrangement has the following advantages: (a)
can be carried on in presence of carbon, (b) done at atmospheric
pressure, (¢) no contamination of materials, (d) cheapness of
test materials. ’

Care must be exercised to provide adequate vents to the re-
action chamber to avoid a pressure inside which produces fume
in the pyrometer black-body tube.

The power in the furnace should be kept constant for satisfac-
tory results.

Chemical Engineering Department,
University of Wisconsin.

DISCUSSION.

C. W. BexnNerr (Communicated): There is no doubt but
that magnesia is decomposed by carbon or graphite at high tem-
peratures. It would have been of much more interest to prac-
-tical electrochemists if Mr. Kowalke had studied the point of
break-down of commercial magnesia fire-brick instead of chemi-
cally pure magnesia, as we all know that the commercial article
is less resistant than chemically pure material.

Granting the decomposition of magnesia by carbon and graphite,
the mechanism of this break-down is quite a different proposition.

Let us assume that magnesia is reduced by carbon to magne-
sium. I do not believe it would be possible to distil magnesium
through carbon without forming carbide. As a matter of fact
we all know that magnesia and carbon react to form magnesium
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dicarbide at approximately 1,700°. Furthermore, a reaction oc-
curs between magnesia and carbon at 1,500°. )

From Fig. 6 it would appear that the pressure in the vacuum
furnace does rise at 1,600° at least and that an increase of two-
fifths of an atmosphere occurred in a little over an hour. There
are no data from which it can be determined whether the tem-
perature at this time was higher than 1,600°.- As a matter (3f :
fact we know that there is an increase of pressure at 1,500°,
1,600° and 1,700°, and carbon monoxide is formed.

In the third conclusion where it is stated that the pressure in
the vacuum furnaces does not rise appreciably at the reaction
temperature, I think it will depend upon how lang the product
has been heated below the so-called reaction temperature and
above 1,500°. If the charge is completely transformed to car-
bide by heating for an appreciable time at, say, 1,600°, then run
up to 1,950°, there is no reason why there should be an increase
of pressure, because the carbide would distil and condense on
the cool parts of the furnace without changing the pressure appre-
ciably. We have not yet determined the composition of these
carbides, but it is believed that oxidation of the carbides yields
free carbon and magnesia. This fact would not be occasioned
by carbon monoxide, but would be caused by oxygen of the air
upon opening the Arsem furmace. Whether oxidation is pos-
sible or not, we have repeatedly demonstrated that it is impossible
to open an Arsem furnace and obtain the product as it was
formed in the neutral atmosphere. Oxidation always occurs very
rapidly. As a matter of fact I have scraped from the cool parts
of the furnace a magnesium compound and caught it in the palm
of my hand. The heat from the palm of my hand was sufficient
to cause the whole mass to take fire spontaneously.

The magnesium flame would be occasioned by the oxidation
of such material as well as the oxidation of pure magnesium.
It would therefore appear that the conclusions reached in this
paper are largely unwarranted and are open to serious criticism.

E. F. NorrarUP: This paper has had some interest for me,
because I found occasion to study the problem of ﬁnding a stable
material for electrical insulation between slabs of graphite, and
to get the information I made some measurements on magnesium
oxide, aluminum oxide, ang certain other oxides, and T have a
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few facts which may be of interest, which I will presently give.

Before doing so, I wish to suggest a possible means of study-
ing the moment at which violent reactions begin. An arrange-
ment which I have already described in Metallurgical and Chem-
ical Engineering, February, 1914, enables one to be sure that
one is measuring the conductivity or electrical resistance of the
material itself.

I have taken hundreds of observations, and I have not known
any case in plotting a resistance curve against temperature where
there is not some kind of an inflection when there occurs any
chemical or physical change in the material measured.

Suppose you had the arrangement I have described down in a
furnace, and had a means of measuring the temperature, and
-were measuring the electrical resistance. When you got a violent
chemical reaction, you would have unquestionably a decided in-
flection in the curve. Unfortunately, in my work I did not carry
my temperatures on magnesium oxide high enough to get the
violent reaction, but as far as I went I can assure you that the
figures I have put down, for this class of work, are quite accurate,
and they have some bearing on the properties of magnesium
oxide. I will put the figures down, temperature against resis-
tivity of MgO in ohms per centimeter cube.

Resistivity in ohms per

Cce centimeter cube
1060 , 420,000
1100 320,000
1170 62,000
1230 24,000
1352 510
1386 415

I should say, to be accurate, that there was mixed with the
magnesium oxide 10 percent of pure magnesium carbonate. The
presence of this amount of magnesium carbonate seemed to
slightly cake or sinter the electrically shrunk magnesium oxide,
so that the mixture did not drop out from between the slabs of
graphite. It is, after heating, about as hard as plaster of paris.

The figures just given by themselves are not so interesting
unless you have some comgarison figures. 1 give now some
figures obtained for electrically shrunk aluminum oxide. It was
in the form of powder, and is as pure as the best made by the
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Norton Company. I only list here every fifth one of the figures
I obtained:

co Ohms per centimeter cube
26 g0 xI10°

1170 238 x Io:

1380 ©16.3X 10

1458 6.5 x 10°

Noting the above figures, we have 16,300 ohms as the resistivity
of AlL,O, against 415 ohms as the resistivity of MgO at a tem-
perature of 1,380° C. Now why this difference? Perhaps the
following fact has some bearing. When I took apart the graphite
slabs between which the MgO had been clamped, their surfaces
were covered with a thin blackish deposit of what appeared to
be amorphous carbon, but when I took apart the graphite slabs
between which the AL,O, had been clamped the surfaces were
polished, clean, and unaltered in appearance. It seems certain
therefore that at a temperature of 1,450° C. there is no reaction
between aluminum oxide and graphite, and that there is a slight
reaction between magnesium oxide and graphite.

Without making any measurements of resistance or tempera-
ture I heated the magnesium oxide considerably higher than
1,450° C. and noted that the resistance went on falling rapidly
and that it becomes unfit for an electrical insulator between slabs
of graphite when the temperature is very high. By a small in-
crease of voltage an arc is established at these high temperatures,
which breaks the insulation down completely.

I think if some one interested in studying chemical reactions
at these high temperatures would use the method I have sug-
gested and plot resistivity curves, they would learn from the
inflections in the curves where reactions begin and obtain per-
haps some idea of their violence. The measurements should be
made with low frequency alternating current—low frequency
rather than high because there seem to be some strange capacity
effects—and an alternating current galvanometer or sensitive elec-
trodynamometer should be used as a detector. An ordinary Wheat-
:c,tone-bridge connection should be used. It is probable that chem-
ical changes would be shown by marked inflections in the curve.

It would not be difficult to arrange for measurin

g the tempera-
ture. A

graphite tube closed at the lower end could be inserted
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in the furnace and the bottom of this tube could then be viewed
with an optical pyrometer. No fumes coming from the furnace
could enter the tube to obscure the view.

Many ideas are held as to what constitutes high temperature ;
but I do not call a temperature high until one has passed 1,000° C.
I wish more people would get busy on lines of investigation above

1,000° C., as it is the most fruitful field for original research
work I know of.

A. T. Hixckiey: I would like to point out a case in which
the temperature of reaction between carbon and magnesia (MgOQ)
is lower than that given in this paper.

Petroleum coke (ash under 0.5 percent and volatile matter
under 0.25 percent) was finely ground and mixed with pulverized
magnesia. This mixture was bonded with tar, molded and then
baked to remove the volatile matter. This test piece was heated
in a carbon tube furnace and the temperatures noted by means
of Seger cones. At about 1,500° C. a marked decrease occurred
in the crushing strength of the test pieces, indicating that the
reaction had started, and at 1,600° the vigor of the reaction was
marked by deposits on the walls of the tube, as noted by other
workers, :

The results indicate that the temperature at which this reaction
may be termed vigorous depends upon the physical subdivision
of the reacting materials and the intimacy of their mixture. On
this account it does not seem that the temperature of reaction is

well enough fixed to be made a standard for pyrometric measure-
ments.

F. A. J. FrrzGEraLp: It would be better not to make measure-
ments of “reaction temperatures” until a reaction temperature
is defined. As Mr. Hinckley pointed out the so-called reaction
temperature depends so closely on the conditions of the experi-
ment that these results have no particular value.

W. R. WaHITNEY: I take exception to Mr. Bennett’s statement
that it would have been better to try this experiment on mag-
nesia fire-brick. A magnesia fire-brick is an indefinite thing, while
pure magnesia is definite. We of this Society should stand for
the knowledge gained from what we test, and when a man says
he has tested a thing, we want to know exactly what he tested.
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Moissan, in his book, mentions the fact that plates of magnesia
in contact with carbon are stable at arc temperatures, and he
used blocks of magnesia against blocks of carbon in the arc
furnace. Therefore it must be an important matter to have the
magnesia and the carbon in very close contact to produce any
very violent reaction at 2,000° C.

J. W. Ricuarps: Whether a reaction between magnesia and
carbon will take place at a given temperature will depend on the
pressure put upon them. If the two are strongly compressed
they will react at a lower temperature than if they are simply
lying against each other. It also depends on the intimacy with
which the materials are mixed.

What is the “temperature of reaction” is also indefinite, because
in these reversible reactions the velocity of the reaction, starting
low at a low temperature, increases very rapidly in a certain
-region of temperature, and it is only that range of temperature
which can be indicated, and not any definite temperature, as one
of active reaction. The practical temperatures at which endo-
thermic reductions take place are roughly proportional to the
amount of heat absorbed in the reaction. This is only another
way of saying that the stronger the oxide the higher the tem-
perature necessary to reduce it by carbon. The data to prove
this generalization are fragmentary, but may be illustrated by
the following approximate figures:

. Calories abso bed Approx. Temperature for
Oxide reduced per atom of oxygen Reduction
PO 21,500 500° C.
FeO 36,500 , 750° C.
Sn0, 41,500 goo® C.
ZnO 55,560 1050° C.
Si0: 69,000 1500° C.
TlOz 80,%0 1600° C.
ALQO; 101,500 1800° C.
MgO 114,000 1950° C.

This is only a crude statement of a difficult problem, but it
has its applications. Another deduction from these principles is
that at any given reduction temperature, with several oxides
present, the relative amounts of each reduced will be governed
by the same considerations, and may be predicted from the
calories absorbed in each reduction. An example of this is the
presence of considerable silicon, some titanium and sometimes
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traces of aluminium in pig iron produced in the blast furnace.

There are no large or important exceptions to this general prin-
ciple.

WiLrLiam R. Mort: Referring to what Dr. Whitney said about
Moissan’s work, it is interesting to recall that Moissan tested
several kinds of magnesia. He says that the magnesia purified
by the method of Schloesing was not reduced by carbon. (See
Moissan’s book, The Electric Furnace, Translation by Lenher,
page 24. Schloesing, C. R.) Moissan showed that the density
of magnesia changed from 3.19 to 3.65 on heating in the electric
furnace. Along with this change in density, Horton has found
a peculiar change in resistance. (Magnesia decreased rapidly in
resistance to about 1,200° C. but at 1,300° C. increases in re-
sistance.) Hence, Prof. Kowalke is asked to discuss the effect
of using magnesia of different densities on temperature of reac-
tion, as well as magnesia prepared in different chemical ways.

W. R. Warrney: I -would ask Prof. Northrup whether the
small variation in figures for alumina depends on its purity,
because in electrical conductivity the question of impurity is very
important. Would impure alumina depart very much from that?

E. F. Norrarup: I measured alundum, which has a binder
in it, and it has a little less resistance. Your question brings
up an extremely important point that must be considered in these
high temperature measurements. Suppose you had water be-
tween two electrodes in a vessel, and the vessel was filled with
sand, and you were to pass current between the electrodes, you
would have no idea of the electrical conductivity of the sand,
for you would be electrically measuring not the sand but the
water. When you bring these oxides to these high temperatures,
the pores or interstices of the oxides are filled, in all my meas-
urements, at least, with a mixture of other things; nitrogen, CO
and free carbon. When you get over 1,500° C. there is always
some free carbon vapor, and you measure the conductance of
the oxide itself, in parallel with the conductance of the gas, which
is by no means insignificant.

Alumina has a resistivity of 40 at 1,550° C. The same space
filled with nothing but CO gas has an electrical resistivity of
8.5 at the same temperature. So a great deal of the conductivity
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is due to the conductivity of the gas'in the interstices qf the
material, and when one reaches these high temperatu.res, this has
to be taken into consideration. You are not measuring the -con-
ductivity of the material itself, you are measuring the copduc-
tivity of the material plus the conductivity of the gas. It is not
a question of a current which will go through a galvanf)meter,
but it is a question of several milli-amperes which will pass

through the gas.

PresipENT LipBury: These magnesia figures you gave, you
stated were not for pure magnesia, but a mixture?

- E. F. Norrarup: Ten percent admixture of magnesium car-
bonate. ‘

PresmeNT LipBury: That might -have had some influence on
the kinks?

E. F. Norrarupr: I do not think that had any great effect
in bringing the resistance down. It was magnesia, plus 10 per-
cent of pure magnesium carbonate.

K. H. Hrrcucock: A good many years.ago I tried the best
Greek magnesite brick I could get as retainer for a granular
carbon resistor in an electric furnace, of that type. where the
resistor surrounded the glass bath, and I found that at a tem-
perature in the resistor sufficient to liquify the glass in the bath,
the magnesite did react with the carbon.

I am not familiar with the experiments of Moissan to which
allusion has been made, but in the ordinary arc furnace the
magnesite would not come in direct contact with the incandescent
carbon, but with either the vapor of carbon, CO or CO,, or
more accurately a mixture of all these gases, which would greatly
affect the reaction to which the magnesite itself would he sub-
jected.

There is another thing about the magnesite brick in connection
with the resistor furnace above alluded to: It was noticed when
any reaction started at a given point in the resistor, the resistor
failed with considerable rapidity, and that these failures were

never general, along the whole line of the resistor, but more
violent in one particular spot.
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Francis C. Frary: I would like to point out one other point:
the possibility of an explanation of the volatilization of MgO.
It is suggested this volatilized as magnesia and as carbide. I
shall show in a paper which is to be read tomorrow® that there
is a sub-oxide of magnesium which is formed by the reduction
of magnesium oxide at temperatures below 1,000 degrees. It is
probable that it would have a different volatility and different
properties from either of the other substances, and might account
for the phenomena observed.

L. E. Saunpers: I think attention should be drawn to the
fact that magnesium oxide has a considerable vapor tension below
the temperatures which the authors of this paper have described;
for instance, at 1,700 or 1,800° C. vapors of magnesium oxide
will be given off when there is no contact with carbon at all,
and probably carbon also has an appreciable vapor tension at the
same temperature. ‘That might account for some of the reaction
products which the authors describe, accounting for them in
another way.

I would call attention to the fact that the authors of the paper
state that the materials used in the reactions were the purest:
attainable. That is rather a presumptuous statement.

! See page z209.
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CLEANING AND PLATING
IN THE SAME SOLUTION

By OLIVER P. WATTS

2l

Although the simultaneous cleaning and
plating of metals in a single solution is
now quite extensively practised, the litera-
ture upon this subject is extremely scanty,
being limited, so far as the writer has
observed, to a few patents and a brief pub-
lished article by Mr. E. G. Lovering.

In spite of the slight attention paid to
this process in the books and periodicals
devoted to plating, it is well worth a trial
by every plater. After a series of experi-
ments in the University laboratories, the
writer believes that the general adoption
of the combined cleaning and plating solu-
tion will prove almost as revolutionary in
plating-room practice as has the electric
cleaner. Once adopted, the plater will won-
der how he ever did his work without it.

Before considering baths for cleaning and
plating in a single operation, it may be well
to devote a few minutes to the electric
cleaner.

It may be news to many here that elec-
tric cleaning of metals for plating by use
of the dynamo current was discovered in
Wisconsin at the State University, but that
such is the case is shown by a report in the
Electrical World for October 29, 1898, of
experiments by C. F. Burgess. Adoption of
the process by platers proceeded very slow-
ly, and it is only in recent years that the
great value of this method of removing
grease from metal has been generally rec-
ognized. K

The principle of operation is simple.
When an electric current is passed through
a solution of any sodium or potassium salt
hydrogen is liberated and a film of alkali
18 produced on the cathode. There is there-
fore a two-fold cleaning effect; the alkali
tends to saponify animal and vegetable
fats, and the hydrogen which is set free
under the grease upon the metallic surface
knocks off particles of grease in its escape.
The higher the current density, the more
rapid and effective the cleaning, because of
the more violent evolution of hydrogen, and

the greater concentration of the film of
alkali produced by the current. If instead
of using as electrolyte a neutral salt, such
as sodium sulphate, or cyanide, which of
itself has no action on grease, sodium car-
bonate or lye be substituted, the chemical
action of these substances is added to the
electrochemical cleaning already referred
to, and the cleaning process is greatly ac-
celerated. Lye also plays the part of a
conducting salt, and greatly lessens the
resistance of the solution. Heat is a great
accelerator of electric cleaning. The tre-
mendous effect of rise of temperature upon
the velocity of chemical action is well
known, and the saponificatien of fats by
alkalies is no exception to the general rule.
Besides increasing the rate of cleaning by
accelerating the action of the alkali pres-
ent in the solution, heating greatly lessens
the resistance and therefore increases the
current. This results in- an' enormous in-
crease in the rate of cleaning by a hot, in
comparison with a cold, electric cleaner.
The use of cold electric cleaners is not to
be encouraged, since 90 per cent. or more
of the possible cleaning power is not uti-
lized at low temperature.

That the regular cyanide copper solution
possesses some cleaning power has “been
known for many years. The reason is ea-
sily seen. When in use hydrogen is always
evolved at the cathode and a corresponding
amount of lye is produced there. This dis-
solving action of cyanide baths on grease; .
under the influence of the current, combined
with their solvent power for many metallic
oxides was probably the reason for the addi-
tion of cyanide to many of the earlier elec-
tric cleaners. Now that it is recognized
that cyanide does mnot help the electric
cleaner in removing grease from metals, its
use has been generally discontinued.

To secure the greatest cleaning power
from the electric cleaner requires a boiling
solution strong in lye and, by the use of
large electric conductors, the delivery of the
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full voltage of the dynamo at the cleaning
tank. For cleaning metals which are at-
tacked by lye, or where the maximum of
cleaning power is not needed, soda ash or
sal soda may be substituted for lye, and the
bath may be operated below the boiling
point.

In order that a plating bath may remove
grease one of two things is necessary—
there must be a vigorous evolution of gas
on the work during plating, or the solution
must be used hot and must contain enough
lye or other saponifier of grease to clean
by chemical action. Most effective cleaning
requires a vigorous evolution of gas in a
hot, strongly alkaline plating bath.

Many of the plating baths now in use
evolve hydrogen vigorously only when
strongly acid, or so weak in metal as to
produce a burnt deposit. Many metals are
precipitated by alkalies, so that a strongly
alkaline solution of them cannot be made.
It is therefore evident that cleaning and
plating in a single solution will be some-
what limited in its application.

Lovering’s formula, previously referred
to, for cleaning and depositing brass, is as
follows:

Lye e i e e e e 8 oz.
Copper carbonate ...............0000.. 2 oz.
Zinc carbonate ....................... 2 oz,
Ammonium carbonate ................. 4 oz,
Potassium cyanide .............. ... 4 oz,
Water ... 1 gallon

For a copper solution he recommends the
same without the zinc carbonate. Both solu-
tions are used at the boiling point and are
claimed to work with great rapidity.

Starting with Lovering’s solution as a
basis, many experiments have been tried in
the University laboratories. It was soon
found that the bath needed more cyanide
than given in the formula, but even with a
great increase of cyanide anode corrosion
was not satisfactory. The presence of lye
caused a coating of copper oxide to form on
the anodes. It was discovered that the ad-
dition of Rochelle salt dissolved this film
and caused excellent anode corrosion, even
at extremely high current densities.

The following is recommended as 2 good
solution for cleaning and depositing copper:

Esngiish L Metric
e Y it 60
40z ...... Copper carbonate .. .... 30 ggmz
8o0z. ...... Sodium cyanide ........ 60 grams
120z, ...... Rochelle salt .......... 90 grams
lgal...... ater ................ 000 c.c.

The addition of 4 oz. of ammonium carbo-
nate will cause a brighter deposit from a
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freshly made bath, but since ammonium
salts are expelled by boiling lye, this addi-
tion is not recommended. Experiments with
this and other solutions have already been
described in a paper presented at the April
meeting of the American Electrochemical
Society, and therefore will not be repeated
here. The solution should be used between
158 deg. F. (70 deg. C.) and the boiling
point at current densities of 60 to 250 am-
peres per square foot.

The fraction of the total current devoted
to cleaning may be controlled by regulating
the amount of free cyanide. An increase
of cyanide causes more vigorous cleaning,
and increasing the current density has the
same effect. Current efficiencies vary from
55 to 90 per cent., depending on the amount
of free cyanide, the current density and the
temperature. The less the current density
and the higher the temperature, the greater
will be the current efficiency. Lye is with-
out effect on the current efficiency.

In comparing rapidity of deposition of
copper from this and other solutions, it
should be noted that a cyanide solution at
50 per cent. efficiency deposits as much
metal as the sulphate solution at 100 per
cent. This fact, together with the low re-
sistance due to the lye, and the very high
current density which may be used without
causing a burnt deposit, all combine to yield
a more rapid deposition of metal than from
any other bath in use to-day.

If a maximum of cleaning and a mini-
mum of plating is desired, this can be ob-
tained by diminishing the amount of copper
and Rochelle salt, and increasing the
amount of cyanide and lye. When it is
desired to have a low current efficiency at
the cathode, the composition of the solution
should be altered in such a way as to keep
the rate of solution of metal from the anode
equal to deposition at the cathode, and thus
maintain the original composition of the
bath—which, in this case, means to dimin-
ish the amount of Rochelle salt—the mate-
rial, which in the presence of free cyanide,
promotes anode corrosion.

Experiments with this solution in plating
sheets of copper, brass, zinc and iron, just
as they came from the polishing wheels,
showed perfect adhesion of the deposit
without the formation of a single blister.
The remarkable power which this solution
Possesses of penetrating surface coatings
of grease and rust, and depositing firmly
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adherent éopper upon the metal beneath,
is strikingly illustrated by the illustration
here presented.

This is the raw material for plating—
a bar of heavily rusted steel picked from
a scrap pile where it had been exposed to
the weather all winter.

Has any plater a solution which he will
guarantee to deposit a thick, firm, adher-
ent coating of metal on this bar with no
preliminary cleaning?

This bar, plated five minutes at 25 am-
peres, and scratch-brushed. The iron rust
had been forced off of the part immersed
in the bath.

A piece was cut with a hack saw after
plating to test the adhesion of the deposit,
which proved entirely satisfactory.

Brass
Experiments with Lovering’s brass solu-
tion resulted in several changes in compo-
sition. One of the first solutions used had
the following composition :
2 oz.

.............. 15 grams
4 0z. copper carbonate ............ 30 grams
8o0z. lye ........... ... ... ... 60 grams
70z. ammonium carbonate ........ 50 grams

10 0z. Rochelle salt ............. " 75 grams

. 17 0z. potassium cyanide .......... 120 grams

lgal. water ................... " 1000 c.c.

At 176 deg. F. (80 deg. C.) this solution
deposited good yellow brass between cur-
rent densities of 50 and 150 amperes per
square foot.
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8 0z, ammonium carbonate 60 grams

7 oz lye TR 50 grams

131 oz. potassium cyanide 100 grams

13% oz. Rochelle salt ....... 100 grams
1 galwater ................00 1000cc

A half-hour’s operation at 176 deg. F. and
62 amperes per square foot gave current
efficiencies of 64 per cent. at the cathode
and 47 per cent. at the anode, while a simi-
lar bath, except for the omission of the
Rochelle salt, showed the same efficiency of
deposition, but an anode corrosion of only
2% per cent. In these brass solutions Ro-
chelle salt has the same beneficial effect
upon anode corrosion as was previously
noted for the copper solution. Its use in 2
hot bath solves the troublesome problem of
the corrosion of brass anodes. The remarks
concerning ammonium salts in the copper
solution apply here, and they should be left
out of the solutions containing lye, which
are to be operated continuously at or near
the boiling point.

The solutions above mentioned are only
two out of many possible combinations of
copper carbonate, zinc carbonate, cyanide
and lye, which will operate at high current
densities and yield good brass deposits.

The best method for the plater to use to
obtain a cleaning and plating solution for
brass,* suited to his particular needs, is to
make up a cyanide copper solution con-
taining lye, heat it at the temperature at
which he intends to use it, and add zine

1

Copper plate directly on rusty iron. Current, 25 amperes. Time, five minutes.

square foot, 240.

This cleaning and plating solution is
more difficult to control than the regular
brass bath since the presence of lye is a
disturbing = factor. Lye, like cyanide,
auses an increase in the proportion of zinc
in' the deposit, and since the presence of
both of these substances is necessary for
vigorous cleaning, this solution, unlike the
regular brass bath, should contain much
more copper than zine.

The large amount of cyanide required by
this bath in order to obtain a satisfactory
color constitutes a serious objection to its
use, and other combinations were tried.
One of these, which gave an excellent de-

Pposit between 30 and 90 amperes per square
foot consisted of—

4
1% 0z. copper carbonate

30 grams
0z. zinc earbonate

12 grams

Amperes per

Both ends of rod similar when immersed in plating solution.

carbonate in very small quantities until the
desired quality of brass is obtained.. In-
creasing the quantity of lye in the original
copper solution will lower the amount of
cyanide and of zinc needed to yield a good
yellow brass. Too little free cyanide will
result in poor anode corrosion, even in the
presence of Rochelle salt. '

This procedure resulted in a good solu-
tion of the following composition:

25 oz. copper carbonate ........... 20 grams
8 0z Iye ... e 60 grams
7 oz sodium cyanide ............ 50 grams
14 oz. zinc carbonate ............. 2 grams

1 gal.water ...................... 1000 c.c.

At 176 deg. F. and 36 to 56 amperes per
square foot, this solution gave an excellent

*For the facts concerning the brass solutions
the writer is indebted to Mr. R. E, Baker,.
scholar in chemical engineering during this year
in the university. - :
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deposit. Like the copper bath, it has re-
markable cleaning power and in 8 minutes
at 370 amperes per square foot produced
a fine deposit through heavy rust.

Nickel

For a year past many experiments have
been tried in the University laboratories in
the hope of discovering a solution for
cleaning and plating with nickel. At the
outset this looked like an easy task, for it
appeared only necessary to add lye to a hot
solution of nickel sodium cyanide. On trial
this solution cleaned effectively but depos-
ited a mere color of nickel, too thin to be
useful.

Glucose is one of several substances other
than cyanide which prevent the precipita-
tion of nickel solutions by alkalies. A hot
nickel solution containing glucose and lye
proved to be an effective electric cleaner,
and gave a nickel deposit of a fine color,
but like that from the alkaline cyanide solu-
tion, it was too thin to be of service. A
half-hour’s deposition at 52 amperes per
square foot gave a current efficiency of only
one-tenth of one per cent. The substitution
of sodium carbonate for the lye did not
change the result.

Failure to succeed with alkaline solutions
directed attention to acid baths, and some
degree of success has been achieved with
the following solution:

13 o0z nickel ammonium

sulphate ............ 100 grams

215 oz. sodium chloride ....... 20 grams

11% oz. sodium citrate ........ 10 grams

83 tol oz citric acid ........... 5 to 7 grams
1 gal.water ................ 1000 c.c.

Exact proportions are not necessary, the
only need being enough acid to cause a vio-
lent evolution of hydrogen on the cathode.
The bath must be boiling, and current den-
sities of 40 to 250 amperes per square foot
may be used. This solution has no solvent
power for grease, and for cleaning depends
entirely uponi the mechanical action of hy-
drogen. Although its cleaning power is
far less than that of the copper and brass
solutions, it has been possible to give a
sheet brass twelve successive coats of
nickel, each deposit being polished on a
muslin buff with tripoli and immediately
returned to the bath for the next coat. This
solution may have some value for re-plating
nickeled articles without stripping the origi-
nal deposit. It is at present the only solu-
tion which the writer can offer as a com-
bined cleaner and plater for - nickel.
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As containers for the copper and brass
solutions iron or steel tanks should be’
used, with an exhaust hood over each to
carry off the poisonous spray thrown up
by the escaping hydrogen. Ample current
should be provided in cables, tank rods, and
sling wires. On account of the great evap-
oration from boiling solutions, it will prob-
ably prove most satisfactory to sacrifice
something in rapidity of action by operating
the baths below the boiling point.

There is a very general opinion that com-
bined cleaning and plating solutions are
only suited to thin deposits. This is a nat-
ural, though mistaken view. The combined
solutions for brass and copper can be made
to deposit metal more rapidly than is pos-
sible in any of the regular plating baths,
and are particularly suitable for heavy de-
posits. Blistering of deposits on iron, which
is a common complaint of platers using the
regular brass and copper solutions, has
never occurred with the combined baths.

The only question as to their general
adoption would seem to be in regard to
the more rapid fouling of the solution by
the dirt, which in the old method was re-
moved in the cleaning tank and so kept out
of the plating bath. Whether this will out-
weigh the saving in time and labor made
by the single bath is for the practical plater
to decide. Should this fouling of the solu-
tions prove a serious matter, the bulk of the
dirt may be removed by a few seconds’ im-
mersion in a hot electric cleaner, and the
cleaning-and-plating bath may then be re-
garded as only an extra-rapid plating
solution that is guaranteed to give a de-
posit which, like that oft-quoted smile, will
not come off.

As an addenda to the foregoing, I ought
to state that in discussion with two mem-
bers of the Chicago Branch I was in-
formed that the combined cleaning and
plating solution had been tried, but its use
abandoned because of excessive consump-
tion of cyanide. In view of these state-
ments, it will be well for those who try this
process to note carefully the cyanide con-
sumption of this bath in comparison with
that of the number of regular copper or
brass baths required to do the same amount
of work. Lowering the temperature will
probably lessen cyanide consumption.

It may be well to call the attention of
platers to the conditions under which most
experimental work in plating must be per-
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formed in the laboratories of educational
institutions. In most cases research is not
regularly provided for on the program, but
must be done at such hours of the day or
night as are left after all other demands
upon one’s time and energy have been met.
Although an investigation may extend over
many months before the final results are
announced, the actual number of hours
that the successful solution has been oper-
ated is rarely equivalent to a week’s use
under plating-room conditions. The col-
lege experimenter can rarely afford either
the time or the material to give his sup-
posed discovery the test of eight hours’
operation daily for a period of six or eight
months. . It is not surprising then that
laboratory processes often fail when put
to the test of long-continued operation in
the plating shop.

Yet it will never do for the plater to be-
come discouraged and cease trying the proc-
esses and methods announced from the
laboratory.  Progress is possible only
through the substitution of better methods,
processes and solutions for those now in
use. The chaff must be sifted from the
wheat, and the plater is the man who must
do the sifting. Having done this, it is his
duty to report his results in print, not only
to call attention to valuable processes, but
to save scores of others from wasting their
time in trying that which has proved use-
less. A single report of failure should not,
however, be regarded as final. There are
those in whose hands nothing new ever
succeeds.

—

When aluminum was first introduced in
brass foundry practice it was tried in all
kinds of mixtures, to the sorrow of the
founder, and it ultimately earned the title
of the brass founders’ curse.

And in later years, even after the foun-
dryman had become wary, he was frequently
careless, and in melting and casting alumi-
num would get it into the brass, where a
;’ery little would cause a vast amount of
rouble; and it was considered a difficult
"atter to remove it, in fact almost impos-
sible, and such spoiled brass became quite a
Problem to use up.

—_—

Summarizing conditions that have been

created by war orders, The Iron Age says

the great war business is gradually ex-
panding,
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Magnesium Made Electrolytically

Metallic magnesium is to be manufac-
tured electrolytically by the Aviation Ma-
terials Corporation, 99 Cedar Street, New
York, which has been incorporated under
the laws of New York State. The plant
will be located at Niagara Falls, N. Y., and
it is expected it will be completed in June.
It will operate under the patents of George
O. Seward and F. von Kiigelgen, who de-
veloped the process at the Virginia plant
of the Virginia Electrolytic Company, Hol-
combs Rock, Va. The output is expected
to be 10 tons of metallic magnesium per
month. Besides being a constituent of some
important alloys, magnesium is a beneficial
addition to aluminum castings, as much as
2 per cent. often being used. An alloy con-
taining 98 per cent. magnesium has been
made by the inventors mentioned, which is
lighter than aluminum and stronger. The
average market price of metallic magnesium
is $1.50 per Ib.

A Cheaper Substitute for Fuel Gas

The gases commonly employed in au-
togenous welding and cutting are oxygen,
acetylene and hydrogen, all of which are
expensive products. The average cost of
oxygen throughout the United States is
probably not less than $0.025 per cubic foot
measured at atmospheric pressure; the av-
erage cost of acetylene probably ranges
from $0.0075 to $0.01 per cubic foot, and
the cost of hydrogen may safely be placed
at about the same figure. These figures are
compiled by J. F. Springer in Machinery.
Apparently no one has yet devised a system
of oxygen manufacture that will enable this
gas to be inexpensively produced. How-
ever, there appears to be a likelihood of
heavy reduction in the cost of the fuel gas
used in autogenous welding—not through a
reduction in the cost of acetylene or hydro-
gen, but through the discovery of an ade-
quate substitute for these gases. This sub-
stitute is a semi-natural gas obtained from
the waste gas from oil wells, and is known
as “gasol.” It can be produced at about
$0.001 per cubic foot, and its heating ca-
pacity is even greater than that of acety-
lene. Other things being equal, this gas
selling for $0.0008 to $0.001 per cubic foot

should have a considerable market.
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Nickel Solutior For Nickel Bath .
QUESTION No. 46.—Please state ingredi-
ents and quantity for good nickel solution
for nickel bath; also a good trisalyt of
copper solution for depositing on wood
plaster, plaster of paris and galvanic work.
ANSWER.—

1. Water .................. 1 gal.
Double ni. salt ........... 8 oz.
Single ni. salt «.......... 1 oz.
Sal ammoniac ........... 1 oz.
Boracie acid ............. 6 oz.

Use hot water in making up solutien,
but solution must be cold when plating.

2. The manufacturers of trisalyt, The
Roessler & Hasslacher Chemical Co., will
supply you with formule for using trisalyt
on applicaticn.

Brands of Spelter and Analyses

QUESTION No. 47.—We would be very
glad to have information regarding the dif-
ferent brands of spelter, with approximate
analysis of each.

ANSWER.—The American Society for
Testing Materials divides commercial spel-
ter into four grades, the specifications for
each grade being as follows:

High grade spelter shall not contain over

Lead ............. 0.07 per cent
Iron ............. 0.03 per cent
Cadmium ......... 0.05 per cent

The sum of these impurities shall not ex-
ceed 0.10 per cent.

Intermediate spelter shall not contain
over

Lead ............. 0.20 per cent
Iron ............. 0.03 per cent
Cadmium ......... 0.50 per cent

The sum of these impurities not to ex-
ceed 0.50 per cent.

Brass special spelter shall not contain
over

Lead ............. 0.75 per cent
Iron .............. 0.04 per cent
Cadmium ......... 0.75 per cent

..The sum >f these impurities shall not

"“éxceed 1.2 per cent, and no aluminum is

QQESTIONS AND ANSWER
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All communications under this head should be
1 4 : »
addressed to the “Questions and Answers Editor

.allowable in any of the above spelters,
Prime western spelter shall not contain
over
Lead 1.50 per cent
Iron 0.08 per cent
All the various brands of spelter on the
market fall under some one of the above
grades. High grade brands are very dif-
ficult to obtain at present. Such brands as
Horsehead, Bertha, and Golden Rod, for-
merly used in the manufacture of high
grade manganese bronze are now unattain-
able, while even Franklin, which runs as
high as 0.50 per cent lead occasionally, is
very difficult to obtain at present.

.............

.............

Formula Does Not Have Claimed Proper-
ties

QUESTION No. 48.—I have a formula that
is said to be a malleable and non-corrosive
metal when properly melted. I have tried
several times and have been burned almost
as often. The zinec or antimony is what
apparently causes the trouble. It flares up.

Can you give me any idea as to how I
should proceed to make this alloy? I have
at my shop a small cupola, also crucible
coke as well as tilting oil furnace.

This alloy calls for pig iron, 50 Ib.;
sodium, % Ib.; copper, % Ib.; antimony,
% 1b.; zine, 2% Ib.

The directions state that by omitting the
sodium and decreasing the quantity of zine
a softer iron is obtained. Also tell me what
this formula means by sodium. There are
so many kinds.

ANSWER.—We fail to see how the formula
in question can possess any of the proper-
ties ascribed to it, and we strongly advise
that no further attempts to make it be
tried. It is dangerous to attempt to alloy
zinc and cast iron, as they combine with
explosive violence, and are of no value when
alloyed. It is a mistake to assume there
are many kinds of sodium; there is only
one “sodium,” and this is a metal very
dangerous to handle by the uninitiated. It
is probably very fortunate that the metal
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RAPID NICKEL PLATING.

By Owuiver P. Warrs.

During the greater. part of the half century that nickel plating
has been practiced, platers were content to follow in the footsteps
of their forefathers and deposit nickel at the snail’s pace of three
to five amperes per square foot. A few years ago “rapid nickel
salts,” claimed to permit of nickeling at two to three times the
usual rate, were imported from Europe. These proved to be only
mixtures capable of yielding more concentrated solutions than
that enemy of progress, the “double sulphate,” which for so.long
has .masqueraded- as the plater’s friend. The American plater
soon learned how to make up his own rapid solution, and .as a
result nickeling at ten to twenty amperes per square foot is very
common today. - :

The most recent step in rapid nickeling, if nickel’s twin-brother
and rival, cobalt, may be included in this category, is the retnark-
able work of Kalmus and Barrows® in plating with cobalt:at: 150
amperes per square foot, turning out commercial plating of high
grade in three minutes. ‘

These achievements with cobalt suggested the desirability of
obtaining similar effects” with the cheaper nickel solution. In so
far as the wonderful results of cobalt solution XIIIB depend
upon its extreme concentration (312 grams of anhydrous cobalt
"s’ulphate, equivalent to 585 grams of the crystallized salt; per-litér,
or'7%4 pounds per gallon) it should ‘be possible to duplicate thetn
‘with'nickel, since its salts are equally soluble. It is in the matter
of anode corrosion and in its absorption of hydrogen? that nickel
is inferior to cobalt as a 'metal for électro—plating. .

The nickel anode becomes. “passive” on the slightest provoca-
tion, and instead of all of the current dissolving nickel as is desired,

! Trans. Am. Electrochemical Society (1915) 27, 75.

2ldem. (1915) 27, 121.
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a portion of it is spent in producing acid at the anode. Besides
cutting down the efficiency of deposition, this acid causes hydrogen
to be evolved in considerable quantity on the cathode, where some
of it is absorbed by the deposit. Absorption of hydrogen by nickel
renders it hard and brittle, and is likely to cause it to curl away
from the metal on which it is deposited. The addition of a small
amount of some chloride to the sulphate solution usually used for
nickel plating is a well-known remedy for this passivity of the
anode.

Previous experience with hot nickel solutions indicated their
use for overcoming the difficulties just mentioned, since in a hot
solution anode corrosion is greatly improved and absorption of
hydrogen is lessened.

A 25-gallon (95 liter) hot nickel bath was used at 125 to 150
amperes per square foot (14 to 16 per sq. dm.), with great satis-
faction, producing in five minutes a heavier deposit than is
obtained in an hour from the usual “rapid” bath at ten amperes
per square foot. In spite of the extreme current density the
deposits were superior in quality and adherence to ordinary nickel
plate. Since the electrical instruments and current supply were
inadequate for working this bath to its full capacity, a portion

was removed to an enameled pail where it could be tested on
small cathodes.

This solution contains nickel sulphate (single salt), nickel chlor-
ide, and boric acid in the following proportions:

Grams | Liter  Oz. Gallon

NiSO.7H.0 ...........oee. 240 32
NiCL.6H.O ................... 20 3
HBOs ..., 20 3

At the outset the anodes.were the same that have been used
in the plating laboratory for a number of years, wviz., strips of
electrolytic nickel. Later cast anodes of the same material were

employed. Results of some of these tests are presented in tabular-
form,

) Amperes Ampere-
T
mp T TR ool TR o
No. 10 67 153 5 31.7 295 24.5 Fine.
No. 48 71 160 5 47.6 422 28 Good.
ﬁg. 52 g% 1?173 ; 922 898 14.8 Fine.
X . 4 3 Fine.
No. 5 25 77 6 14 130 6.5  Mat, polishes well.
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In no case was the deposit “burned.” In No. 5 there was a
vigorous evolution of gas, indicating a low current efficiency of
deposition. Deposits from the hot solution were mat, but polished
easily.

It is a matter of general observation that electrolytic deposits
become rougher with increasing thickness ; when comparing differ-
ent plating baths it is therefore desirable to know the thickness
of the deposits as well as their physical qualities. For the same
current efficiency, the thickness of nickel deposited will be propor-
tional to the ampere-hours per unit of surface. By a comparison
of the ampere-hours per square foot in the accompanying tables,
the relative thickness of different deposits may be estimated. At
100 percent efficiency one ampere-hour per square decimeter de-
posits 0.0123 mm., and 10 ampere-hours per square foot deposits
0.00052 inches, or 0.001 inch in thickness requires 19.2 ampere-
hours. One hour at ten amperes per square foot, or ten ampere-
hours, is considered good nickeling, and a common cobalt deposit
by Barrows was 150 amperes per square foot for three minutes,
or 7.5 ampere-hours. Judged by these standards the results shown
i~ the tables are heavy deposits.

In order to secure samples from hot and cold solutions for
direct comparison polished aluminum cathodes were used, from
which the nickel was easily stripped.

DEPOSITS ON ALUMINUM.
Amperes Ampere-

* Temperature Time per Hours per .
Exp. co Min. Sq. Dm. Sq.Ft. Sq. Ft. Deposit
No. 12 74 165 20 189 176 60.3 Fine, mat.
No.14. .35 95 12 117 109 .226 Rolled up, brittle.
No.15 38 100 22 82 76 279 Mat, tore in buffing,
No. 49 71 160 5 242 225 187 Fine.
No.50... 78 172 10 307 285 476 Fine,

0.002 inch (0.05 m'm.) thick.

No.53 98 208 25 152 141 60 Five successive deposits.
Plating on aluminum brought out the difference between deposits
from cold and from hot solutions. An excellent deposit was ob-
tained from the hot solution in every case, which bore polishing
without peeling from the aluminum, and when stripped from the
latter proved of excellent physical quality. Most of the deposits
from the cold solution rolled up and partly separated from the
cathode while in the plating bath, and in the few cases where this
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did mot happen the deposit was torn during polishing. No. .53
consisted of five successive deposits for five minutes, each coating
being polished and immersed in the electric cleaner for Fen seconc!s
before re-plating. It is 0.0025 inch (0.06 mm.) thick, and is
harder than the usual deposit from a hot solution.

Current efficiency tests were made by reading the current on a
Weston model No. 280 ammeter, and determining the weight of
metal deposited in five or six minutes. Since a difference of three
seconds changes the weight of a five minute deposit by one percent,
the results are subject to an error of at least this magnitude.
Current efficiencies above 90 percent are obtained in the hot solu-
tion at 20 amperes per square decimeter (190 amp. sq. ft.). Itis
evident from the tests that heating the solution and lowering the
current density raises the current efficiency.

CURRENT EFFICIENCY TESTS.

Amperes Ampere- Cathode
Temperature Time per Hours per i 8

Exp. Cce Fe Min. Sq. Dm. Sq.Ft. Sq. Ft. Percent
No. 11 45 113 6 311 289 289 89.6

No.13 29-40 84-104 6 31.1 289 28.9 194
No. 16 60-70  140-158 1 8.6 80 17.3 100.9
No.46--  25-28 77-82 194 180 15 317
No.48 . . 91-84  196-183 - 95 88 74 98

No. 51 77-73  171-163 264 245 24.5 100.5
No. 52 76-84  167-183 513 477 47.7 9.2

Polarization at the end of No. 52 was only 0.16 volt. Measure-
ments of polarization at 70°C. (158°F.) gave 0.15 volt at current
densities varying between 13 and 26 amperes per square deci-
meter, (121-242 amp. sq. ft.). It is therefore probable that hot
nickel solutions can be operated at high current densities with less
anode surface than is at present used for current densities of
10-amperes per square foot.

“In experiments with a solution containing 75 grams per liter
(10-0z. per gallon) of the “double sulphate” two and a half times
the current was required to cause burning at 70°C. (158°F.) that
produced this effect in a cold solution, the weight of metal de-
posited: being the same in the two cases. ‘This indicates that
concentration of metal is a greater factor in permitting the ex-
trémely high current densities used in these hot solutions than is
the temperature. -The beneficial effect of heating -a nickel solution

ANt W
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consists in the improved quality of the deposit, and in better anode
corrosion. To avoid convection currents the flame by which the
solution was. heated was removed at the beginning of each test.
At the higher current densities there is noticeable heating of the
solution by the current.

A nickel solution that is extensively used consists of the single
sulphate, boric acid, and common salt. In order to learn if the
substitution of common salt for the nickel chloride of the labor-
atory plating bath would cause any marked difference in its
operation the following solution was tested :

Grams | Liter Oz. | Gallon

Single sulphate ................ 240 32
Sodium chloride ............... 30 4
Boricacid ..................... 22 3

TESTS OF BATH WITH SODIUM CHLORIDE,

Amperes Ampere- Cathode
Temperature Time per Hours Eff. .
Ce F° Min. Sq. Dm. Sq.Ft. Sq.Ft. Percent Deposit

19 177 147 256 Good.
196 184 15.3 82.3 Burned one edge.

208 193 16.1 828  Burned one edge.
202 187 9.3 - Fine.

253 234 15.6 - Burned.

Exp.
No.42 .32 90
No. 43 71 160
No.44 76 169
No.86c 84 183
No.68d 78 172

S Wit n

Although this solution gave fine results, it is inferior to the
bath containing nickel chloride, in not permitting the use of so
high a current density.

To make up the bath with nickel chloride proceed as follows:
Dissolve the nickel salts in the proper amount of hot water, add
nickel carbonate in small amounts at a time and heat until all acid
is neutralized ; either filter or allow to settle and decant the clear
solution, and finally add the boric acid.

In sq far as anode corrosion is concerned, any soluble chloride
Mmight be substituted for the nickel chloride, but not without some
effect on the character of the deposit. Magnesium chloride or
sodium chloride seems to be preferred for this purpose. In case
either of these is used, neutralizing might well be done by the
carbonate of the same metal. Ammonium salts and the “double
sulphate” of nickel are to be avoided, since they are likely to cause
crystallization from the solution when cold.
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T'o obtain the best results from a hot solution the current density
must be high; cables and tank rods must therefore be of ample
capacity. Control of a hot solution by regulation of the amount
of anode surface will probably be easier than in a cold bath. The
heating coil should be of heavy lead (or hard lead) pipe, with a
settling space of five or six inches below the lowest coil ; lead will
also serve as a lining for the tank. If an electric cleaner is oper-
ated from the plating dynamo, either the heating coil should be
electrically insulated, or all rheostats should be connected on the
cathode side of the line. Should gas pitting occur on first using
the solution in the morning, it may be avoided by heating the bath
to boiling for a few minutes before beginning plating. Seventy
degrees centigrade (158°F.) is a good temperature at which to

- operate a hot nickel bath.

Owing to the peculiar properties of electrolytic nickel, the ad-
vantages of a hot over a cold solution are greater in nickel plating
than in the deposition of any other metal.

ADVANTAGES OF A HOT OVER A COLD NICKEL SOLUTION.

1. Heating from 25° to 70° C. (79° to 158° F.) lessens the
resistance of the solution one-half.

2. The current density may be increased two and a half to three

fold.

3. The current efficiency, if less than 100 percent in the cold
solution, is raised.

4. Anode corrosion is greatly improved, and higher current
densities may be used at the anode as well as at the cathode.

5. The deposit is superior to ordinary nickel plate in toughness
and freedom from peeling.

6. In the solution tested, plating may be done at 200 to 300
amperes per square foot (22 to 33 per sq. dm.), at which rate
the same amount of metal is deposited in five minutes as requires

one and a half hours in the “rapid solutions” now in use at ten
amperes per square foot.

Laboratory of Applied Electrochemistry,
University of Wisconsin.
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DISCUSSION.

C.G.FINk: A year ago, at Atlantic City, Dr. Kalmus presented
a paper on cobalt plating and the results he obtained, in particular
with solution No. 13-B, were so remarkable, and the tests of the
plating were so good, that many concerns have adopted cobalt in

preference to nickel. Now Dr. Watts comes forward and saves
the day for nickel.

PReSIDENT AppIcKs: I might repeat the remarks I made a few
minutes ago on the other paper. It seems to me impossible to use
in practice the rates of deposition recommended in the paper, and
I would not think they would be commercial unless the power is
almost an insignificant item. I suppose the plating plants have
industrial power costing several cents a kilowatt-hour.

G. B. Hocarooy: They are using this solution in a large
plant in Wichita, Kansas, doing some work on lamp bodies, which
are rotated very fast, about 1,000 r. p. m., and the deposit is very
good. The cost is small considering the amount of work that
can be turned out, but the disadvantage is that what is known as
white nickel deposit, such as you see on stoves, cannot be obtained
in hot solutions, the white in the deep parts has a tendency to turn
yellow, which counts against it for such work.

J. C. WoobrUFF: The cost of current is small in the cost of
plating. The baths are large, the amount of metal tied up in the
anodes is considerable, and the cost of preparation of the surface
and handling of the parts makes up a great deal of the total cost
of the finished article. '

G. A. Rousu: The saving of time in turning articles out in a
few minutes instead of an hour or an hour and a half, largely
counterbalances the extra cost of power.

After the Atlantic City meeting last year, manufacturers in
our neighborhood who do nickel plating asked me what I could
tell them about the Kalmus proposition of cobalt plating, what I
thought of its permanence, and the possibilities of its replacing
nickel. 1 told them that I did not think it would replace nickel to
any great extent, but that I thought the greatest factor would be
the search for methods which would speed up the nickel plating

26
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and make the nickel bath do the work they had expected cobalt
to do.

'J. W. Ricaaros: Your remark, Mr. Chairman, about the im-
possibility of such high current densities in practice does not apply
to the ordinary plating bath, because it is a large bath with a
cqmpafatively small number of amperes going through it, as com-
péfed with a metal refining bath, which is absolutely full of anodes
and cathodes. Furthermore, if it is desired to work at a tempera-
ture, of, say, 70° F. (21° C.), the current is useful in keeping the
bath at that temperature, and if the bath became overheated a
simple device could be used for reducing its temperature, as by
circulating the solution outside and thus cooling the bath if it had
a tendency to get too hot.

It is my impression-that since the appearance of Dr. Kalmus’s
paper in our Transactions last year it has had a most important
effect on the nickel plating industry, in speeding up the work.
Mr. Hogaboom knows about that so much better than I do, that
I would like to ask him if there has not been more or less of a
revolution in the nickel-plating industry in the last year in that
respect?

G. B. HocABooMm : It is as Dr. Richards states ; nickel plating
is being speeded up, and is probably due directly to the deposits
which can be obtained from the cobalt solution. However, cobalt
solutions are not giving the satisfaction, generally, that is imag-
ined ; there are some drawbacks to it. You cannot get the white
deposit. The deposit stains very rapidly, and does not have that
pure whiteness that nickel has. If it is used on work that is to be
heated like electric flat-irons it tarnishes very rapidly, and you
cannot remove the tarnish. That works against it, and the price
of cobalt is pretty high just now, $1.50 per pound. ‘

JosErr W. RicHARDS: Has the fast nickel plating been satis-
factory?

G. B. HocaBooMm : It has not been entirely satisfactory, because
the solution becomes alkaline so rapidly that it gives the dull
deposit. That is the disadvantage of hot nickel solutions. Just
as soon as you get a solution alkaline, the deposit becomes dull ;

and if you keep it on the acid side, then the deposit is usually
brittle, and will not adhere. '
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A. G. GiBs: If there is any great gain in fast nickel plating
the alkali could be removed as formed, by a little diaphragm cell

placed in the circulating system. This operates commercially in
another process.

O. P. Warrs (Communicated): In discussing the cost of
power for-rapid plating one important point appears to have been
overlooked. Six volts is the standard pressure for plating dyna-
mos, and in cold nickel solutions as now operated at 2 to 3.5 volts,
67 to 41 percent of the energy is wasted in the rheostat. So long
as the plater gains the extra voltage needed for rapid plating by
diminishing the resistance of the rheostat or entirely short-cir-
cuiting it, the additional power consumed in his plating tank is
not costing him a cent; he is only utilizing energy which was
formerly wasted. In most cases it will probably not be desirable
to plate more rapidly than 70 to 100 amperes per square foot,
for which 54 to 6 volts should suffice. It was the purpose of this
paper to acquaint platers with the possibilities of a hot, strong
nickel solution for rapid plating ; the particular temperature, con-
centration of solution and current density for the best results
in practical plating can only be determined by experience.

It should be possible to maintain the necessary slight acidity by
regulation of the anode surface, and of the amount of chloride

~in the solution. So far, with electrolytic anodes, my difficulty has
been to prevent the bath from becoming too acid. This was over-
come by putting in more anodes and by increasing the amount of
nickel chloride.

When using a solution so acid that no nickel could be obtained
from it at 20° C., heating to 70° C. caused a good deposit. The
rise in temperature might be expected to cause an increase in the
rate of corrosion of the deposited nickel, due to greater activity
of the acid. Will some one explain the anomaly?
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THE PROTECTION OF IRON BY ELECTROPLATING.

By Oriver P. Warrs anp Paur L. DeVErTEr.

Although nickel-plated iron is satisfactory for use indoors,
when exposed to the weather it almost invariably rusts. Brass-
plated steel is extensively employed for the cheaper grades of
builders’ hardware, but is even more unsatisfactory than nickel
plate for out of door use. In reply to an inquiry concerning the
possibility of a durable brass plate on steel for use out of doors,
The Metal Industry* says, “An electro-deposit of zinc on steel or
iron is the only one that will withstand atmospheric conditions for
any length of time, and a demand is now being made for hardware
that has received an electro-deposit of zinc before being plated
with any other metal for ornamental purposes, such as nickel,
copper, brass or bronze. This double coating gives good service
and is the only satisfactory one for hardware which is exposed
to the weather.” ,

The superior protective action of electro-galvanizing in com-
parison with deposits of other metals on iron is well recognized.
This has generally been ascribed to voltaic action; whenever a
hole is broken or worn through the plating a voltaic cell is formed
between the metallic coating and the exposed irof. If the coating
consists of a metal which is electro-positive to iron, the latter is
cathode and is protected from corrosion, but if the coating is
electro-negative to iron this becomes anode, and is corroded worse
than if the “protective coating” were entirely absent. FExamination
of tables of potentials of the metals shows that, of the metals
which can be satisfactorily plated out of aqueous solutions, only
zinc and cadmium are electro-positive to iron. Since cadmium is
not used for commercial plating on account of the expense, zinc
Temains as the only electroplate which can protect iron by voltaic
or galvanic action. Theory and practice appear to be in harmony.

* Metal Industry, 1915, p. 469.
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‘Galvanic action requires that two unlike conductors be in elec-
trical connection with each other and with an electrolyte. So. long
as the iron is completely covered by the electroplate the.re is no
opportunity for voltaic action, either corrosive or protectl.ve, and,
so far as rusting of the iron is concerned, it is immaterial what
metal constitutes the coating. The protection of iron by deposits
of zinc and its universal rusting when plated with other metals
seems to indicate either that electro-deposits of zinc are less porous
than those of other metals, or that in the thickness used commer-
cially all electro-deposits are porous, or on exposure soon becolee
so, and thus the superior protection by zinc is due solely to its
galvanic action.

To investigate the porosity of electroplating, and to determine
the protection afforded to iron by deposits of different metals, a
series of experiments has recently been carried out in the electro-
chemical laboratory of the University, and it is thought that these
are of sufficient interest to electroplaters to merit publication.

THE PROTECTION OF IRON BY DEPOSITS OF NICKEL, COPPER AND
BRASS.

Since it is generally conceded that commercial plating with
these metals does not protect iron from rust, it was decided to try
much thicker deposits than those usually employed. A company
which makes great quantities of an article in daily use by millions
of people specifies ten milligrams of nickel per square inch as the
minimum for good deposits, and fifteen for their heaviest plate.
The latter corresponds to an average thickness of 0.00348 mm. or
0.000137 inches, and requires an hour at five amperes per square
foot for its deposition. For indoor use this deposit stands well the
constant handling to which these articles are subjected. The
deposits of the tables which follow range from this thickness to
ten and in a few cases even twenty times heavier.

Strips of sheet iron were pickled in sulphuric acid to remove
scale, cleaned in the electric cleaner, dried, weighed, returned to
the electric cleaner for a few seconds, rinsed, and hung in the
plating bath. After plating the strips were reweighed, and the
average thickness of the deposit calculated. The brass and copper
deposits were made from hot cyanide baths containing caustic
soda ; the zinc solution consisted of the sulphate and a little chlor-
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ide; the nickel was plated from a rapid solution recommended by
the writer?, which was used hot except for two samples. The
conditions of deposition are given in Tables I to IV.

Time
No. Min. Temp.
1 55 Hot
2 10 Hot
4 15 Hot
6 30 Hot
7 60 Hot
41 150 Hot
Time
No. Min. Temp.
36 3 Hot
3 10 Hot
5 15 Hot
9 45 Hot
8 75 Hot
42 120 Hot
46 180 Hot

No. Min, Temp.

21 4 Hot
19 1 Cold
14 3 Cold
10 5 Cold
11 12 Cold
13 30 Cold
12 25 Cold

No. Min, Temp.

30 20 Cold
25 10 Cold
31 15 Hot
3 9 Cold
29 20 Hot
2 25 Hot
4 4 Hot
4 180 Hot
45 165 Hot

*Trans. Am. Electrochem. Soc. (1916) 29, 126.

Tasrg 1.
Brass Deposits on Iron.
Thickness Cur. Eff,
Amp./dm.2 Inches m.m. Amp.Hrs./dm.? Percent
11.5 0.00028 0.0071 1.0 26.7
115 0.00061 0.0155 19 30.1
12.3 0.0008 0.0203 3.07 25.5
12.6 0.00228 0.059 6.3 33.1
8.75 0.00327 0.0832 8.75 33.9
80 0.00607 0.1543 200 34.5
TaBLE II.
Copper Deposits on Iron.
Thickness Cur. Eff,
Amp./dm.? Inches m.m. Amp.Hrs./dm.? Percent
7.32 0.00027 0.0069 37 58.2
6.83 0.00096 0.0245 1.12 712
6.83 0.00099 0.0251 1.58 51.8
5.55 0.00129 0.0327 41 319
5.68 0.00271 0.0689 7.1 39.1
3.25 0.00248 0.063 6.5 33.1
3.27 0.00686 0.1745 9.81 60.8
Tasre III.
Zinc Deposits on Iron.
Thickness Cur. Eff.
Amp./dm.? Inches m.m. Amp.Hrs./dm.? Percent
4388 0.00019 0.0049 0.32 716
14.7 0.000196 0.0050 024 97.4
13.25 0.00043 0.0109 0.66 85.3
13.65 0.00077 0.0195 1.14 86.2
125 0.00103 0.0263 23 63.1
9.55 0.00237 0.0603 477 60.5
14.7 0.00266 0.0667 6.1 52.0
TaBLE IV.
Nickel Deposits on Iron.
Thickness Cur. Eff,
Amp./dm.2 Inches m.m. Amp.Hrs./dm.? Percent
1.3 0.00016 0.0042 043 45.5
23 0.00022 0.0055 0.4 51.0
4.85 0.00069 0.0176 12 78.5
1.0 0.00091 0.0231 1.5 62.5
5.28 0.00102 0.0255 1.76 720
6.48 0.00146 0.0371 2.7 63.5
72 0.00249 0.0633 48 550
423 0.00598 0.152 12.75 48.1
5.56 0.00702 0.178 15.05 427
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The samples were placed in wood racks, exposed to the weather,
and examined occasionally for their appearance in regard to rust,
The results are shown in Tables V to VIII.

RESULTS OF WEATHERING.

TaBLe V.
Copper-plated Iron.
i ired f ti
No. Amp. Hrs./dm.? T?leccli:’xgss S}?:gts g gggteor‘;ue;y %ﬁd
36 0.37 -0.00027 8 10 14
3 112 0.00096 47 73 88
5 1.58 0.00099 47 73 88
9 41 0.00129 47 73 88
8 7.1 0.00271 67 88 ..
42 6.5 0.00248 No rust in 70 days.
46 9.81 0.00686 No rust in 70 days.
TaBLE VI.
Brass-plated Iron.
hi D ired f ti
No. Amp. Hrs./dm.2 Tl:lccll?e;ss Sliga f rﬁ:&:ateor\;ue:y%gd
1 0.98 0.00023 20 32 73
2 19 0.00051 46 73 88
-4 3.07 0.00066 47 73 88
6 6.3 0.00228 53 73 88
7 875 0.00327 33 73 88
41 20.0 0.00607 Tarnished, but no rust in 70 days.
TasLE VII.
Nickel-plated Iron.
Thickness Days required for rusting
No. Amp. Hrs./dm.? ~Inches Slight N?oderate Very bad
30 0.43 0.00017 9 19 40
25 0.4 0.00022 9 19 40
31 1.21 0.00069 - 12 19 53
33 1.5 0.00091 19 40 73
29 1.76 0.00102 19 40 73
32 27 0.00146 Tarnished, but no rust in 122 days.
34 4.8 0.00249 Tarnished, but no rust in 122 days.
4 12.75 0.00598 Bright, not even tarnished in 70 days,
45 15.02 0.00702 Bright, not even tarnished in 70 days.
TasLE VIII. '

Zinc-plated Iron.
No samples rusted in 122 days.

The most striking feature of the weathering tests is the com-
plete protection against rust during four months of very wet
weather afforded by electro-galvanizing less than 0.0002 inch thick,
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while rusting occurred through deposits of copper 0.0027 , of brass
0.00327, and of nickel 0.00102 inch in thickness. With thin plating
rusting was serious and widely distributed, but on the thicker
deposits it was confined to a few widely scattered spots. Although
Nos. 42, 46 and 41 showed no signs of rust after seventy days
exposure, they had tarnished so badly that all resemblance to the
original copper or brass was lost. Specimens Nos. 44 and 45 not

only were free from rust, but the nickel plate appeared as bright
as when deposited.

DOUBLE PLATING.

In addition to the quotation already cited in favor of a coating
of zinc under brass or copper plating on iron, the current issue?
of The Metal Industry contains the following: “Neither copper,
brass or nickel gives a successful coating upon steel that will resist
atmospheric influence and prevent the formation of rust. The
large hardware manufacturing companies have realized these facts
and are at the present time giving their product a preliminary
coating of zinc from an alkaline cyanide zinc solution which is
followed by direct deposition of copper, brass or nickel, or coating
the zinc with copper or brass and then nickel plating. This method
is the most effective for all purposes of plating upon steel when
exposed to dampness or the action of salt air.”

In view of such favorable reports from practical platers con-
cerning the protective effect of a deposit of zinc beneath copper

- or brass plate, it was deemed advisable to test such double plating.
Specimens were therefore prepared as shown in Table IX.

TasLe IX.
Double Plating on Iron.

No. Metal ’{dl?xlle Temp. Amp./dm.?2 lm’:ll:xl::knessm.m. Hl}l}ltgn.’ Cur. Eff,

15 Zinc 3 Cold 1435 000041 00104 072 702
Copper 15  Hot 718 000107 00272 179 473

16 Zinc 1 Cold 1295 000013 00034 021 863
Copper 20  Hot 595  0.00145 00368 198 700

20  Zinc 3 Hot 488 000018 00045 024 873

Copper 15  Hot 732 000119 00304 183 505
17 Zinc 1 Cold 1385 0000157 00040 023 853
. Brass 25 Hot 1215 000327 00832 55 583
18 Zinc 3  Cold 1227 000040 00102 061 856
: Brass 20 Hot 117 00018 00473 39 484

* June, 1916,
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TasBLE X.
Results of Weathering on Double Plating.
No. Amp. Hrs./dm.? Tli:::g]n:sss Days required for rusting

17 023 Zinc 0000157 53, slight; 70, six rust spots on one side,

55  Brass 0.00327
18 061 Zinc 0.00040 40, slight; 70, shows 25 rust spots.
39  Brass 0.00186 )
15 072 Zinc 0.00041 14, slight; 70, much rusted.
179 Copper 0.00107 . . . .
16 021 Zinc 0.00013 20, slight; Zinc blistered and broken in
198 Copper 0.00145 70 days, rusted in such spots. .
20 020 Zinc 0.00018 14, slight; 70, many blisters and rust
1.83 Copper 0.00012 spots. .
35 033 Zinc 0.00019* 73, slight; 122, eight rust spots.
092 Copper 0.00062
352 033 Zinc 0.00019* 53, slight.

092 Copper 0.00062
® As the weights of these samples were not recorded the thickness of the deposits
bave been computed from the ampere hours by comparison with other deposits.

The results of weathering in Table X show slightly better pro-
tection by double plating than with the same total thickness of
brass or copper alone ; had the zinc deposits been free from blisters
it is probable that the results would have been still more favorable
to the double deposit. The final rusting of every sample of double
plating is in marked contrast to the complete protection afforded
by zinc alone.

The zinc in No. 17 is nearly as thick as in Nos. 19 and 21, which
gave perfect protection. The result of covering the zinc in No. 17
with 0.003 inch of brass has been to nullify the protective action
of the zinc and to induce rusting at nearly the same rate as Nos.
6 and 7, which were without the coating of zinc. A detailed com-
parison of the other double deposits with the single coatings leads
to a similar conclusion: the protective effect of the zinc coating
is almost, if not completely, nullified by plating it over with brass
or copper. The reason for this is easily seen. Zinc protects by
galvanic action at the expense of being itself corroded. (It should
be noted that the relative size of the surfaces of the two metals isa
factor of tremendous importance in determining the extent of the
corrosion or protection of one metal by contact with another.)
In N9. 19 th.e surface is zinc, with here and there a pin-hole’
exposing a minute bit of iron. The corrosion of zinc necessary
to protect these microscopic surfaces of iron is so small in amount,
and is applied to so large a surface of zinc, that a deposit of the
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latter only 0.0002 in. (0.005 mm.) thick can protect the iron for
months, if not for years, against ordinary atmospheric corrosion.
In No. 20 such a deposit of zinc has been copper plated, with
here and there a pin-hole through which the zinc is exposed. (The
iron may or may not be exposed—the results as regards rusting
will be the same.) Each pin-point of exposed zinc plate is sur-
rounded by a relatively enormous surface of copper cathode, and
in its endeavor to protect the copper against corrosion and tarnish
the zinc is soon entirely dissolved, exposing the iron beneath it.
This, like the zinc, acts as anode toward copper, and rusting is
the result. Such a sub-coating of zinc can at best only slightly
delay the rusting of iron plated with brass, copper, nickel, etc. If
this practice is to be followed the zinc deposit should be made as
thick as possible, in order to lengthen its life when once it is ex-
posed and begins to act as anode. What is needed is a non-porous
coating of nickel, brass or copper. Whether or not this can be
obtained without going to the extreme thickness found necessary

in these experiments is for someone of wider experience than the
writer to say.

POROSITY OF ELECTRO-DEPOSITS.

The prompt rusting of the iron beneath the thinner deposits
of all the metals except zinc seemed to indicate either that such
deposits are porous in structure, or that there are small holes at
certain points which leave the iron exposed. To study this ques-
tion use was made of an ingenious, yet simple, method employed
by W. H. Walker for detecting holes in tin plate.

A one and a half percent solution of agar was prepared, and
to each hundred cubic centimeters of this 7 c.c. of a one percent
solution of potassium ferrocyanide was added. The samples of
plated iron were placed in a shallow glass dish and covered with
the hot solution, which quickly set to a stiff jelly. In a short time
numerous blue spots appeared on the thinner deposits.

With copper-plated iron the action is as follows: whenever
there is a crack or hole in the plating a galvanic cell is formed in
which the exposed iron is anode, goes into solution in the ferrous
State, and is precipitated as Turnbull’s blue, just as when a solution

of potassium ferrocyanide is added to the solution of a ferrous
salt in a test tube.
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The results of this test are shown in Table XI. As these
deposits were not weighed their thickness can only be estimated
by a comparison of the ampere hours per square decimeter with
those of Tables I, I, and IV.

TasLe XI.

Ferroxyl Test for Porosity.
Deposit  Time, min. Temp. Amp./dm? Amp, Hrs./dm.3 Blue-spots

Copper 1 Hot 5.5 0.09 Several
Copper 3 Hot 48 0.24 Few
Copper 5 Hot 5.6 047 None
Copper 10 Hot 5.6 0.94 None
Copper 20 Hot 59 1.99 None
Copper 40 Hot 59 391 None
Nickel 3 Hot 5.0 0.25 Many
Nickel 5 Hot 50 0.41 Many
Nickel 10 Hot 5.3 0.90 Many
Nickel 20 Hot 54 1.81 None
Nickel 40 Hot 5.1 34 None
Brass 3 Hot 11.1 0.55 None
Brass 5 Hot 104 0.87 None
Brass 10 Hot 118 1.96 None
Brass 20 Hot 11.8 3.93 None
Brass 40 Hot 11.3 5.65 None

All of the deposits were found to contain pin-holes with the
exception of the brasses, but unfortunately no deposits of brass
less than 0.55 ampere hours per square decimeter were prepared
for this test. Copper coatings up to 0.47 and nickel up to 1.81
ampere hours per square decimeter contained pin-holes, but thicker
deposits were free from them.

The remarkable protection afforded by very thin deposits of
zinc must be due entirely to galvanic action, unless zinc coatings
are free from the holes -which have been shown to exist in thin
deposits of all other metals tried in these experiments. The ferro-
cyanide test cannot be applied to zinc coatings however, since any
exposed iron would be cathode, therefore would not dissolve, and
so would not make its presence known by the blue precipitate. A
test for the detection of pin-holes in electro-galvanizing, for which
we are also indebted to Prof. Walker, consists in immersing the
strips of galvanized iron in a hot, strong solution of sodium
hydroxide; wherever a bit of iron is exposed it becomes the
cathode of a voltaic cell, and hydrogen is evolved from it. The
results of these tests are given in Table XII.



THE PROTECTION OF IRON BY ELECTROPLATING. 153

TasLg XII.
Porosity of Zinc Deposits by Sodium Hydroxide.
Ti .

Deposit D:I‘?ne Temp. Amp./dm.2 Amp.Hrs./dm.’Bubbp}:::sl;g; e
Zinc 1 Cold 12.1 0.20 Many
“Zinc 3 Cold 16.6 0.83 Many
Zinc 5 Cold 11.8 0.98 Few
Zinc 10 Cold 9.1 1.52 None
Zinc 20 Cold 10.0 3.33 None

Thin zinc deposits proved to be as full of holes as were the
coatings of other metals, and the freedom from rusting of lightly
electro-galvanized iron is due solely to galvanic action. Deposits
thicker than 1.5 ampere hours per square decimeter (14 amp.
hrs. / ft.2) were free from holes.

PIN-HOLES BY INSPECTION.

Another method of testing for porosity consisted in examining
the electro-deposits by transmitted light. To secure zinc deposits
advantage was taken of the poor adhesion of electroplating on
aluminum. Sheets of aluminum were polished, immersed for a
few seconds in the electric cleaner, rinsed, and plated with zinc.
The edges of the sheet were then cut away, and the deposit was
stripped off and examined. The results are given in Table XI1I.

TasLE XIIIL

Porosity of Zinc Deposited on Aluminum.
Time, min. Temp. Amp./dm.2 Amp. Hrs./dm.?  Holes

5 Cold 6.32 0.52 Many
10 Cold 6.57 1.09 Few
20 Cold 5.55 1.85 None
30 Cold 5.12 2.56 None

At and above 1.8 ampere hours per square decimeter no holes
were found—a good agreement with the previous test.

The lack of adhesion of electroplating on aluminum is due, in
part at least, to an invisible film of oxide on the surface of the
metal, and in spite of the good agreement seen in the last«two
sets of tests, there remained a suspicion that this film of oxide
might cause electroplating on aluminum to be less uniform than on
other metals. It was therefore decided to avoid the use of alu-
minum for receiving the deposit, wherever possible. Nickel, cop-
per, and brass deposits were obtained by plating on zinc, and
dissolving this in dilute sulphuric acid. A description of the
deposits and the results of inspection are shown in Table XIV.,
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TasrLe XIV.

Porosity of Metal Deposits on Zinc.

Deposit Time, min, Temp. Amp./dm.2 Amp. Hrs./dm.? Holes

Copper 3 Hot. 82 041 Few

Copper 6 Hot 6.1 0.61 None

Copper 6 Hot 6.8 1.14 Few

Copper 10 Hot 7.5 1.20 None .
Copper 20 Hot 6.5 2.18 Few—6 per square inch
Copper = 40 Hot 78 312 Few—4 per square inch

Brass 3 Hot 120 0.60 None
Brass 5 Hot = 120 1.0 None
Brass 10 Hot 12.0 20 None
Brass 20 Hot 12.0 40 None

Nickel 3 Hot 92 0.46 Many
Nickel 5 Hot 9.5 0.79 Many
Nickel 10 Hot 9.0 1.50 Several
Nickel 20 Hot 129 4.30 None
Nickel 40 - Hot 129 8.60 None

This study of the porosity of electroplating seems to show that
brass (0.000154 in. (0.0039 mm.) thick) and copper (0.000347 in.
(0.0087 mm.) thick) deposits from the cyanide solution up to 0.5
ampere hours per square decimeter (4.6 amp. hrs. / {t.?) contain
pin-holes, and that nickel plating requires. 1.5 ampere hours per
square decimeter (14 amp. hrs. / t.2, 0.00102 in. thick) before
pin-holes disappear.

In weathering tests of two to four months duration, rusting
occurred on brass and copper plate many times thicker than the
minimum for the disappearance of pin-holes. In case of the
heavier deposits rusting was confined to spots a millimeter or less
in diameter, the spaces between spots giving perfect protection to
the iron beneath. For nickel plate there was good agreement
between the disappearance of holes and freedom from rust. The
divergence shown in this respect by copper and brass plating may
possibly be due to the greater difference of potential between these
metals and iron than that which exists between nickel and iron.
The greater the difference of potential or corrosive force, the more
difficult will it be to prevent rusting. For copper deposits there
were no holes at 4.4 ampere hours per square foot (0.000347 in.,
0.0087 mm., thick) and no rusting at 60.4 ampere hours per
square foot (0.00248 in., 0.062 mm., thick). Similar values for
brass plate are 5.1 amp. hrs. / ft.2 (0.000154 in., 0.0039 mm.) for
no holes, and 20 amp. hrs. / {t.2 (0.00607 in., 0.152 mm.) for no
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rusting. Nickel required 16.8 amp. hrs. / ft.2 (0.00108 in., 0.027
mm.) for the absence of holes, and 25.4 amp. hrs. / ft.2 (0.00146
in.,, 0.037 mm.) for freedom from rust. :

The only hope of a general use of copper and brass plate on
iron exposed to the weather seems to lie in securing a uniform
deposit, free from pin-holes. In special cases it may be feasible
to employ the extremely thick deposits of these metals which have
been shown to be necessary to protect iron from the weather, but
unless the plated article is fairly rigid there is danger of cracking
and peeling of such heavy deposits, and the time and expense of
producing them will prevent their general employment.

CONCLUSIONS.

1. These experiments confirm the orthodox view that the
superiority of electro-galvanizing over deposits of other metals for
the protection of iron is due to voltaic action.

2. It has been shown that thin electro-deposits of zinc, copper,
nickel and brass are full of holes, and therefore only the first may
be relied on to prevent rusting, unless deposits are made much
heavier than is at present the rule.

3. Deposits of nickel should exceed 0.0015 in. (0.038 mm.)
in thickness in order to protect iron out of doors, and copper or
brass plate should have three times this thickness. Even then it
is a question how long such coatings will afford protection.

4. For the protection by electroplating of iron which is to be
exposed to the weather, zinc (or cadmium) is the only metal
worthy of consideration.

3. The foregoing experiments do not show that double coat-
ings—zinc followed by copper or brass—are distinctly superior
to a single heavy coating of the latter metals. If zinc is to be
used advantageously, it should form the outer coating.

6. It is very desirable that some method be found for pro-
ducing a uniform electroplate, free from the holes which were
responsible for rusting in these experiments. Could such plating
be done deposits of nickel, copper and brass would form a far
more effective protection to iron than at present.

Laboratory of Applied Electrochemistry,
University of Wisconsin.
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DISCUSSION.

G. B. HocasooM : The findings of Messrs. Watts and De Ver-
ter as given in their paper, with reference to double plating of
zinc, and then either brass, nickel or copper, are in accordance
with what we experienced about three years ago.

" A door-check that was plated in a sulphate of zinc solution has
been out, to my knowledge, three years, exposed at the side of a
railroad track to the smoke of freight engines and it does not
show a particle of rust, while some steel escutcheons that were
given the same coating of zinc, and then given a coating of nickel,
or of copper, or of brass, had in about one hundred and twenty
days spots of rust. As soon as one spot developed then a greater
number of them appeared quite rapidly. Why that happens is
explained by Dr. Watts. According to his idea it is because one
metal is electro-positive to the other and protects it. It is of
vital importance to the hardware manufacturers to find some way
of plating steel with a protective coating ; brass, copper and nickel
do not stand up under the usual atmospheric conditions very long.

Carr, HEriNG: The paper refers frequently to pin-holes. Some
years ago I read a paper before this Society describing experi-
ments made with a microscope showing that suspended foreign
particles in an electrolyte, like the dust from the room, traveled
from anode to cathode, or the reverse, just like the ions do. It is
not known what causes them to travel, but they do. Some of
them will ultimately deposit on the cathode, and I am inclined
to believe that is one of the causes of pin-holes. If, therefore,
the solution around the cathode were kept perfectly free from sus-
pended impurities, say by means of a diaphragm, there would be
less likelihood of forming pin-holes.

Another thing which occurred to me in reading this paper was
that the authors cleaned the iron by the ordinary pickling process.
If they had cleaned it by electrolytic pickling, they would no doubt
have gotten less pin-holes. If you examine iron under the micro-
scope, iron that has been heated, like plates or castings, you will
always find little specks of black oxide in the bottom of little de-
pressions. In the ordinary pickling process many of these little
specks do not come out. By looking at it afterward under a glass
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one will still find these little black specks in these depressions. By
the electrolytic pickling all of these specks can be dissolved, as the
- action gets down into the bottom of the deepest pits and without
any useless waste of good metal and acid, as the pure metal is
not dissolved. If more care were taken, I think the plating of
iron would be more successful.

G. B. HocaBooM: In regard to the pin-holes, I do not think
Mr. Hering’s point is well taken for the reason that pin-holes will
occur in the deposit of metal, even if there is a diaphragm. One
of the hardest things to do in electro-plating is to deposit brass,
copper or nickel upon electro-plated zinc without blistering, and
these pin-holes seem to be the result of that. Better results can
be had by sand blasting the surface, the zinc will adhere better,
and even with that precaution little pin-holes will often form after
it is plated with the brass or copper, while under the microscope
the plate will not show any holes whatever. There is something

in the action, in the nature of electrolysis, that causes the plate to
“blister.

Carr HEriNG: The particles I referred to are smaller than
would be held back by your diaphragm. The only way they could
be kept off would be by some diaphragm of organic material, or
a porous cup, but not by means of any screen or bag, as they would
go right through that.

J. W. Ricuarps: I find in the conclusions a recommendation
that the thickness of the plating should be a certain minimum
thickness in order to afford complete protection. I think that the
thickness of the plating necessary to give complete protection
depends considerably on the original roughness of the sur-
face, since a roughened surface commences to plate on the high
points, and it takes some time for the plate to grow smooth and
the plating to become continuous.

Other things being equal, the smoother the object the more
quickly it will be coated continuously, and the rougher the object

the longer it will take and the heavier the deposit to make a con-
tinuous coating.

G. B. HocaBooM: On a smooth article it is more difficult to
make the nickel plate adhere than on a roughened object. For
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successful plating, it seems to me to be necessary to have a slightly
roughened surface, that is, a surface in an active state. -

A. S. CusaMman: It is not only in electro-plating operations
one finds pin-holes. As a manufacturer of tin plate and terne
plate, I do not think I have seen a fair-sized sample made py the
hot-dip process that was free from pin-holes. It seems difficult
to prepare the surfaces of iron and steel by any process whatso-
ever, to such a degree of excellence that other metals, either by
electro-plating or hot-dip process, will cover them all up, and I
think unless you do put on a heavy enough coating in order to
build up on top of the pin-holes you could not get them filled up.

L. E. SAUNDERS: My attention was called today to the fact that
on some of the shells which are being manufactured in this country
for the European nations that plating is required. Has any one
any facts to give on that point? I understand that the Russian
Government requires that steel shells must be coated with some
other material to prevent rusting. Do you know anything about
that, Mr. Hogaboom?

G. B. HocaBooMm: I have had no experience with shells, but
know that the finish depends upon the structure of the metal.
Pin-holes will show if the metal has been overheated in the manu-
facturing process.

J. W. Ricuarps: These pin-holes appearing in the metals
which are heated differently, appear to be due to irregularities in
the surfaces which are caused by the heat treatment. These
cause irregularities in the deposition, because of the different con-
ductivity of the cleaned surfaces and of the coated surface, or
spots, caused by the heat treatment.

G. B. HocaBooMm: I have seen deposits of silver which under
a microscope showed the outlines of the structure of the steel
upon which it was plated. The structure of the metal very mate-
rially affects the character of the deposit.

O. P. Warrs (Communicated 23 Nov., 1916): In the five
months which have elapsed since this paper was written rust has
appeared on only one of the specimens previously reported in

perfect condition, viz., on No. 32 six spots of rust show through
the nickel plating.
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ACID RESISTING PROPERTIES OF SOME IRON-SILICON ALLOYS.

By O. L. KowALx:.

[Abstract.]

Eighteen low-carbon iron-silicon alloys, containing 1.2 to 19.8
percent of silicon, were immersed from periods of 51 hours to
29 days in ten percent solutions of sulphuric, hydrochloric, nitric,
acetic and citric acids, and the losses determined. With a few
irregularities the resistance to acid attack was a minimum at 1.2
to 3.3 percent silicon, and a maximum at 16 to 18 percent. The
latter alloys are very hard and brittle. Attempts are being made
to find an addition element which will decrease these undesirable
qualities while not impairing the resistance to acids.

Various acid-resisting alloys of commercial importance have
been produced within recent years, and among these the iron-
silicon alloys seem to give satisfactory service in many operations.
There seems to be, however, but little published information on
the acid-resisting properties of the iron-silicon alloys, and it was
the purpose of this investigation to determine the resistance to
several common acids. 'This paper is offered as a progress report
with the hope that suggestions may be made which will be of
assistance in the subsequent tests.

The assistance of Mr. Stanton Umbreit in obtaining these data
is hereby gratefully acknowledged.

W. Guertler and G. Tamman® worked out the equilibrium dia-
gram for these alloys. The curve shows mixed crystals or a
S0 solwtion of Fe and FeSh between Q and 20 percent silicon.
At 20 and at 33.7 percent silicon there are two compounds, Fe,Si
and FeSi respectively, which combine to form a eutectic at about
2).4 percent silicon. The compound FeSh and free silicon form
3 eutectic at 60.6 percent silicon, which corresponds to the for-
mula FeSi,. The melting poiat of Fe,Si is about 2,250° C. and
that of FeSi abouk (443° C. The allays made for this investi-

LI\ hnorg. Chem,, 47, 163379,
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gation lay in the region of mixed crystals, and did not contain
over 20 percent silicon.

Preparation of the Alloys.

The alloys were made from electrolytic iron and ferro-silicon
which analyzed 49.5 percent silicon; no test was .made .for car-
bon. Acheson graphite crucibles lined with magnesium oxide were
used to melt the alloys. Each charge was made. up to 2 total
weight of 200 grams and the amount of ferro-silicon for each
alloy was computed from the amount of silicon to be added. The
charges were melted in the covered crucibles in a granular carbon
resistor furnace.

The mold for casting the alloys was made from Acheson
graphite. Recesses 4 x 114 x ¢ in. (10.15 x 3.2 x 0.15 cm.) were
cut into a slab of graphite and a cover clamped onto the slab;
pouring cups were also cut at the mouths of the recesses. This
provided means for making a specimen about 3 x 114 x 4 in.
(762 x 3.2 x 0.15 cm.).

The alloys were not stirred while in the furnace, but as the
crucibles containing the fluid alloys were removed from the fur-
nace they were given a gyratory motion so as to mix the molten
charge thoroughly. The melted alloys were then poured from
the crucibles into the molds. - As soon as the alloys solidified in
the mold, the cover clamped over the recess was removed, and
the alloy taken out.

Since the alloys cooled very rapidly upon being poured into the
mold, there was undoubtedly a negligible amount of carbon ab-
sorbed, but no chemical analyses were made to prove this point.

The alloys of low silicon content made good soft castings.
Above 3.5 percent silicon the alloys were brittle. In alloys of 7.5
percent silicon and above there were such severe strains devel-
oped on casting that they would frequently break into small pieces
in the mold. Some alloys with more than 11 percent silicon would
fly apart with great violence. Two castings with 16 percent and

17 percent silicon broke in the acid during corrosion tests the sec-
ond week after casting the same.

Acid Corrosion Tests.

The acids used were ten percent solutions by weight of sul-
phuric, hydrochloric, nitric, acetic, and citric acids, made to this
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strength by using a hydrometer. The temperatures of*the acids
when made and when used in the tests were between 20° and
25° C. .

Owing to the great brittleness of the alloys, the specimens
thereof used for the tests were very irregular in shape. The faces
and edges of the specimens were therefore ground to fairly smooth -
surfaces. _

The specimens were placed on edge in hard-rubber racks, which
held the specimens rigidly and prevented them from touching one
- another. From thirteen to eighteen specimens could be placed on
the various sized racks. The specimens on the racks were then
placed in crystallizing dishes about 2 inches (5.1 cm.) deep and
covered with the acid. A glass cover was placed over the dish
to prevent evaporation. ' -

From time to time the specimens were removed from the acid
to be weighed. They were first washed in distilled water, then
rinsed in denatured alcohol, and dried quickly in a current of
hot air, after which they were weighed on an analytical balance.

Results.

The results of these tests are shown in Tables Ito V. The per-
cent loss is cumulative.

Sulphuric Acid: Tests given in Table I show that the loss is
greatest at about 3.7 percent silicon, then the resistance increases
to a maximum with a silicon content of 16 percent. Beyond this
content of silicon the resistance seems to decrease.

Hydrochloric Acid: Tests given in Table II show that the loss
is greatest at about 3.7 percent silicon, and least at about 18 per-
cent silicon. Beyond this content of silicon there is a decrease
in the resistance. ,

Nitric Acid: The loss diminishes quite steadily until the silicon
content reaches 16 percent, after which it increased. The results
are given in Table III. :

Acetic Acid: The loss as shown in Table IV increases up to a
content of silicon of about 5 percent, beyond this point it decreases
steadily to 16 percent silicon, beyond which it-again increases.

Citric Acid: From Table V it is seen that the corrosion increases
Up to a content of 3.3 percent silicon, beyond which it gradually
decreases to the point where the silicon is 17 percent.
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Cumulative Loss, Percent.

TaBLE I: Loss IN 10 PERCENT SULPHURIC ACID.
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PROPERTIES OF IRON-SILICON ALLOYS.
Cumulative Loss, Percent.

TaBLE III: Loss 1N 10 PERCENT NITRIC ACID.-
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TasLi V: Loss IN 10 Percent Crrric AcIp.
Cumsulative Loss, Percent.

' ition Arca . 14 days 21 days
Clg:m Si 8q. cm. 7 days
139 53 16.3 20.0
%‘; 119 100 19.3. 210
25 12.3 6.8 149 16.9
3.3 11.6 546 95.1 95.6
62 9.5 4.6 95 98
74 78 34 7.6 cess
87 13.6 2.8 74 ceen
111 9.1 25 42 44
124 10.6 18 28 3.1
136 17.0 04 04 04
148 89 0.07 0.07 ceee
16.1 81 0.04 0.04 0.5
17.3 128 0.006 0.009 0.009
Conclusions.

Silicon-iron alloys of about 3 to 5 percent silicon are attacked
very readily by sulphuric, hydrochloric, acetic, and citric acids.
These alloys are not excessively brittle.

Silicon-iron alloys of about 16 to 18 percent are exceedingly
resistant to action of sulphuric, hydrochloric, nitric, acetic, and
citric acids. These alloys are so brittle that they must be ground;
they can not be machined.

A solid solution of FeSi in iron near 20 percent silicon is re-
sistant to mineral acids.

Search is in progress for a third metal which can be added to

the iron-silicon alloys to improve their strength and still retain
the resistance to the action of acids.

Chemical Engineering Laboratories,
University of Wisconsin.

DISCUSSION.

O. P. Warrs': This paper was prompted by the commercial
use of acid-resisting irons, with which many of you are familiar.
This was an attempt to determine the action of some of the com-

! Asst. Professor of Applied Electrochemistry, University of Wisconsin.
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mon acids upon iron alloyed with silicon, through the range in
which these various commercial alloys are used.

C. F. BUrcESs?: As far as I know, the manufacturers of these
irons are not guaranteeing them as to their durability against
these acids, especially hydrochloric acid. It seems to me that
these tests, while interesting, are made under certain limitations,
the conclusions of which cannot be accepted without reservation ;
that is, the temperatures are comparatively low, and there is no
agitation. It is my impression that where you have boiling solu-
tions and agitation, that you still have trouble when handling
hydrochloric acid. I am wondering whether we may not have
some statement from the producers of these irons along that line,

O. P. Warrs: While I agree with Prof, Burgess’ statement
that the matter of temperature is highly important, and that al-
though these alloys will stand these acids at ordinary tempera-
tures they might very well fail at higher temperatures, it seems
to me the other point emphasized, that of circulation, is not par-
ticularly important. Where there is no chemical action the circu-
lation, so it seems to me, can have no effect. Where there is
chemical action, circulation is highly important. As far as the
effect of circulation is concerned in these tests, at

room tempera-
ture, it seems to me it is unimportant.

J. W. RicuarDps®: I believe that the copper depositing plant
at Chuquicamata, Chile, in using duriron for anodes, had some
trouble through the action of the sulphuric acid. They used up
one pound of duriron for every five pounds of copper deposited.

Prof. Kowalke sent me specimens of his alloys recently, with
which we intend to experiment to see how resistant they are as
anodes in sulphuric acid solution.

W. C. Brooks*: In commercial work experience has shown
that the limitation of the alloy is not particularly in its resistance
to chemical action, but to mechanical stresses.

If we could get a silicon-iron alloy with greater tensile strength
Or greater elasticity than some of the alloys produced at present,
it would be much more useful.

*C. F. Burgess Laboratories, Madison, Wis.
* Professor of Metallurgy, Lehigh University.
¢ Chemical Engineer, National Carbon Co., Cleveland.
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If these alloys were entirely resistant to sulphuric acid, so that
we could with safety store a tank of acid, and know that it would
dissolve practically no iron, it would be very important.

J. W. RicuArDs: In using the alloy as an anode these mechani.
cal properties would be of only slight importance, but they are
especially valuable for chemical apparatus. When they are used
as anodes they simply hang on a hook, and have to resist very
little mechanical stress. :

W. C. Brooks: I had particularly in mind the use of the mate-
rial for pipes, plugs, cocks, etc. ’

W. R. Mor1®: These alloys, we know, are being used to a very
large extent in nitric acid plants and other chemical works. I
understand that in the present war it would have been impossible
for Great Britain to have gotten along as well if it had not been
for the application of the iron:silicon alloys, which are now used
in the production of nitric acid on a scale never before practiced.

8 Research Laboratory,iNational Carbon Co., Cleveland.
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THE EVOLUTION OF HYDROGEN FROM CYANIDE
PLATING SOLUTIONS.

By OLIvER P. WATTS AND ALBERT BRANN.

[Abstract)

Experiments were made with silver and copper cyanide solu-
tions, with the addition of varying amounts of free potassium
cyanide, to determine the effect of the latter in producing liberation
of hydrogen at the cathode. The effect is much greater with
~copper solutions than with silver solutions. Test experiments
show that the liberation of hydrogen is direct, and not due to
action of the freé cyanide, but to raising of the single potential
necessary to deposit the metal until it reaches that sufficient to
electrolytically set free hydrogen.

The deposition of copper and brass from the cyanide solutions
used in plating is accompanied by an evolution of hydrogen, which

omes greater as the amount of free cyanide is increased. In
explanation of this it cannot be said that deposition of metal from
cyanide solutions is always associated with the liberation of hydro-
gen, for in silver plating no hydrogen is evolved. Such evolution
of hydrogen means that the efficiency of deposition of metal
diminishes with increase of the free cyanide.

In seeking an explanation of this phenomenon, at least two
possibilities must be considered. The first involves the well-known
solvent power of cyanide solutions for many metals, and would
explain the lowering of the current efficiency with increase of frée
Cyanide as due to a solvent action of the electrolyte on the
deposit. ‘The second possibility is that the hydrogen does not come
from reaction between the metal and cyanide, but that it is directly

deposited by the current instead of a chemically equivalent amount
of metal,

303
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When it is considered that the addition of a very moderate
proportion of potassium cyanide can entirely prevent the deposi-
tion of copper, even when high current densities are employed,.the
first supposition appears unlikely to be the correct .explana.txon.
This view is still further confirmed by a recent experiment with 3
nickel-plating solution. This was divided into two parts, .to ohe
of which one percent by volume of concentrated sulphuric acid
was added ; the two solutions were then electrolyzed in series for
a half hour at 0.3 ampere per square decimeter, with nickel anodes
and copper cathodes. The cathode in the original solution gained
0.021 gram, an efficiency of 85 percent, but that in the acid electro-
lyte did not show a trace of nickel, and had not increased in
weight. To determine whether the hydrogen that appeared in
place of nickel in the latter solution was deposited directly by the
current, or came from the dissolving of nickel by the acid as fast
as deposited, the nickel-plated cathode was hung in the acidified
solution for a half hour. It lost only 0.0026 gram in weight.
The lowering of the current efficiency of nickel baths which results
~ from the addition of strong acids is due to the plating out of
hydrogen in place of nickel, and not to attack of the deposit by
the acid.

Although it was deemed certain that the same condition would
be found true for the copper cyanide solution, a confirmatory test
was made. Equal volumes of the laboratory copper-plating bath
were taken, to one portion 30 grams per liter of sodium cyanide
was added, and the two electrolyzed at 0.15 ampere for 30 minutes.
The cathodes gained 0.1518 and 0.0295 gram, efficiencies of 87.3
and 17 percent. On allowing the cathodes to stand in their respec-
tive electrolytes for a half hour with no current passing, the
former lost 0.0016 and the latter 0.040 gram. The low current
efficiency of cyanide copper solutions containing much tree cyanide
is'due to the direct deposition of hydrogen instead of copper, and
not to corrosion of the cathode by cyanide.

It is recognized that in electrolysis of solutions containing two
or more metals, deposition by the electric current acts selectively;
there is a tendency to deposit first that metal whose potential is
lowest, and only when the greater part or all of this has been
deposited, is the metal next lowest in potential deposited. It is
this selective action which has made possible the electrolytic
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refining of metals. Although the fundamental principle is as
stated, its practical operation is not so simple as indicated above ;
for unless there is a considerable difference of potential between
the metals a complete separation does not take place, but there is
a simultaneous deposition of both metals. Even when the poten-
tials are quite different a few cases are known in which both
metals are found in the deposit, as when electrolyzing the sulphates
of zinc and iron. Current density and the relative concentrations
of the metals in the electrolyte are important factors.

It is in this tendency to deposit only the element of lower
potential when the difference of potential is great, and for both to
be deposited together when there is a small difference of potential,
that we must look for an explanation of the peculiarities in regard
to the evolution of hydrogen in cyanide plating baths.

First it will be well to review the facts. In a solution of the
double cyanide of copper and potassium containing no free
cyanide, Field* obtained a current efficiency of 97.6 percent; but
in commercial plating baths it is necessary to have some free
cyanide present in order to secure good anode corrosion, and
consequently the current efficiency is reduced to 70 to 80 percent,
and there is always a. considerable evolution of hydrogen. Not
only is there no hydrogen evolved from the standard silver-plating
solution, but much free cyanide may be added without causing gas
to be given off at normal current densities. By raising the current
density to such a point that metal cannot be supplied at the cathode
by diffusion as fast as needed, hydrogen must be deposited from
either solution, even if no free cyanide be present.

Caspari? gives 0.23 volt as the overvoltage of hydrogen on
<copper in normal sulphuric acid, +. e., a copper cathode must have
a potential 0.23 volt higher than a cathode of platinum before
hydrogen will be deposited on it. This corresponds to —0.13 volt
for the discharge potential of hydrogen on copper. Since the
Potential of copper, —0.51 (normal calomel electrode = —0.56
volt) is 0.38 volt below the discharge potential of hydrogen, it is
€asy to see why there is no deposition of this gas when a copper
sulphate solution is electrolyzed at any reasonable current density.
Copper and hydrogen are so far apart in potential that only copper
is deposited. '

:The Principles of Electrodeposition, p. 189.
'Z. phys, Chem., 1889, 30, 89.



306 OLIVER P. WATTS AND ALBERT BRANN.

In normal potassium cyanide copper may show a potential a5
great as 0.8 volt, and, if the discharge potential of.hydrogen on
copper is the same in this as in copper sulphate »solutnon, hydrogen
should be deposited more readily than copper, and the low current
efficiency of copper solutions containing a large excess of potas.
sium cyanide is readily understood.

To determine the effect of variations in concentration of cyanide
on the single potential of the metal and on the discharge potential
of hydrogen, measurements were carried out in four solutiong
made by dissolving 65, 32.5, 6.5, 0.65 grams of C. P. potassium
cyanide per liter, 7. e, in approximately normal, half, tenth, anq
hundredth normal solutions. The results are given in Table I, in
which the discharge potential was taken as the lowest potentia]
at which gas escaped steadily from the cathode. Since potentials
vary with the amount of air dissolved in the electrolyte, with the
time, current density, etc., and because the instruments employed
were not of the highest accuracy, the numerical values given should
be regarded as approximations only ; yet it is thought that they are
sufficiently accurate to permit the drawing of certain general con-
clusions. All potentials are positive unless marked otherwise.

TasLE 1.
Single Potential Measurements in KCN Solution.
Concentration of KCN Added N/100 N/10 N/2 N/t

Silver:

Single potential .................... 0.04 0.18 0.28 0.31

Discharge potential of H........... .59 .56 .62 55

Difference ..... Cerrreneaenas Ceeeaes .55 .38 34 M
Copper:

Single potential .................... .53 67 78" K]

Discharge potential of H.......... oo 67 70 . .

Difference .....ccovvivunrrinnnnnnn. 14 03 .
Brass:

Single potential Crteseeiiesisianna, .53 .67 77 20

Discharge potential of H............ .55 70 .. .

Difference ......o.ovevnevnnnnn... .o 02 .03 .
Iron: .

Single potential ............ cieee =013 —010 —0.04 .

Discharge potential of H......... .56 .59 .59 o

Difference ........ Ceessesiiaenes .69 .69 63 o

It is seen that the potentials of all the metals rise as the con-
centration of cyanide is increased, although with iron the change
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is so small as to be negligible in practical work. Allowing for the
etrors previously referred to, it appears that the discharge poten-
tial of hydrogen on the metals tested is independent of the strength
of solution within the limits tested. The magnitude of the differ-
ences between the potential of the cathode metal and the discharge
potential of hydrogen should be a measure of the difficulty of
depositing this gas along with the metal in plating.

No values are given for the discharge potential of hydrogen on
copper and brass in normal and half normal potassium cyanide,
because gas was evolved on merely immersing these materials in
the solutions ; this would seem to show that the discharge potential
of hydrogen is less than the potential of the metals in these solu-
tions. The data of the table indicate that a very high current
density would be required to deposit hydrogen from a silver-
plating bath containing little free cyanide, that the current density
required for this will become less as the amount of free cyanide is
increased, and that in copper and brass baths gassing should occur
at low current densities, even with the least amount of free cyanide
that it is practicable to use.

Solutions of the double cyanides of the strength usually used
for plating with silver and copper, but without free cyanide, were
prepared by boiling an excess of the freshly precipitated metallic
cyanide in a solution of potassium cyanide, and filtering. The
potentials of silver and copper were measured, each in its own
solution, without and with the addition of various amounts of free
cyanide. The results appear in Table II.

Tasre II.

Potentials of Silver and Copper in their Double -C yanides.
Grams of Free Cyanide per Liter. 0 10 20 40 60
Silver in KAg(CN),....... —0.62 —0.10 —0.06 -~0.01 0.02
Copper in KCu(CN),...... —027 0.55 0.69 073

A larger amount of potassium cyanide appears to be necessary.
to produce the same elevation of potential in the presence of the
double cyanide of the metal than in its absence ; this indicates that
the deposition of hydrogen from plating solutions will be less easy
than was deduced from the measurements of Table I in potassium
€yanide alone. :
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The above experiments were undertaken to furnish an explana-
tion for the observed deposition of hydrogen from cyanide copper
and brass baths, and its failure to appear in silver plating. The
following conclusions may be drawn: ‘

1. The great lowering of the current efficiency of copper and
brass plating solutions caused by the addition of considerable
amounts of sodium or potassium cyanide is due to elevation of the
potential of the metal that is being deposited, until it equals, and
finally exceeds, the discharge potential of hydrogen, so that this
gas is deposited instead of metal, according to the long-known
selective action at the cathode in electrodeposition.

2. The solvent action of cyanide on the deposit is comparatively
unimportant.

3. The failure of the addition of free cyanide to the silver bath
to produce the marked lowering of efficiency observed in copper
and brass solutions, is due to the fact that the rise of potential of
silver with increase of free cyanide is less marked than for copper
and brass. Even 60 grams of free cyanide per liter leaves the
potential of silver considerably below the discharge potential of
hydrogen, instead of above this, as is the case for brass and copper.

Laboratory of Applied Electrochemistry,

University of Wisconsin.

DISCUSSION.

F. C. Frary!: In regard to the potentials of silver in the
double cyanides, at the San Francisco meeting of this Society,
in 1915, Mr. Porter and I presented a paper? showing that the
effect of free cyanide on the potential of silver was a function,
not of the absolute quantity of free cyanide at all, but of the
ratio of the free cyanide to the double cyanide. It seems to be,
therefore, peculiarly unfortunate that on page 303 Dr. Watts did
not specify the strength of the solution of double cyanide he used,

! Research Chemist, Oldbury Electrochemical Co., Niagara Falls.
* Trans, Am. Electrochemical Society (1915), 28, 307.



THE EVOLUTION OF  HYDROGEN. 309

as I am sure no one €lse would know what strength was used.
I hope the information may be corrected in the discussion, and
also if possible, that the vacant space in Table I1, column 2, will
be filled with the proper value, as that is the most interesting and
important one of all, since it corresponds approximately with the
free cyanide normally used in the plating bath, and it is in that
~part of the ¢urve that the most rapid change of direction takes
place, as is shown- by both Dr. Watts’ figures and our own.
With regard to the third conclusion, I would point out as a
more apparent reason, from Dr. Watts’ own figures, for the
hydrogen being evolved in the copper bath and not in the silver
bath, that in the silver bath you have 0.55 volt difference of poten-
tial between the metal and hydrogen, and in the copper bath only
0.14 volt. It is much easier to raise the cathode potential to 0.14
volt above the single potential of hydrogen than to raise it 0.55,
and I suggest that this is more probably the principal factor in
the case than the slightly different rate of increase of the copper
potential with the addition of cyanide.

A.D. CowperTHWAITE®: Is it not possible for the addition of
cyanide to prevent the ionization of the double copper salt? That

‘might explain the failure to deposit when the amount of free
cyanide reached a certain point_.

O.P. Warrs: I am not prepared to enter into a discussion of
the ionization, but prefer to leave that to someone who is better
acquainted with the ionization theory than I.

F. C. Frary: As far as silver is concerned, the silver ion con-
centration calculated from our measurements in n/4 silver potas-
sium cyanide solution is about 8 x 102, while in the same solu-
tion containing also free cyanide to the extent of n/40, it is only
4 x 10, or about one two-millionth as much as it was without
free cyanide. Whether you believe the figures or not depends
on how much trust you put in the formulae we have for the cal-
<ulation of ionic concentration from electrode potentials.

. O.P. Warrs: Since my remarks on page 303 had reference, as
1s perfectly clear, to all plating baths, Prof. Frary can hardly
regard it as “peculiarly unfortunate” that the composition of

¥ Chemical Engineer, The Edmunds & Jones Corp., Detroit.



310 DISCUSSION,

these is omitted. The two solutions of Table 11, page 307, cop.
tained, as made up initially, 46 grams of KAg(CN), and 307
grams of KCu(CN),, respectively, per liter.

Perhaps the third conclusion will be less liable to be misunder.
stood if the following addition be made to it: If the potential of
a metal is below the discharge potential of hydrogen upon it, g
with silver, no hydrogen is electrolytically liberated, but if the
potential of the metal exceeds the discharge potential of hydro-
gen upon it, as is the case with brass and copper in cyanide plating
solutions containing the usual amount of free cyanide, hydrogen
will be deposited.
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CALORIZED IRON AS AN ELEMENT FOR THERMOCOUPLES

By O. L. KowaLRg.*

[Abstract.]

The author compares the thermo-electromotive force of couples
of “calorized” iron-constantan with that of “uncalorized” iron-
cofistaritan. A sample of “calorized” iron wire from the General
Electric Company gave the same thermo-electric potentials as “un-
calotized” iron, up to 1,000° C, on repeated calibrations. A
simple from the Brown Instrument Company gave slightly differ-
erit potentials until after it had been heat treated at 800° C., after
which it gave similar results to the other “calorized” wire. The
author concludes that a heavy wire, lightly calorized, gives as
constant results as uncalorized irom, and has a much loniger life.

There are in the market several thermocouples, having iron as
one of the elements, which have high electromotive forces and are
fairly constant, but have the disadvantage that the iron element
oxidizes rapidly above 500° C. If iron could be protected from
oxidation by some sort of a coating which would not greatly
change the electromotive force, its usefulness as an element for
thermocouples would be much extended.

It has been shown by W. E. Ruder! that “calorizing” iron,
“which consists in- producing a. rich aluminum alloy upon the sur-
face of the metal,” practically prevents oxidation below 1,000° C
It was therefore of interest to determine whether “calorized” iron
wire was- suitable for thermocouples and whether its electro-
motive force was as high and as constant as the uncalorized wire.
One piece of “calorized” iron wire was donated by the Research
Laboratory, General Electric Company, through the courtesy of
Mr. F. W. Gillette, of the Diamond Power Specialty Company ;

* Professor of Chemlcal Engineering, University of Wisconsin.
! Trans. Am. Electrochem. Soc., 27, 253' (1915).
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another piece of “calorized” iron wire was purchased from the
Brown Instrument Company. The wire from the General' Electric
Company was 0.174 inch (0.44 c.m.) diameter and straight; the
wire from the Brown Instrument Company was 0.137 inch
(0.34 c.m.) diameter and was bent d0}1ble on itself so that i
straightening it out some of the alloy chipped off. :

Grateful acknowledgment is hereby made to the General Electric
Company for donating the wire and to Mr. M. A. Powers for
assistance in obtaining these data.

Couples Used: Three sets of couples were made, each being 12
inches (30.5 c.m.) long. The wires in each couple were f.used
together at one end in an electric arc after filing off the “calorized”
coating at the point of fusion. The wires were insulated from one
another by porcelain bushings, and flexible copper lamp cord was
soldered to the elements for leads. The wires used in all the
couples were annealed by heating to a bright red with electric
current.

Constantan wire, purchased from Leeds & Northrup, was used
in all the couples as one element. The combinations used in these
tests were:

Couple No. 10B = constantan vs. “calorized” iron  (Gen. Elec. Co.)

«“ “ 32B — «“ vs. “ “ (Brown Instr. Co.)

“ “ 8IB = “ vs. “uncalorized” iron (Leeds & Northrup)

At the conclusion of the tests on the above couples, about 134
inches (3.8 c.m.) was cut from the fused ends of the couples
and remaining long portions fused together again. The couples
so made were designated by the letter “C.” Thus

Couple 10C was made from Couple 10B
“ o 32c “ “ “ “ 32B
“« 81c - “ “ “ 81B

Equipment Used: All electromotive force measurements were
made on Leeds & Northrup portable potentiometers. A platinum
vs. platinum-10 percent rhodium thermocouple calibrated by the
Reichsanstalt in Berlin served as a standard for comparison. An
electrically heated tube furnace, such as used in previous tests,’
served for making the calibrations.

Procedure: Discs of asbestos were drawn over each couple to
keep it in the axis of the furnace, and the ends of the furnaces
? Trans. Am. Electrochem. Soc., 29, 561 (1916).



CALORIZED IRON IN THERMOCOUPLES.. 217

were closed with loose magnesia-asbestos. The couples were all
inserted to a length of about 5 inches (12.7 c.m.) into the furnace
for all calibrations and heat treatments.

In all tests only one couple at a time was compared with the
standard platinum couple. The temperature intervals of the points
of comparison were about 100° C., and at each point the tempera-
ture was maintained constant for a period of two minutes to
insure equilibrium. The couples were calibrated as annealed, then
they were heated in an electric tube furnace for 24 hours at 800°
C., and given a second calibration, then heated again for 24 hours
at 900° C. and calibrated a third time.

Fic. 1.

After the third calibration about 134 inches (3.8 c.m.) was cut
from the hot junction end of each couple and the remainder fused
together again. The remaining couple was called C, and was
calibrated only at three points to see whether any change in cali-
bration had taken place due to changes in the wires or method
of fusion.

Results and Observations: As shown in Fig. 1 above, the con-
stantan wires E and D and the uncalorized iron wire B have oxi-
dized badly. The “calorized” wires 4 from Brown Instrument
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Company (couple 32B), and C from General Electric Company
(couple 10B) have not oxidized to any extent as a result of three
calibrations and two heat treatments. v

On the General Electric Company wire C, F:g 1{_ there were
marrow ridges of iron pxide rumming longitudinally with the wige,

On the whole, the wire was in good condition at the end of the

tests. o

The wire from the Brown Instrument Company, 4, Fig. 1, had
spots of iren oxide in various places where the wire had been bent
and the aluminum alloy chipped off. - Owing to the chipping the
wire 4 was not in such good condition as wire B.

A microscopic examination of the wires as received showed that
the coating on the General Electric Company wire was very much
thinner than that on the Brown Instrument Company wire. Asa
result of prolonged heating, the coating of iron aluminum alloy
penetrated into the wire. In the wire from the Brown Instrument
Company the alloy had penetrated about one-half the radius of
the wire ; in the wire of the General Electric Co. the alloy did not
penetrate so deeply. The observations on microstructure were
identical with those of W. E. Ruder.?

In Fig. 2 is shown the comparison of the first calibrations of
all the samples. It will be noted that couple 32B on the first cali-
bration gives a higher electromotive forte for a given temperature
than the other two couples. On repeated calibrations, the latter
couples also gave concordant results, but 32B discordant results.
After heat treatment of 32B at 800° C., however, its calibrations
became concordant, and the same as the other couples, showing
that it was probably not sufficiently annealed at the beginning.

These tests have not, of course, shown what would happen when
thie core of iron was all changed to the alloy of iron and aluminum.
Before such thing would take place the companion wire, con-
stantan, would be used up.

CONCLUSIONS.

1. “Calorized” iron may be a suitable material to replace iron
in- the iron-cornstantan combination, because it has the same electro-
motive force and constancy as uncalorized iron, but has a much
longer life.

* Loc. cit.
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2. A thin coating of “calorizing” is effective, and is to be
pref'erred over a thick coating because of the greater liability for
a thick coating to flake off on bending.
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3. The “calorized” wire should be a fairly heavy one, t(? avoid
bending and to provide a sufficiently large iron core inside the
iron-aluminum coating.

Chemical Engineering Laboratories,
University of Wisconsin.

DISCUSSION.

Mr. W. RupEr': We are indebted to Mr. Kowalke for the
results given to us in his paper, showing that the calorized irgn
gives a constant value of thermo-electric forces. The only criti-
cism I can make is that Mr. Kowalke did not calorize both the
constantan wire as well as the iron wires of his couple. There
is no reason why that should not have been calorized as well ag
the iron.

Another disadvantage of calorizing the iron only is that the
fusion of the end with the constantan would tend to diffuse the
alloy on the surface and make it less protective.

If the thermo-couple were made up and then calorized, I think
the results obtained would show much longer life, and that it
could be used at a higher temperature than the ordinary base
metal couple. We have calorized such couples, but I have no
data to give on their thermo-electric values.

O. L. KowaLke (Communicated): It would be of consider-
able assistance to investigators if information were available
where calorizing could be obtained commercially.?  Attempts to
get the constantan wire calorized were not successful. No at-
tempt to calorize the wire was made in this laboratory, since only
commercial products were desired.

! General Electric Co., Schenectady.

’TheEDiamond Power Specialty Company,

L Detroit, Mich., does commercial calor-
izing.—FEp
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THE CORROSION OF METALS BY ACIDS.

By Oriver P. Warrs anp NEwroNn D. WairpLr.

[ABstrACT.]

The authors study the rate of solution of zinc, amalgamated
zing, iron, copper, silver, and gold, in various solutions, at normal
atmospheric pressures and under a vacuum, and draw many
theoretical deductions therefrom regarding the discharge potential

of hydrogen on various metals and the electrochemical mechanism
of the corrosion.

On account of the great economic interests involved, the corro-
sion of metals is one of the most important of the many technical
problems which today engage the attention of electrochemists.
The importance of galvanic couples in the corrosion and protection
of metals received early recognition, but it is only in recent years
that the whole problem of corrosion has been recognized as being
electrochemical in its nature. It was formerly supposed that zinc
dissolved in sulphuric acid because the affinity of this metal for
the SO, radical exceeded that of hydrogen for the same ; and that
for the action to go on until either the zinc or the acid was ex-
hausted it was only necessary that the product, zinc sulphate,
should be soluble. _

Among the many natural phenomena to whose explanation the
theory of electrolytic dissociation has been applied, is the corrosion
of iron!; according to this, the formation of a soluble compound
is not a prerequisite to the dissolving of a metal by an acid, the
metal going directly into solution as ions, and any compounds
which may be formed being the result of combinations which
occur after solution has taken place. From either the chemical

'W. R. Whitney, J. Amer. Chem. S. (1903), 1, 394.
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or the ionic point of view, an electrolyte is like a room so crowded
that no newcomers can enter unless some of those already present
pass out to make place for them. . '

On account of the enormous scale on which it occurs, the rusting
of iron has received more attention than any other case of the
corrosion of metals, and it is admitted by all that oxygen is neces-
sary for the continuation of this process. Since the passage of
ions into solution does not demand oxygen, it appears at first sight
as if the proved need for oxygen were fatal to the ionic theory of
the corrosion of metals. -

In the extraction of gold and silver by the cyanide process, the
presence of oxygen was also found to be necessary in order that
solution of the metals may take place with sufficient rapidity te
make the process practical. In this case the products formed by
the dissolving of the metals do not contain oxygen, and from
either the chemical or the ionic view of the dissolving of metals,
the function of oxygen was obscure. The extensive use of the
cyanide process led to a detailed study of the chemical changes
involved, and in 1903 the réle of oxygen in the dissolving of gold
by cyanide solutions was made clear for the first time by that
pioneer mining engineer (who perished in the Titanic disaster)
Henry F. Julian,* who showed by experiment that the accelerative
effect of oxygen on the solution of gold by cyanide is due to its
removing from the surface of the ore the hydrogen which is dis- -
placed by the gold when it dissolves. If the hydrogen is allowed
to accumulate its presence greatly retards solution of the gold.

Several years later, W. H. Walker® gave a similar explanation
of the function of oxygen in the corrosion of iron. “We have
shown that the primary function of oxygen in the corrosion of
iron is in depolarizing those cathodic portions of the iron upon
which hydrogen tends to precipitate, and that a secondary function
is the oxidation of the ferrous iron ion to the ferric form, with
its subsequent precipitation as ferric hydroxide.”

When iron is put in electrical contact with metals of higher
potential, such as zinc or cadmium, the iron is cathode in the vol-
taic cell that is formed whenever the combination of metals is

! Cyaniding Gold and Silver Ores. Juliaﬁ and Smart, p, 65.
3J. Amer. Chem. S. (1907), 1264.
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moistened, and therefore the iron corrodes less rapidly than if it
were not in contact with the other metal. But when iron makes
contact with copper, silver, or platinum, metals of lower poten-
tial, the iron is anode in the voltaic cell, and its corrosion is
greater than 1t would be in the absence of the other metals.
Landis* says, “Do not plate with a nobler metal a material that
is likely to be subjected to wear on one spot, and which spot is
to be moistened with liquids.” But in order that galvanic action
shall take place it is usually unnecessary for electroplated objects
to be subjected to sufficient use to wear off the plating at some
point, since electro-deposits of ordinary thickness are sufficiently

porous to permit galvanic action as soon as the object is exposed
to moisture.®

The excessive corrosion of iron by sulphuric acid caused by
adding salts of copper, silver, or platinum, is just what would be
predicted from the theory of galvanic action. Cases are known,
however, in which the addition to sulphuric acid of salts of other
metals, also more noble than iron, instead of stimulating corrosion
of the iron, greatly retards it.* Compounds of arsenic have this
effect, and have been used with good results in commercial work
to prevent corrosion of iron pipes by acid waters.” The reason
fot this unusual protective action is the high “discharge poten-
tial™* of hydrogen on arsenic. The action is as follows: Since
iton is electro-positive to arsenic, it displaces this element from
solution, and a porous coating of arsenic is formed on the iron.
In the voltaic cell thus formed arsenic is the cathode, and conse-
quently it is on this that the hydrogen expelled by the dissolving
of iron is deposited. The discharge potential of hydrogen on

*Trans. Am. Electrochemical Soc. (1911), 19, 62.

* Trans. Am. Electrochemical Soc. (1916), 30, 145.

*Trans. Am. Electrochemical Soc. (1912), 21, 337.

T Corrosion and Preservation of Iron and Steel. Cushman and Gardner, p. 297.

. The term “discharge potential’”’ has been used so little in recent electrochémical
literature that an explanation of this useful tern may be desirable at this time. If
W be used as cathode in a solution of ferrous sulphate until completely covered
MUh iron, a change in potential takes place from —0.51, the potential of copper,
1 0.09, that of iron. 1f sulphuric acid is used as the clectrolyte instead of copper
:‘OPM'Q. hydrogen is deposited in place of copper, and the potential rises only to

01 volt, when hydrogen is visibly evolved; the potential of the cathode when this
%eturs is the discharge potential of hydr:‘gen on copper. The potential of the cathode
Fequired for the evofution of hydrogen depends on the matérial of which it is made,
% that the discharge potential of hydrogen is different for each metal. It is earnestly
freommended that “discharge potential” be used instead of overvoltage in cases where
the latter term has heretofore been employed to designate the potential of an electrode
required for the evolution of some particular gas.
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arsenic exceeds the potential of iron in dilute sulphuric or hydre-
chloric acid, and hence as iron dissolves, thereby causing an acey-
mulation of hydrogen on the arsenic, the deposition of this gag
becomes more difficult, and before enough hydrogen has been
displaced to escape as visible bubbles, the potential required for
its further deposition equals the driving force, the potential of
iron, and action therefore ceases. :

Various explanations have been given for the protection
afforded by amalgamation. Grove in 1837® suggested that the
protection is due to polarization, the hydrogen that is evolved
combining with the mercury to render it electro-positive. Faraday
considered that the mercury produced a uniform condition on the
surface, and thus afforded protection. Carhart® considers the
protective effect to be two-fold: 1st, the elimination of local cur-
rents by the production of a film of pure zinc on the surface, and
2d, the adhesion of a film of hydrogen to the amalgamated
surface.

In the references already given, the function of oxygen in the
dissolving of gold and iron have been explained and the impor-
tance of hydrogen in this process has been brought out. It is only
reasonable to expect that the principles which have been found te
apply to the solution of gold and iron will hold for the dissolving
of other metals, and it was with the hope of extending the appli-
cation of these principles to the corrosion of metals generally that
the experiments which follow were undertaken.

Unless otherwise specified, the tests were carried on in tumblers
containing 180 or 190 c.c. of the acid or other corroding agent.
The'tumblers were covered by watch glasses to lessen evaporation,
and were set in a constant temperature water bath. The square
sheets of metal, with the exception of gold and platinum, were of
such dimensions that they were held upright by the sides of the
tumblers, so that both sides of the specimen were exposed to the
corroding agent.

One of the authors'® has already presented to this Society an
account of experiments which show that the protection of iron
by arsenic against corrosion by sulphuric acid is probably due te

* Phil. Mag., 15, 81.
® Primary Batteries, p. 34. )
** Trans. Am. Electrochemical Soc. (1912), 21, 337.
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the discharge potential of hydrogen on arsenic being higher than
the potential of iron in this acid. It has been stated* that the
protective action of arsenic on iron is much less in hydrochloric
than in sulphuric acid.

If, as is believed by the authors, the protective action of arsenic
is due to the polarizing action of a film of hydrogen on the arsenic,
the addition to the acid of oxidizing agents capable of removing
hydrogen should wholly or partially, according to the amount of
exidizing agent used, nullify the protective effect of arsenic.

TasLE 1.

Temperature of bath.............. 37.5°C

Me ooveiiiiii i, 45 hours

Area of specimens............... 60 sq. cm
Specimen Reagents used Loss in Grams
L. Fe ........ N.HCL 190 e v, 49812
2.Fe ........ N. HCl 190 cc, 5cc 30% HaOs.o ... e 5.3355
3. Fe ........ N. HCl 190 cc, 025 g NasAsOseoveevvnrrnnnn.. 0.2631
4. Fe ........ N. HCl 190 c.c, 0.25 g. Na;AsO,, 5 c.c. H;O,..... 2.9706
S.Fe ........ N, HoSO 190 €€, vvvvniiinie e eeeieeeennenn, 4.5245
6 Fe ........ N. H.SO, 190 cc, 5¢c.30% H:Ozoooovovvennnnnn.. 5.2119
7. Fe ........ N. H,SO. 190 c.c,, 025 g. NasAsOq.eovevvnrnnnnnnn. 0.1050
8 Fe ........ N. HiSO, 190 c.c., 025 g. NasAsO,, 5 c.c. HeOa..... 28118

From the experiments of Table I it is seen that corrosion in
hydrochloric acid was slightly greater than in sulphuric acid,
agreeing with the reaction velocities of these acids in other cases.
The oxidizing agent induced extensive corrosion in No. 4 and 8,
in spite of the presence of arsenic.

If the authors’ hypothesis is correct, in solutions which corrode
iron without evolution of hydrogen, arsenic should have no pro-
tective action. The results of corrosion by ferric chloride and
ferric sulphate are given in Tables II and III.

TasLE II.

Temperature of bath.............. 37.5°C

T ot vereeniniereeernennnnnnins 45 hours

Area of specimens.............. 8 sq. cm

Specimen Reagents used Lossin Grams

9. Fe ....... N.HCLI® ce vovvvrvvernnnnnnn... PP X1 X 1
10 Fe ... N HCI 190 cc, 152, Fes(SOnnmmmmmmmmniniiiit 5.8159
HWFe..... N. HCI 190 c.c, 15 g. Fes(SO.)s, 025 g. Na:AsO.... 1.6088
RFe. . .....° H.O 190 cc, 152 Fea(SO)seuvrrererrrrnennnn. 1.9326
B.Fe .. ... H.0 190 c.c, 15 g. Fe:(SO.)s, 0.25 g. Na;AsO.... 1.6276

" Trans. Am. Electrochemical Soc. (1905), 8, 169,
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TasLg III.
t fbath................ 38° C.
%frrnné) era ure .O. .. .a. ............... 46 hours
Area of specimens............... 58 sq. cm.
Specimen Reagents used Loss in SG;am;
14. Fe ..N.HC! 190cc, 10 g FeCla...vovvrnniiiin i, ... 5435
15. Fe..N. HCl 190c.c.,, 10 g. FeCl,, 0.25 g. Na;AsO,. ... 17528
16. Fe..... H.O 190cc, 15 g. FeClau o inniii e, 1.6552
17. Fe...... H.O 190 c.c, 15 g. FeCl,, 0.25 g. Na:AsOs..vvvnnnntl 1.4576
‘ TabLg IV.
Specimen Reagents used Loss in Grams
18. Fe..... H:0 190cec, 10 g FeCli o oo, 0.9501
19. Fe..... H.O 190 c.c,, 10 g. FeCly, 025 g. NasAsO,...oooo.os, 1.0058
20. Fe ..... H:0 19c.c, 10 g. FeCl;, 0.25 g. Na:AsQ,, 5 c.c. H.O.... 1.1608

A comparison of 12 with 13, and 16 with 17, shows such a
slight protection against corrosion by ferric salts as might be
expected from the lessened surface of iron exposed, due to some
iron being covered by arsenic, but 18-19 shows a contrary effect;
this discrepancy can not at present be explained. The corrosion
produced by the combination of hydrochloric acid and ferric sul-
phate considerably exceeds the sum of the losses in those reagents
separately. This is in agreement with results previously obtained
in which iron lost 2.84 grams in sulphuric acid, 4.22 grams i
copper sulphate, and 14.89 grams in a combination of the two
solutions. Table II shows the arsenic to have a selective action;
it stops corrosion by acid, but does not interfere with corrosion
by ferric sulphate, except to the small extent previously noted as
probably due to a reduction in the surface of iron exposed. Nas,
19 and 20 show that the great acceleration in the corrosion of iron
protected by arsenic, which was observed when hydrogen peroxide
was added to acids, does not occur in ferric chloride ; no hydrogen
liberated in the process of corrosion, no acceleration produced by
the oxidizing agent.

For more than a half-century battery zincs which are to be
used in acid electrolytes have been amalgamated, to prevent useless
loss of zinc when no current is being drawn from the cell. Severat
explanations of the protection afforded by amalgamation have
already been quoted, from which it appears that hydrogen is in
some way generally held responsible for the protective effect. A

12 Trans. Am. Electrochem. Soc. (1912), 21, 350.
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comparison of the discharge potentials of hydrogen on zinc and
" on mercury with the potential of zinc makes clear the nature of
protection by amalgamation. The discharge potential of hydrogen
on zinc as computed from Caspari’s values for overvoltage in
sulphuric acid*® is 0.462, slightly lower than the potential of zinc,
so that pure zinc should dissolve slowly in sulphuric acid ; but the
discharge potential of hydrogen on mercury is 0.542, slightly
higher than the potential of zinc.

When amalgamated zinc is put into dilute sulphuric acid, zinc
begins to dissolve, and displaces hydrogen just as if the metal
were unamalgamated; but before the deposited hydrogen has
become sufficient in amount to be visible or to escape as gas, the
polarization produced by it, and therefore the electrical pressure
necessary to deposit more hydrogen, has risen to equal the poten-
tial of zinc, when this metal is no longer capable of displacing
hydrogen, and its solution ceases. If this view is correct, addition
to the acid of an oxidizing agent that is capable of removing
hydrogen ought to cause amalgamated zinc to corrode, as should
also the use of a corroding agent that evolves no hydrogen by its
action. The results of such tests on commercial sheet zinc are

given in Table V.

TaBLE V.

Temperature of bath.............. 375°C.

Time ...oooviviiiiiriiniiinnn.n, 45 hours

Area of specimens............... 60 sq. cm.
Specimen Reagents vsed Loss in Grams
2l. Zn ....... J o = O B 1 I 6.3462
2. 7n ....... N.CH:COOH 190 CCovvveniiiiiivieiieiiinee e 1.3928
23 ZnHg ....N. HCl 190 C.C. v vereeeeeeniiaaaai 0.6718
24. ZnHg ....N. HCl 190cc, 10 g KiCreOrevovvvervrnnnnnnnnnn, 3.0527
25. ZnHg ....N. HCl 190c.c, 10 g NaClOs.....oeevvurnnnnnnnnn. 1.9926
26.Zn ....... N. HCl 190cc, 2 g HgClaooovvvvii i —0.3038
2.7n ....... N. HClL 190cC. vvrtintinieiinnrnrinennennsanns 6.1117
8.2Zn ....... N. HCl 190c.c, 2 g. HgCl;, 5 c.c. HOseoovveneea e 22844
29.Zn .......... H.O 190cx, 10 g. FeClaooo........ ... e 1.3895
30. ZnHg ....... H:0 190cc, 10 g. FeCl.ovovvinnviiiinnnnn... 1.5840

It is seen from Table V that oxidizing agents stimulated the
corrosion of amalgamated zinc, just as was expected and that
amalgamation does not protect zinc against corrosion by ferric
chloride. No significance should be attached to the fact that the

® Zeit. f. phys. Chem., 30, 89.
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corrosion of amalgamated zinc by hydrochloric acid was about ten
percent of that dissolved from the unamalgamated metal, for in
the latter case the acid was all used up, so that had double the
amount of acid been employed, the corrosion would have been
only five percent of that of the unprotected zinc. In 26 there
was a gain in weight, due to the replacement of some of the zinc
by mercury.

As a further confirmation of the failure of amalgamation to
protect zinc from corrosion by reagents which do not liberate
hyarogen, the experiments of Table VI were tried, using ammo-
nium and potassium persulphates as corroding agents. The results
came as a surprise after so many experiments had shown that
uelther arsenic nor mercury protects from corrosion unless
nydrogen is evolved to cause polarization. Samples 31, 32 and 33
show that corrosion in ammonium persulphate is cut in half by
amalgamation, and that the addition of hydrogen peroxide stimy-
lates corrosion. Nos. 34, 35 and 36 show a similar result except
that protection by amalgamation was much greater in potassium
persulphate. There was an evolution of gas in every case.

TasLE VI.

Temperature of bath.............. 37.5° C.

Time ..., 107 or 45 hours

Area of specimens............... 60 sq. cm
Specimen Reagents used Loss in Grams
H:O 190c.c, 10 g. (NH,)2(SO)aevvvnrvnnnn.... 2.5160
H.0 190cc, 10 g. (NH¢)2(SO)zevvvvvvnenn.... 1.0186
H.0 190 c.c, 10 g. (NH,):(SO.)s, 5 c.c. HiOs. ... 2.8530
. H.0 190cc, 10 g. Ka(SO)aeevvnivninnnnnnenn. 2.28%4
H.O0 190c.c, 10 g Ka(8Ou)aeevvininnnnnnnnn.... 0.1589
H.O 190c.c, 10 g. Ko(SO.),, 5 c.c. H:O,......... 2.1700

*Time 107 hours

In the experiments with ferric chloride and ferric sulphate no
gas had been evolved ; it was therefore thought that the discordant
results obtained in the experiments of Table VI were in some
way due to the gas evolved, which was naturally supposed to be
oxygen. The gas set free in the reaction between zinc and ammo-
nium persulphate was collected, and found to be hydrogen, free
from oxygen, so that the protection by amalgamatlon and the
stimulation of corrosion by hydrogen peroxide is in harmony with



CORROSION OF METALS BY ACIDS. 265

previous experiments. The large loss of weight of amalgamated
zinc in ammonium persulphate indicates either a less evolution of
hydrogen or a much more active oxidation of this than occurred
in the potassium persulphate.

As a result of these experiments it is believed that the protection
of zinc by amalgamation is due to the elevation of the discharge
potential of hydrogen brought about by the presence of mercury.
In the absence of oxidizing agents any metal will be protected by
amalgamation when its potential in the solution used exceeds the
discharge potential of hydrogen on itself, but is less than the dis-
charge potential of hydrogen on mercury.

Whether viewed from the standpoint of Nernst’s theory of
solution pressure or from a consideration of their potentials, the
metals copper, mercury, silver, platinum and gold fall into a differ-
ent class as regards corrosion by acids (except for such as are
oxidizing agents) than do the metals so far considered. Their
solution tensions are less, and their potentials are lower than the
values published, and usually accepted for hydrogen. This means
that none of these metals should be able to displace hydrogen ions
from electrolytes, and hence that they should not be attacked by
acids.

The violent attack of copper and vigorous solution of silver by
strong nitric acid seemed to the authors to mean that the dis-
placement of hydrogen from acids by these metals must begin,
just as with zinc or iron; but before the hydrogen has reached
a sufficient coneentration to be evolved as visible gas the potential
required for its further discharge exceeds that of the metal, so
that action ceases unless this incipient film of hydrogen is removed.
When its removal is brought about by any means, enough metal
immediately dissolves to cause the replacement of the films by
expulsion of hydrogen from the acid. If the film of hydrogen be
continuously and rapidly removed the solution of metal will take
Place at the same rate. No other view seems capable of reconciling
the vigorous attack of these metals by nitric acid, and their com-
Parative immunity to attack by sulphuric acid. If this theory is
correct it ought to be possible to dissolve silver and copper rapidly
by adding an oxidizing agent to any strong acid that forms a
soluble salt with these metals.
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In Table VII are given the potentials of several metals accord.
ing to measurements by Neumann'¢, the discharge potential of
hydrogen calculated from values of overvoltage by several experi-
menters, and the heats of formation of chlorides.’®

TasLe VIIL

Potomat | Potentislof | Dis Potentis;  Heats of formation of chlorides
SO, C1 Hydrogen of Hydrogen Anhydr. In water
Zn 0524 0.503 H 0548, Fe 0183 K,Cl, 211220 202340
Cd 0162 0.174;an 0468/ Zn 0062 Zn,Cl 97210 112849
Fe 0093 0087 Pb 0408 Ni 0.006 'Cd,Cl 93240 96250
Sn ....—0.085'Sn 0298 Cd —0.080 Fe,Cl, 82050 99950
Pb ....—0.095 Cd 0248, Sn —0.377 | Sn,Cl. 80790 81140
H —0.238 —0.249 As 0.158; Pb —0497 H,Cl,  ...... 78630
Cu—0515 ....i{Cu —0.002; Cu —0.507 ' Pb,Cl, 82770 75970
As ....—0550:Ni -—-0022| As —0.702 . Cu,Cla 51630 63710
Hg—0980 .... Ag —0.082| Ag —0.759 . Hg,Cls 54490 51190
Ag—0974 ... Pt —0112| Pt —i022 | Ag,Cl 58760 ......
Pt ....—1140 Au -—0212| Au —1.138 | H,Cl 44000 ......

Au ....—1356 PtPt —0232| Hg —1.522 . 3 (As,Cl) 40927
| 1 % (Au,CL) 15213 18113

The displacement of one metal from solution by another can
be predicted from the values of their potentials; a metal precipi-
tates from solution all metals of lower potential than itself.
Neumann has succeeded in precipitating on a sheet of platinum
by hydrogen all metals whose potentials are below hydrogen in
this table. It might therefore be expected that all metals above
hydrogen would displace this gas, and therefore dissolve readily
in all acids whose salts of the metal are soluble, and that the
metals below hydrogen would not be attacked by acids. But the
value —0.238, wrongly called the potential of hydrogen, is really
the discharge potential of hydrogen on platinized platinum; the
change which has been brought about in the potential of platinum
by causing hydrogen to be deposited on it measures the polariza-
tion of platinum by hydrogen. Since the amount of polarization
by hydrogen varies with different metals, in order to determine
from theoretical considerations whether or not a metal should dis-
place hydrogen from acids it is necessary to compare the potential
of the metal with the discharge potential of hydrogen on that
particular metal.

M Z. f. phys. Chem. (1894), 14, 203.
¥ Thermo-Chemistry, Thomsen, tr. by K. A. Burke (1908).
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If the potential of a metal exceeds the discharge potential of
hydrogen on it, this metal should dissolve readily in acids whose
salts of the metal are soluble, but if its potential is less than the
discharge potential of hydrogen, acids should dissolve it only at
the rate at which the displaced hydrogen dissolves in the acid, is
rgmoved by oxidizing agents, or is otherwise disposed of. To test
the correctness of these generalizations several metals of the latter
class, viz., lead, tin, copper, silver, gold and platinum, were treated
with acids, with and without the addition of oxidizing agents.

TasLg VIII.

Temperature of bath.............. 37.5° C.

13+ I 45 hours

Area of specimens............... 60 sq. cm
Specimen Reagents used Loss in Grams
¥.Pb ....... N. CH:COOH 190cC.C. v.ovvviiiineeinnnannnnnnns 0.2143
B.Pb....... N. CH:COOH 19c.c, 025 g. Na;ASO«............ 0.0490
9.Pb....... N. CH:COOH 190c.c,2g HgClaooovvevenn... +--. 0.8529
40.Pb .......N. CH.COOH 190 c.c, 2 g. HgCls, 5 c.c. H;Os..".... 6.5596
4. Pb ....... N. CH:COOH 190cc. ...ivriiiiinrrnenenennennnns 0.2019
2.Pb ....... N. CH.COOH 19c.c, S5cc. HOsoovvvvvnvnnnn.... 6.4026
43. PbHg N. CH:COOH 190c.c. v.viviiiniiiiniinernnennens 0.1515
4. Png N. CH;COOH 190 c.c, 5cec. 30% H:Os.........i... 5.5071

Table VIII shows a slow rate of solution of lead in acetic acid,
which is a measure of the rate of removal of hydrogen from the
surface of the metal—probably by the air dissolved in the acid.
The effect of amalgamation in diminishing corrosion is trifling,
as would be expected, since it only raises slightly the discharge
potential of hydrogen, which already exceeded the potential of
lead. The oxidizing agent had its usual effect and enormously
increased corrosion, this time in every case in which it was used,
since pure lead, unlike zinc and iron, can corrode only so fast as
the hydrogen is removed from it.
~ Similar experiments with copper and tin (Table IX) show these
metals to be-even less attacked by sulphuric acid than was lead
by acetic in the last experiments; allowing for the shorter time,
attack by hydrochloric acid is about the same as the dissolving of
lead by acetic acid. These metals are readily dissolved in the
Presence of oxidizing agents, except for 54, in which a fine, white
Precipitate indicated the formation of an insoluble compound. It
has been shown that when iron or copper is hammered or cold-
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worked the potential is raised, and the tendency to corrode is
increased. A comparison of 47 with 49 indicates that this is prob.
ably true of tin also.

TasrLE IX.

Temperature of bath................ 38° C.

Time c.vvvevrvnvnnnnennnnn. 19 or 22 hours

Area of specimens......... 64 or 60 sq. cm.
Specimen Reagents used Loss in Grams
45.Cu..eenn..., N.HCLI80CC. vt i iei i iiiiieaenneennnnns 0.1171
46.Cu ............ N. HCI 180c.c, 10 g. KMnOs....ovveunnn.... 4.6084
47. Snt cast....... N. HCl 180 cCcC tvvrriiinnninnnennineennnns., 0947
48. Snf cast....... N. HC1 180c.c, 10 g. KMnOq..ovvvvvvnnnn...., 3.6160
49. Snt hammered N. HCl1 180cc. ....oovviiiiiiiininininnnen.. 0.1155
50. Cu* .......... N. HaSO, 180 CCe vivvieieieevennnnennnnens 0.0226
51 Cu* .......... N. H.SO, 180 c.c., 10 g. KiCr:0revvvvvnnnn.... 28637
52.Cu* .......... N. H.SO. 180 c.c, 10 g. NaClOs............... 4.3084
53. Sn*f .......... N. HeSO: 180 €. vvvevveiiiniiiieinennnennn, 0.0373
54. Sn* .......... N. H.SO, 180 cc, 10 g. K:Cr:0r.vvvvvvnnnn.... 0.0171
S5. Sn*f .......... N. H.SO, 180 c.c, 10 g. NaClO................ 8.357¢

* Time 19 hours.
T Area of specimens 64 sq. cm.

The noble metals, silver, gold and platinum, are similar to
copper and tin in that their potentials are less than the discharge
potential of hydrogen upon them. These metals should therefore
be but slightly attacked by acids unless an oxidizing agent is
present. Tests with these metals are given in Tables X and XI.

TaBLE X.

Temperature of bath.............. 37.5° C.

Time ..ovvveniin e, 45 hours

Area of specimens............... 60 sq. cm
Specimen Reagents used Loss in Grams
56. Ag ....... N. HoSO: 190 e vuvein it e 0.0015
57. Ag ....... N. H.S0, 190 c.c, 5¢.c. 30% HOs..oeeevvvnnnn... 1.6953
58. Ag ....... N. CH:COOH 190c.c. .....ovvivrennnann, 0.0016
9. Ag ....... N. CH;COOH 190 c.c, 5 cc. 30% HyOs............ 1.7997

Although some silver dissolved in the pure acids, the rate of
corrosion is less than for any metal previously tested ; the stimu-
lating effect of the hydrogen peroxide was also less than here-
tofore. These facts indicate that much less hydrogen is displaced

by silver before equilibrium is reached than in case of the metals
previously tested.
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TasLE XI.

Temperature of bath.............. 37.5° C.

IME tveineiiiinn .. 45 hours

Area of specimens....... 4, 12 or 24 sq. cm.
Specimen Reagents used Loss in Grams
60. Au cHaSO 190ce. oo .. 0.0017
61. Au « H:80, 190cc, 5¢cc. HiOsovvvvvvnvvennnnnnnnn. 0.0018
62. Au . HaSO. 190¢c.c, 52 NaClOsuvvvevvveennnnnnnn. 0.0004
63. Au . HaSO, 190c.c, 5g. KMnOsoovovvvvnennennnnn... 0.0000?
64. Au* CHCL190Ce oo e, 0.0008
65. Au* «HCl 190¢cc, 5¢cec. HiOzvvovoivenvvnnnnennn... 0.0070
66. Au* . CH:COOH 190cc. ..vvvvniniiennnnnnnnnnnn.. 0.0005
67. Au* . CH:COOH 190c.c., 5cc. HiOz2ovvvevvnnnnnnnn.. 0.0005
68. Ptt B = L0 | X .0000
69, Pt} . HCl 1%ce, Sce. HOaovveoiiiniinennnnnnn... 0.0006

. HCl 190 c.c, 5 g. KNO,

* Area of specimens 12 sq. ¢mi.
t Area of specimens 4 sq. cm.

The gold in 63 had a purplish coating, which because of the
thinness of the metal, could not be removed before weighing,
hence it is probable that there was a trace of gold dissolved in
this case. With the exception of 65, which is a special case and
will be referred to later, there was no appreciable solution of gold
or platinum, and oxidizing agents were without their usual stimu-
lating effect on corrosion. Thinking that the velocity of reaction
might be sufficiently stimulated by more concentrated acid and
increase of temperature to make corrosion visible, the experiments
of Table XII were conducted with gold leaf in an evaporating dish
which was heated over a Bunsen burner.

The addition of a chloride or a bromide to a mixture of oxidiz-
ing agent and acid caused prompt and complete solution of the
gold. Aside from 73, in which there is a possibility of the libera-
tion of chlorine by decomposition of the acid, there was only one
case, 72, in which the gold dissolved without the presence of a
chloride, bromide or iodide, and in this the action was so slow
that many hours were required to dissolve the bit of gold leaf.
No tests were made for traces of dissolved gold, since the purpose
of these experiments was to determine if in the presence of
oxidizing agents other acids would dissolve gold at a rate com-
parable to that at which it is attacked by aqua regia, and at which
all other metals used in these tests (except platinum) have been
corroded when oxidizing agents were present.
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TasLg XII.
The Solution of Gold in Acid Plus Oxidizing Agents.
Acid Temp. Time Oxidizer Result
71. H,SO. 30% 90 15m. | CrO;s Gold leaf remains
H.SO. 30;0 70 10 m. | KMnO, Gold leaf remains
H.SO. 30% 90 .... | HNOs Gold leaf remains
H.SO. 30% .. .... | NaNO; Gold leaf remains
H.SO. 30% . .... | KBr Gold dissolved
72. H.SO. 80% 150 20m. | CrOs: . Gold remains
Ha.SO. 80% Cold 24h. | CrO; Gold dissolved
73. HCIO, 80 .... | HNO; Gold remains
HCIO, 95 .... | NaNO; Gold remains
HCIO, 95 vee. | CrOs Gold dissolved
74, HBF, Hot .... | HNO: Gold remains
. HBF, Hot .... | KBr Gold dissolved
75. H;PO, 98 5m. | CrOs Gold remains
H;PO, 98 .... | NaNO; Gold remains
H.PO, .. .... | HNO, Gold remains
H.PO, : .. .... Kl Gold slowly dissolved
H:PO, .. .... | KBr Gold quickly dissolved
76. H,PO, 90 .... | KMnO, Gold remains
. %58: 50% | 1 115 eee. | CrOs Gold remains
H:SO. 50% 142 cee Cl‘Os GOld remains
78. H;PO, 130 30m. | CrO: Gold remains
H,PO, Boiling | 80 m. | CrO; Gold remains
H.PO, .. .... | NaCl Gold dissolved
79. HC1 15% 60 ee.. | CrOs Gold quickly dissolved

The dissolving of gold by other reagents than aqua regia has
been recorded by many experimenters. Comey*® states that gold
is dissolved by concentrated sulphuric acid to which either potas-
sium permanganate or iodic acid has been added ; and that selenic
acid is the only single acid that dissolves the metal. Lenher"
found that gold dissolves in sufficient amount to respond to chem-
ical tests in either hot concentrated sulphuric or phosphoric acid
containing potassium permanganate, lead peroxide, manganese
dioxide, or nitric acid, and that in some of these solutions gold
dissolves even at zero degrees centigrade.

The great difference in the rate of solution of gold by aqua
regia or any combination of a halogen acid with an oxidizing
agent, in comparison with its rate of dissolving in other acids and

'8 Dictionary of Solubilities, p. 172.
*'J. Amer. Chem. S. (1904), 26, I, 550.
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an oxidizing agent, seems to indicate some fundamental difference
in the nature of the dissolving of gold by aqua regia and by the
other acids. The effect of oxidizing agents in stimulating the
dissolving of lead, tin, copper and silver in acids indicates that
these metals displace an appreciable amount of hydrogen, the rate
of removal of which by the oxidizing agentfixes the speed of
dissolving of the metal. Granting the solution of gold by sulphuric
or phosphoric acid and oxidizing agents, the very slow rate of
“action indicated by these experiments in comparison with the
action of similar solutions on the metals just mentioned means a
correspondingly slow oxidation of the displaced hydrogen. Since
the oxidizing agents were as powerful, and in several cases the
same as used with the other metals, the slow rate of oxidation of
hydrogen must be due either to the presence at any instant of only
an extremely small quantity of hydrogen on the gold, or to the
replacement of the oxidized hydrogen at this very slow rate.
There is no reason for thinking that gold can displace hydrogen
from hydrochloric acid more rapidly or to a much greater extent
than from other strong acids; therefore the rapid solution of gold
by aqua regia shows that this is not a case of the displacement
of hydrogen by the metal, but, like the dissolving of iron by ferric
chloride, a reaction in which hydrogen is not evolved. The start-
ing point of the reaction must be the oxidation of the hydrogen
of the acid ; after which solution of the gold may be conceived to
occur either chemically, by combination with nascent chlorine, or
ionically, by electrostatic attraction between chlorine and gold ions.

Gold and platinum, being readily dissolved only by aqua regia
or a solution of a halogen acid and an oxidizing agent, are thus
distinguished from lead, copper, tin, and silver, with which they
were at first classed by the authors.

A study of Table VII shows an interesting relation between
heats of formation and the results of these experiments. In
aqueous solution the heat of formation of hydrochloric acid ex-
ceeds that of the chlorides of copper, lead, mercury, gold, and of
course of silver and platinum, and hence none of these metals
should be capable of displacing hydrogen from water solution of
hydrochloric acid; but in the anhydrous condition the heat of
formation of hydrochloric acid is less than that of all of the above
chlorides, except those of arsenic, gold and platinum, so that, when
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-water is left out of consideration, all of these metals except the
three last mentioned should displace hydrogen from hydrochloric
acid. The facts are in accordance with this. When water is
allowed to play its part, copper, lead, mercury, silver, gold 3“}1
platinum are not readily dissolved by non-oxidizing acid solutions ;
but when the hydrogen of water is taken care of by an oxidizing
agent all of the above, except gold and platinum, dissolve in acids,
provided their salts are not insoluble. A classification of the
metals according to whether or not their potentials exceed the
discharge potential of hydrogen on them leads to the same group-
ing as does a consideration of the heats of formation in aqueous
solution ; and experiments with acids containing oxidizing agents
draw the dividing line between the two classes at the same point
as does a consideration of the heats of formation of the anhydrous
chlorides, viz., just below silver.

The third set of data in Table VII, obtained by subtracting the
discharge potential of hydrogen from the potential of the metal,
furnishes a rough index of the rate at which pure metals may be
expected to dissolve in acids ; when this index is negative the rate
of solution is limited to the speed with which the displaced
hydrogen is removed from the surface of the metal, and for rapid
solution an oxidizing agent is necessary.

The necessity for supplying oxygen in the treatment of gold
ores by cyanide has already been referred to. S. B, Christy's
found the potential of gold to have the following values: in
N.KCN 4 037, in N/10 KCN + 0.23, in N/100 KCN + 0.09,
and in N/1000 KCN —0.38 volt. The need for oxygen in dis-
solving gold signifies that the potential of gold in the solutions
used in cyaniding gold ores is less than the unknown discharge
potential of hydrogen on gold. To verify this, measurements were
made in tenth normal potassium cyanide. No gas could be ob-
served on immersing gold in this solution, but at a cathode poten-
tial of 4-0.42 volt (N.calomel electrode — —0.56) bubbles of
hydrogen clung to the gold, and with the aid of a lens the escape
of a tiny bubble was occasionally observed. On raising the im-
pressed E. M. F. until the current density of 0.05 ampere per
square decimeter was obtained, the potential of the cathode had

increased to +-0.57 volt, and the escape of gas was readily seen.
1* Amer. Chem,. 1. (1902), 27, 354.
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The potential of gold in potassium cyanide is less than the dis-
charge potential of hydrogen upon it; hence the necessity for
oxygen in order to dissolve this metal in cyanide solutions.

The nature of protection by amalgamation has already been
discussed in the light of these experiments. In a paper on “The
Function of Oxygen in the Corrosion of Metals”® the prevention
of the continued corrosion of iron by the film of hydrogen which
is supposed to deposit on it is attributed to the high electrical
resistance of hydrogen gas, and in discussing the accelerative effect
of certain voltaic couples and of impurities on the rusting of iron,
the same author attributes this to a catalytic oxidation of hydrogen
by the cathode material or impurity. Speaking of the slight cor-
rosion of zinc relative to that of iron in salt water, he says,?
“The explanation consistent with the electrolytic theory is that the
zinc does not dissolve and corrode, not because there was formed
an adherent and protective layer of zinc hydroxide, but because
the zinc does not catalyse the reaction H, 4+ O = H,O with
sufficient rapidity to continually remove the hydrogen from the
surface of the zinc. Although the catalysing action of the iron
surface is not so rapid as is the platinum surface, it has sufficient
rapidity to depolarise the iron strip and to render continuous the
solution, and therefore the corrosion of the iron. * * * The
author has already shown that ‘mill scale’ or magnetic oxide of
iron is strongly electro-negative to iron. Since mill scale is in-
soluble in water and cannot of itself enter into the reaction, its
only function must be analogous to that of platinum or other
insoluble conductor of this kind, wiz., to furnish a surface on
which the hydrogen liberated by the dissolving of iron can separate
and be catalytically oxidized to water again.”

It is the opinion of the authors that the observed protection
of iron by hydrogen is due, not to the resistance of the gas, but
to the rise in potential produced by its presence on the iron. The
Protection of iron and zinc against corrosion, by contact with
arsenic and zinc respectively, has been shown to be due to the
high discharge potential of hydrogen on these metals; and the
excessive corrosion of iron and zinc induced by contact with mill
scale, silver, platinum, etc., is believed by the writers to be due

BW. H. Walker, Trans. Am. Electrochemical Society (1908), 14, 178.
* Jour. Tron & Steel Inst. (1909), 1, 75.
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to a low value for the discharge potential of hydrogen on these
materials, and not to any particular power of catalysing the oxi-
dation of hydrogen. The real office of platinum as a stimulant to
the corrosion of another metal is to furnish a cathode that is polar-
ized to only a slight degree by the collecting of hydrogen on it,
and which, together with the metal that is corroding, constitutes
a cell of high working E. M. F.

The superiority of nitric acid over other mineral acids as the
general solvent for metals has long been recognized. These ex-
periments show that the special value of nitric acid, aside from
nitrates being more generally soluble than other salts, lies in its
being at the same time an acid and an oxidizing agent.

The foregoing experiments indicate that the inherent nature of
the reaction between acids and metals is always the same. On
immersion in an acid, metal begins to go into solution and hy-
drogen is displaced. But the law of mass action applies here. As
hydrogen accumulates, the driving force required to deposit more
of this gas increases, and if the potential, solution pressure, or
whatever other term may be chosen to designate the relative dis-
placing power of metals in electrolytes, be very low, like that of
copper or silver, equilibrium is quickly reached and the action
comes to a standstill. If the potential of the metal is high, as for
zinc and iron, the reaction goes on, the density of the hydrogen
film increases to such a point that gas begins to escape, and as
equilibrium has not yet been reached, the reaction continues, as
is usual in chemical changes when one of the products escapes
from the field of action. The effect of oxidizing agents is to
remove one product, hydrogen, and so prevent attainment of the
equilibrium which is otherwise quickly reached with the metals of
low potential, copper, mercury, silver, etc. If the oxidizing agent
is a vigorous one it may remove hydrogen more rapidly than it
normally escapes from the more positive metals, zinc and iron,
and the rate of solution of these metals is accelerated. If hydrogen
is removed from the metal very slowly, attack by the acid must
also be slow, like the dissolving of silver in sulphuric and acetic
acids. If some means be provided for removing hydrogen from
the surface of the metal more rapidly than usual, the speed of
dissolving is thereby increased. In every case the rate of solution
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of metal by an acid is governed by the rapidity with which hy-
drogen is removed from the field of chemical action.

To supplement this study of the corrosion of metals by acids
a few experiments were tried with alkalies. Because most of the
metallic hydroxides are insoluble, only a few metals are available,
from which zinc, tin and lead were chosen as representative.

Since hydrogen is the material displaced by the metal which
dissolves, it was expected that the effect of amalgamation and of
oxidizing agents on the rate of corrosion would be the same as in

acids, except as modified by the changed potentials of the metals
in this new electrolyte.

TasLg XI1II.

Temperature of bath............... 37.5°C.

Time covvviiiinniiiiinnnnnn. 45 hours

Area of specimens............... 60 sq. cm.
Specimen Reagents used Loss in Grams
8. 8n ....... N. NaOH 190CC. c.oiviiniiiiiiniaeeannnnn, 0.0302
8. 8n ....... N. NaOH 19c.c, 025 g. NasAsOseovvenievnnnnnn., 0.0292
8.Sn ....... N. NaOH 190cec, 10 g KMnOu.ovovvvvvvennnn... 0.6771
8.Sn ....... N. NaOH 19cec, 10 g. KNOsoooovvvnenininnnnnn.. 0.0300
8. Pb....... N. NaOH 190CC vviviiiinaniiiinirnninnennennn. 0.1101
8.Pb....... N. NaOH 190c.c., 025 g. NaAsOus.vvuerennnnn.... 0.1026
86. PbHg ....N. NaOH 190C.C. ..uvirnrrriinninreneenneenaennnnn 0.0850
8.Pb....... N. NaOH 190c.c, 52 KMnO,..oovvivvenennnn... 0.0978
8. Pb....... N. NaOH 190cc, 52 KNOs..oovivvvennnnnen.... 0.0938
89.Pb ....... N. NaOH 190c.c,5g NaClOs...covvvvevnninnn... 0.0942
9. Zn ....... N. NaOH 190cC. vvivrireiiiiiiiiiiiiiiinienaennns .0363
9. 2Zn ....... N. NaOH 190c.c, 025 g. NaAsOs..ovvvvevnnnn.... 0.1016
9R. ZnHg ....N. NaOH 190C.C. uuvvrrrrrrrrrniiiinreereennnnns 0.0326
93.Zn ....... N. NaOH 190cc, 5 g. KMnOs.oooovvvvvvnvnnnn.... 0.3318
94.Zn ....... N. NaOH 19%c.c, 5 g. KNOs............. P 0.7052
95.Zn ....... N. NaOH 19c.c, 5g. NaClOs..ovvvvnvennnennnn.. 0.0856

The first experiments, Table XIII, gave some unexpected results.
The accelerative effect of oxidizing agents was much less than in
acids, and varied greatly ; not only did corrosion vary with differ-
ent oxidizing agents, but also for the same agent with different
metals. Potassium permanganate caused the greatest corrosion
of tin, but with zinc this reagent proved less effective than potas-
~ sium nitrate, which did not corrode tin at all. None of the oxi-
dizing agents increased the corrosion of lead. Amalgamation
decreased the corrosion of lead and zinc very slightly.

Arsenic stimulates the corrosion of zinc (90, 91) because the
discharge potential of hydrogen on arsenic (see Table VII) is
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much below that on zinc; it is a case of substituting a cathode
which polarizes to a much less degree by hydrogen. Arsenic fails
to stimulate the corrosion of lead and tin similarly (80, 81, 84, 85),
because the potential of these metals in sodium hydrate is less
than the discharge potential of hydrogen on arsenic; the voltaic
cell formed by either of these metals with arsenic is completely
polarized by hydrogen, and its E. M. F. becomes zero.

TaBLE XIV.

Temperature of bath................
Time ..oiierniiiiiiiiiiiinnnnn,

Reagents used
180 c.c. NaOH (200 g/L), 5 g.
. 180cc. NaOH (200 g/L) . voeeieeieeeannnnnn,
. 180 c.c. NaOH (200 g/L), 5 g.
.. 180 c.c. NaOH (200 g/L)...... .
.. 180c.c. NaOH (200 g/L)....coovvnniininnnen, 0.0130
. 180 c.c. NaOH (200 g/L), 5 g. picric acid........ 5.8750
.. 180 c.c. NaOH (200 g/L), 5 g. picric acid........ 4.3198
. 180 c.c. NaOH (200 €/L) ..ot seennnennrnnninns 0.0770
. 180 c.c. NaOH (200 g/L), 5 g. picric acid........ 1.3030
180c.c. NaOH (200 g/L) ..o vvveeeinunnnnn, 0.0185
180 c.c. NaOH (200 g/L.), 5 g. picric acid........ 1.4685

In Table XIV the strength of the caustic solution was increased,
the temperature raised, and picric acid was used as the oxidizing
agent. The results are comparable to corrosion by acids. Amal-
gamation diminished corrosion slightly, and the oxidizing agent
greatly stimulated corrosion of both amalgamated and pure metals,
As in Table XIII, the stimulation of corrosion by the oxidizing
agent is much less for lead than for zinc and tin.

TaBLE XV.

Potentials of zinc, lead, and tin in normal NaOH and discharge potential of
hydrogen on these metals.

Poten. Disch. P. P. at 0.05 amp./dm.?

Zn .ioiiiiiiiiiia.. +0837 « 4083 +0.96
Snoevieiii, +0.54 > 40.65 +0.74
8 T +021 > -4032 +0.40

Since gas was evolved from both commercial and C. P. zinc on
immersing it in normal sodium hydrate, it is evident that the
potential of this metal exceeds the discharge potential of hydrogen
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The values given for the discharge potential on tin and lead are
probably slightly too low, for although bubbles of gas could be
seen clinging to the cathodes, none was observed to escape. In
every case an increase of current density caused a rise in potential
of the cathode, and the limit was not reached at 0.05 amp./sq. dm.

What should he the effect of a vacuum on the rate of solution
of amalgamated zinc by acids?

Carhart,”* to show that the protection of zinc by amalgamation
is due to the adhesion of a film of hydrogen, says “When amalga-
mated zinc is plunged in water, acidified with one-twentieth of its
volume of sulphuric acid, it is not attacked at ordinary atmos-
pheric pressure. But if a vacuum is produced above the liquid,
bubbles of hydrogen are again freely evolved from the zinc sur-
face. Upon readmission of the air, bubbles again adhere to the
_plate, and the chemical action is arrested.”

If a vacuum stimulates corrosion of amalgamated zinc, it should
also accelerate the dissolving of other metals in acids which cor-
rode them but slowly at atmospheric pressure, because of the
polarizing effect of hydrogen. To test this the experiments of
Table X VI were tried, one set at atmospheric pressure, the other in
such a vacuum as could be obtained by the laboratory filter pump.

- TasrLg XVI.
Temperature ..ovuvevnevnnen... 21 to 22° C.
M tointiiin it ineeannns, 45 hours
Area .o.oiiiiviiiiiiiiie i, 60 sq. cm
SPedmen Reagents used Loss in Grams
(In Vacuum—24 to 3.5 cm. of mercury)
107. Fe ...... N.HaSO0: 190cCC voviiiin it eeieieeienannnnnnn, 0.7332
108. Fe ...... N. H,SO, 190 c.c, 025 g. Na:AsOuovvvvrennnnnn... 0.0083
109. Py ...... N. CH;:COOH 190 CC. oevveviiinnieenennannnnnnn, 0.0374
110. Cu ...... N. HaSO  190CC vvvniiii e 0.0044
M. Zn ...... N.NaOH 190cc. vvvviriiiiiiiiiiiinnieninnnnnn, 0101
(At Atmospheric Pressure)
112 Fe ...... N HeSO0: 190CC vneintieeieeeneenannrnennnnns 1.6266
3. Fe .00 N. H,SO. 190 c.c, 025 g NavAsOur -1 1rermmiiil 000, 0.0287
4. pp ...... N. CHiCOOH 190CC. oevvvivrernreneneeaeencnnnn, 0.0841
5. Cu ..... N HaSO 190 €0 vreeneet ettt 0.0208
6. Zn ... .. N.NaOH 190CC. vevrrrrnrniiineerenrnrnrnnannnn. 0.0772

At the start, the above test showed a much greater evolution
of gas from the samples in the vacuum than from those under
" Primary Batteries, p. 34 (1891).
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atmospheric pressure. Apparently Carhart’s statement was true,
and corrosion would be stimulated by the vacuum. Towards the
end of the test, however, it was noticed that action was more rapid
on several of the samples at ordinary pressure, but it was not
then suspected that reducing the pressure had dlmlms'hed, rather
than increased, corrosion; it was only when the specimens were
weighed that the truth was learned, viz., that in every case reduc-
tion of pressure had diminished corrosion.

In order to ascertain that a possible difference in temperature
between the two sets of specimens was not the cause of the differ-
ent rates of corrosion, temperature measurements were made of
solutions under similar conditions, except that no metals were
present. Numerous bubbles of gas collected on the interior sur-
faces of the tumblers in the vacuum, which could only be air,
The average of many readings showed a difference of less than
four degrees in temperature, too slight to account for the lessened
corrosion. The reason for the lessened corrosion in the vacuum
is that the reduction of pressure removes from the liquids the
dissolved air, which at atmospheric pressure acts as a depolarizer
for hydrogen. Proof of the depolarizing action of the air present
in ordinary solutions of the laboratory is seen by comparing the
curves of cathode polarization in plates I and II of a paper pre-
sented before this Society in 1914 by C. N. Hitchcock.2? The
effect of removing the dissolved air either by boiling or by the use
of a vacuum, was to cause a greater polarization of the cathode
by hydrogen.

The experiment given by Carhart has been quoted in the same
language by P. Benjamin,”® and Tommasi,** and is attributed to
De la Rive in 1843. The result of repeating it points to the
desirability of testing with modern apparatus many of the alleged
“facts” of our natural sciences that have been passed down to us
through a long period of years.

This study of the corrosion of representative metals and of the
electrochemical principles involved, has led to certain conclusions,
some general, others specific.

# Trans. Am. Electrochemical Soc., 15, 418 and 420.
® The Voltaic Cell, p. 347 (1893).
* Traité des Piles Electrique, p. 45 (1889).
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1. The hypothesis of one of the authors, presented to this
Society in a previous paper,?® that the protective effect of arsenic
on the corrosion of iron by sulphuric acid is due to polarization
by hydrogen, is confirmed by the following facts:

(a) 'The corrosion by acids of iron protected by arsenic was
invariably greatly stimulated by oxidizing agents.

(b) Arsenic does not protect iron from attack by corrosive
agents which evolve no hydrogen by their action.

2. Amalgamation protects zinc from corrosion by acids because
the discharge potential of hydrogen on mercury exceeds the

potential of zinc. Protection by arsenic and by amalgamation are
alike in their nature.

3. Tin and lead are only very slowly dissolved by non-oxidizing
acids, although their potentials are such as would cause their ready
solution in acids, if it were not for the unusually high discharge
potential of hydrogen on them. Removal of hydrogen by an
oxidizing agent causes these metals to dissolve readily in acids
that otherwise corrode them very slightly.

4. Corrosion by acids, of metals below hydrogen in solution
pressure or position in the usual electrochemical series, iz., copper
and silver, has been caused by the presence of oxidizing agents,
end the reason for this action has been set forth in detail.

5. The oft-quoted statement that the corrosion of amalgamated
zinc in dilute sulphuric acid is accelerated by a vacuum, has been
shown to be incorrect. By removing the depolarizing oxygen of
the air, reduction of pressure retards corrosion, not only of
amalgamated zinc, but of other metals whose solution is hindered
by a polarizing film of hydrogen.

6. As regards corrosion by acids the metals experimented with,
and probably all others, may be classified as follows:

(a) Metals whose potentials exceed the discharge potential of
hydrogen on them ; these dissolve readily in acids, except such as
form insoluble salts.

(b) Metals whose potentials are less than the discharge poten-
tial of hydrogen on them ; these dissolve readily in acids only in
the presence of oxidizing agents. Gold and platinum are not

® Trans. Am. Electrochemical Soc. (1912), 21, 340.
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readily attacked by the acids in general, even when these contain
oxidizing agents.

- 7. The superiority of nitric over other acids as a general solvent
for the metals—long recognized—is due to its being at the same
time an acid and an oxidizing agent, which enables it to dissolve
metals of the second class, which non-oxidizing acids cannot do,

8. Oxygen is necessary to success in cyaniding gold ores because
in dilute cyanide solutions gold is a metal of the second class.

9. Measurements of the discharge potential of hydrogen in
solutions of potassium cyanide and sodium hydrate, and experi-
ments on the corrosion of metals in the latter, lead the authors to
think that the above classification of metals, the action of oxidizing
agents, and protection by other metals, will apply to the dissolving
of any metal in any electrolyte from which it displaces hydrogen
when passing into solution.

10. The above classification of metals according to the relative
magnitude of their potentials in comparison with the discharge
potential of hydrogen on them, applies not only to the solution
of metals, but to their electrolytic deposition. Plating baths for
depositing metals of the first class cannot be strongly acidified
without causing the deposition of much hydrogen in place of an
equivalent amount of metal; but a large proportion of acid may be
added to solutions for the deposition of metals of the second class
without greatly lowering the current efficiency through the depo-
sition of hydrogen.

Laboratory of Applied Electrochemistry,
University of Wisconsin.

DISCUSSION.

- F. N. SpELLER': I wrote out these notes relating to the pracs
tical application of the principles so well laid out in Watts’ and
Whipple’s paper, for the reason that the subject of this discuss
sion has already been partially covered in two or three rathes
extensive papers. It consists of the research on methods for con-
serving the life of galvanized-iron water pipe for hot water.

1 Metallurgical Engineer, National Tube Co., Pittsburgh.
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The rapid destruction of hot-water supply pipes under modern
conditions presents a problem involving the principles discussed
in this paper, the practical solution of which promises to be of
far-reaching impértance.

Water for domestic use is usually heated under 60 to 80 pounds
pressure to about 160° F., and in large buildings is usually circu-
lated in a closed circuit from the heater through the risers and
returns. The large amount of water used in these days of con-
venient bathing facilities and the high temperatures carried has
undoubtedly shortened the life of the pipe considerably.

Several years ago the writer started some experiments on the
removal of the free oxygen from water by contact with a large
surface of iron, and in December, 1915, a small plant, designed
on this principle, was installed in this city, in the Irene Kaui-
mann Settlement. This is still in successful operation. (The
method will be seen by looking at the section of the storage tank,
filter, and heater shown on the following pages.)

By circulation of the heated water between steel sheets the
latter become corroded, the free oxygen is used up primarily in
keeping the surface of these plates active ; the excess of hydrogen
goes into solution.

The soluble gas collected from this water showed the follow-
ing composition :

Raw Water Treated Water
Oxygen ..ovvviiiiniiannnnn.. 15.6 percent  *1.59 percent
Hydrogen ..................... 0.3 percent  22.17 percent
Carbon Dioxide ....oovvvnen.n.. 0.3 percent 0.12 percent
Nitrogen (by Diff.) ....vuen.... 81.8percent  76.12 percent
Temperature ...... eerreraeneas 160° F. 162° F.

* The oxygen collected from the hot water is low, due to corrosion of the iron
storage tank and connections, ’

The amount of free oxygen in domestic water usually ranges
from 5 to 9 cc. per liter.

The system at the time this plant was installed consisted of
old galvanized iron pipe, which was leaking every week and was
ready to be replaced. No leaks have occurred with the “passive”
Water, and new pipe installed at the same time for test purposes
shows practically no corrosion.

Brass or copper pipe naturally does not fail so quickly under
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these conditions; however, it is to be expected from what we
know of the electrochemical principles involved that these pipes
may also be protected in the same way. In new installations of
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Fic. 1. System for Removing Dissolved Oxygen from Hot Water.

i
such a size as to warrant the extra equipment required to-rende!g_
the water passive to metal, galvanized steel pipe would seem t0.
be the most economical material. :
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The unbroken film of hydrogen on the inside of a piping system

of this kind is probably a more perfect protective coating than
any other so far devised.

O. P. Warrs (Communicated) : Further confirmation of the
writer’s views on the nature of the protection afforded by amal-
gamation has just been obtained with amalgamated iron. Since
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Fi16, 2. Cross-Section of Fig. 1.

the discharge potential of hydrogen on mercury exceeds the poten-
tial of iron the theory leads to the conclusion that amalgamation
should protect iron from corrosion in acids. By the use of sodium
amalgam it has been possible to amalgamate iron. This was im-
mersed in 15 percent sulphuric acid, and for two days there was
no visible action, but on the third morning the iron had entirely
disappeared and only mercury remained. The only explanation
that the writer can offer for this sudden attack, where there had
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previously been protection, is that the superiority of the force
of cohesion between the particles of mercury over the adhesion
between mercury and iron finally resulted in the gathering of the
mercury into globules, thus leaving considerable areas of the iron
exposed. Amalgamation protects iron from rusting in water for
about the same length of time. It is hoped that further experi-
ments will lead to a better understanding of this failure of amal-
gamation to protect iron for a longer time.



SOME PRINCIPLES OF ELECTRO DEPOSITION,
By Dr. Oliver P. Watts, Wisconsin University.

This communication is in response to the request for djs.
cussion of the questions on page 18 of the February number,

‘“(d) Why is there a greater evolution of hydrogen gas iy
an alkali solution with the same current density than in an acig
solution ?

‘“(e) Why does not this greater evolution of hydrogen gas
in an alkali solution practically ruin the deposit as it would in an
acid solution?’’

In the first place it is necessary, in discussing question (@)
to limit the discussion to particular cases, for there are alkaliné
solutions in use by the plater from which gas is not evolved any
more readily than from acid solutions; for example, the silver
bath. If we confine ourselves to the acid sulphate and cyanide
baths for depositing copper, which are probably the solutions
had in mind by the questioner, the answer to (d) is as follows:

An acid solution may be considered as containing a salt of
hydrogen, and whether or not this gas will be deposited along
with the metal is controlled by the same principle that deter-
mines whether or not, when two metals are in solution, only one,
or both of them, will be deposited at the cathode on passing cur-
rent. The best way of predicting this is from the electrochemieal
series or from a table of potentials of the metals, such as was
given by Mr. H. E. Wilmore on page 8 of the Review for Janu-
ary, 1916. If the solution contains two metals that are far apart
in the series, only the one that is of lower potential is deposited
at low or moderate current densities, i. e., so long as any of
this metal is in contact with the cathode. If deposition is so
rapid that the metal of low potential cannot diffuse from the
main body of the solution to the cathode as fast as called for by
the current, enough of the seecond metal will be deposited to
make up for the deficiency; but before this occurs the current
density has become so high that the deposit is ‘‘burned.”” The
rough, dark, poorly-adherent metal called a ‘‘burned’ deposit
results from using a current density too high for the strength of
solution in the film that actually touches the cathod§ and al-
though in certain solutions this condition is acecompanied by an
evolution of hydrogen, the presence of this gas has nothing to
do with the ‘“‘burning’’ of the deposit.

This is illustrated by attempting to deposit zine and copper
from a mixture of their sulphates, in which the potentials of the
two metals are a volt apart. At low current densities a good de-
posit of pure copper is obtained; increase of current does not
yield brass, that is, the deposition of some zinc along with the
copper, until the current has been raised to such a degree that
the deposit is spoiled by burning. If the potentials of the meﬁﬂls
are close together, some of the second metal begins to be deposited
along with the metal of lower potential before the current has
become so high as to exhaust the supply of the first metal from
the film of solution at the cathode, and an alloy of the two X
produced without burning. Nickel and iron, with a difference 0
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0.003 volt in sulphate solution, are examples of metals that yield
alloys by electrolysis. The choice of the cyanide solution for
brass plating is because the potentials of zine and copper are
very close together in that electrolyte.

It has been said that acids act like salts of hydrogen, and
hence when acid is added to the solution of some metallic salt,
for example copper sulphate, there are three possibilities: First,
that hydrogen mby be deposited alone in place of copper; second,
that both hydrogen and copper will plate out; and third, that
electrolysis will proceed just as before the acid was added, and
copper alone will be deposited. What takes place depends on
the relative ‘‘discharge potentials’’ of hydrogen and of the
metal, in this case copper. The discharge potential of any ele-
ment is the potential required at an electrode (in this case we are
considering only the cathode) in order that that particular ele-
ment shall be deposited. Unfortunately the discharge potential
of hydrogen is not a constant for a particular solution, as is the
case with each metal, but is affected by the metal on which it
plates out, so that the discharge potential of hydrogen must be
known for the particular cathode employed. The discharge po-
tential of a metal is the same as the potential set up by dipping
the metal in that solution, i. e., it is the ordinary value of poten-
tial given for that metal.

The discharge potential of copper from sulphate solutions
is about 0.5 volt higher than that of hydrogen deposited on
copper from the same electrolyte, hence copper deposits in pref-
erence to hydrogen, and large amounts of sulphuric acid may be
added to a copper sulphate solution without causing hydrogen
to be deposited along with the copper. If, however, sulphurie
acid be added to a nickel bath a deposition of hydrogen results,
and only a moderate amount of acid is required to cause a com-
Plete substitute of hydrogen deposition in place of nickel.

In an alkaline solution of the double cyanide of copper and
potassium or sodium (the active material of the plater’s cyanide
copper solution) without any free cyanide, the potential of cop-
per is slightly below the discharge potential of hydrogen on
copper, and it is possible to deposit copper at low current density
without visible evolution of hydrogen; but the potential of eop-
Per rises rapidly with increase of free eyanide so that only a
little free cyanide is required to raise the potential of copper
above the discharge potential of hydrogen; when hydrogen is
deposited in preference to copper. The amount of free cyanide
Decessary to seecure good anode corrosion and a good color to
the deposit is sufficient to bring about the deposition of some

ydrogen along with the copper. The amount of free cyanide
¢an be made so great that only hydrogen and no copper is de-
P98§ted, Just as one can take a solution of zine sulphate which is
glving a good deposit of zine, and by adding copper sul'phate to
It In increasing amounts, lessen and finally prevent entirely the
deposition of zine. The reason for the change in deposit is the
Same in each case—the addition of a compound which is eapable
ol yielding at the cathode an element whose discharge potential

13



is much less than that of the metal which was bein
the outset. _

When, because of a considerable difference in discharge po.
tentials, there is a decided tendency toward the deposition of one
of two elements in preference to the other, the addition of any
considerable amount of a salt of the first element will prevent
deposition of the second by supplying at the cathode enough of
the first to earry all the current; but adding a compound of the
second element to a solution from which the first is being depos-
ited does not, as a rule, cause a change in the deposit. Much aeid
may be added to solutions of the chlorides, sulphates, or acetateg
of copper, silver, mercury, gold and platinum without seriously
diminishing the current efficiency through the deposition of
hydrogen, because the potentials of these metals are less than the
diseharge potential of hydrogen on them; but the addition of 5
strong acid (a salt of hydrogen) to a solution from which iron,
cobalt, nickel, or zinc is being deposited causes hydrogen to be
evolved at the cathode instead of much or all of the metal de.
pending on how much the discharge potential of hydrogen is
below the potential of the metal, on the amount of acid added,
and on the current density.

Although many details could not be explained within the
compass of a short letter, it is hoped that the general prineiple
governing the simultaneous deposition of two elements, or the
deposition of one in preference to the other, has been made clear,

g deposited at

DON'T BE LIKE A LOBSTER.

The lobster, when left high and dry among the rocks, has
not sense or energy enough to work his way back to the sea,
but waits for the sea to come to him. If it does not come, he
remains where he is, and dies, although a little effort would en-
able him to reach the waves, which are, perhaps, tossing and
tumbling within a few feet of him.

“ENGLISH AS SHE IS SPOKE.”’

They sometimes say, ‘“‘It’s eold as ”
Sometimes they say, ‘‘It’s hot as ——”’

And when it rains ‘“‘It’s ——’’ they cry.

It’s also when it’s dry.

They ‘‘hate like ——’ to see it snow,

“It’s a of wind’’ when it starts to blow.
Now ‘““How in ——’’ can anyone tell,

‘““What in —’’ they mean by the word of ——?

Appreciation is valued because it is the testimony to an ac-

complishment. There is no joy comparable with that given by
the realization of a work well done.

He who thinks only of himself hasn’t any too much to think
about.

14



SOME CHARACTERISTICS OF FIRE CLAY AND SILICA
REFRACTORIES
0. L. KowALKE
Chemical Engineering Laboratories, University of Wisconsin.
As'read at the Seventeenth Annual Convention of the Wisconsin Gas
Association at Milwaukee, March 26 and 27, 1918.

The answer to the question “What is the best refractory ?” is
not simple. The use for which a refractory is intended will
determine its composition and characteristics. Because of the
wide variation in quality of the raw materials and the inde-
terminate reactions in the process of burning the ware, the
finished products will vary between wide limits. Some of these
products will have the property of being infusible at the highest
temperatures attained in combustion operations and of being
resistant to cracking through sudden changes in temperatures.
Some will resist the corrosive action of slags and fluxes and the
cutting action of flames ; others will resist abrasive actions. The
principal refractory materials of importance to the gas indus-
tries are fire clay and silica; they have quite different properties
and can not be used interchangeably for all purposes.

Fire bricks are made by moulding into the desired shapes a
mixture of moist fire clay and grog, which after being dried is
fired to about 1300°C. Fire clay is a most complex material,
the principal ingredient being a hydrous silicate of alumina

(ALOs, 2 Si O, 2H:0), and in addition there may be many
other elements present. The elements in clay other than the
silicate of alumina have a decided influence on the way the clay
behaves when heated. Clay does not possess a sharp melting
point like copper or iron; it sinters together, becomes less
borous, contracts in volume, and softens gradually until finally
it will low. The sintering of clay is accompanied by contrac-
tion and is due to the melting of some of the more fusible con-
Stituents which dissolve the less fusible and bind the whole into
4 compact mass. This contraction is increased by raising the
temperature or extending the time of exposure. To avoid sub-
Sequent shrinkage, it is important that the brick be fired at a
,tempe(ll'ature higher than that obtained in the furnace where it
is used. '

The greatest portion of the material used in brick is grog.

rog is a term applied to burnt fire ¢lay or ground fire brick
Which serves as the framework: Mellor has called grog the
skeleton and the clay bond the flesh of the refractory. When
a brick is burned the clay bond sinters and part of its own
More fusible constitutents dissolve portions of the clay and of

€ grog. This plastic mass binds the skeleton together into a
solid brick, Each clay has its own capacity for dissolving



grog and upon this fact depends to some extent the refractoriness
of a brick. If grog is made of the same material as the bong
clay the tendency toward mutual solution is increased, The
character of the grog controls the contraction of the brick
during burning because of its solubility in the bond clay. Some
grogs are sparingly soluble in the clay and the refractorinesg
of that brick is apt to be high.

The grog should be so graded as to size that the voids between
the larger particles are filled with smaller particles and the
whole cemented together by the clay. If only coarse particleg of
uniform size are used, shrinkage cracks in clay develop on dryiy
and firing which are sources of weakness. Coarse ground ;;rog
produces brick which are more resistant to cracking due tc
sudden changes in temperature than fine grained brick, Brick
made with a coarse grog have a lower crushing strength colq
they do not resist wear and abrasion so well ; they will in gener)
resist a high temperature before softening ; they do not resist
corrosive slags and the cutting action of flames so well as brick
made with a fine grog. Thus it is apparent that all conditions
in furnace operations are not met by any one fire brick. Each
condition must be served by a brick made with a combination
of clay and grog that is best suited for the purpose.

Fine-grained texture gives brick the property of resisting the
corrosive action of slags, dust, fluxes, etc. The slag or flux first
attacks the bond clay and very soon eats out a small pocket.
Should the grain be coarse, the particle of grog may fall or be
scraped out and thus new surfaces of clay be exposed; with
fine-grain texture there is not the danger of dislodgment of
particles but the slag or flux must eat its way in. For retorts
and similar devices a fine texture material is superior to a
coarse omne, other things being equal, because of the lower
porosity of fine textured material, there will evidently be less
gas loss. On the other hand a fine textured refractory will
crack easier with sudden changes of temperature. Hence for
retorts the size of grog and its proportion to clay bond must
be carefully determined. The preceding discussion has touched
on only a few of the complex problems in fire clay ware. The
problem with silica is somewhat simpler. )

Silica brick consists of crushed quartzite mixed with a suit:
able binder of slaked lime, moulded into desired shapes, dried
and then fired to convert the mixture into a mineral complex
which possesses desirable properties for furnace construction.
The desirable properties are:

(1) Ability to withstand sudden. changes of temperature
without cracking or disintegration ;

(2) Refractoriness at the highest temperature employed it
the furnace;



(3) Resistance to the attack of products of combustion ;

(4) A regular and not excessive co-efficient of expansion,

The silica is the skeleton and the lime is the binder. Upon
firing a lime silicate is formed which is more fusible than silica,
and which binds the particles together. The more lime that is
used, the more readily will the brick fuse at a lower tempera-
ture. Since the formation of lime silicate is aided by intimate
contact of lime and silica, hence the smaller the particles the
larger will be the surface exposed per unit volume and the
greater the amount of lime silicate formed. One method of
obtaining a minimum of voids and surface of silica is to mix
two sizes of silica, one about one-half the size of the other. Such
a procedure also reduces the lime bond necessary.

Fenner of the Geophysical Laboratory at Washington has
investigated the transformations occurring in silica at elevated
temperatures and found that:

(1) The change from alpha to beta quartz occurs at 575°C
and is rapid and reversible.

(2) The change from beta quartz to tridymite occurs at
870°C and is very sluggish and also reversible.

(3) The change from tridymite to cristobalite occurs at
1470°C and is very sluggish and also reversible.

The specific gravity of quartz is about 2.66, that of tridymite
and cristobalite 2.27 and 2.33 respectively. Thus the tridymite
and cristobalite are lighter tban quartz from which they origi-
nate. This explains why a silica brick expands upon being
fired.  In firing silica brick the change that occurs is from
quartz to cristobalite mainly, but this change takes place very
slowly. When all the quartz has bren changed to cristobalite
the change in volume is complete and no further expansion
takes place.

Seaver* has shown that brick made from Baraboo quartzite
and burned for forty hours at 1540°C had about 77 per cent
of the quartz changed to cristobalite. A second and third re-
burning at the same temperature for 40 hours, extended the
change from quartz to cristobalite to about 83 per cent and 84
Per cent respectively. The expansion in the brick intended for
by-product coke oven silica is 34 to 7%g inch per foot which is
Somewhat better than 13 per cent by volume which is the change
from pure quartz to wholly cristobalite.

Ross** cut two-inch tubes from silica brick made from the
Principal quartzites in this country and fired them at 1400°C,
1450°C and 1500°C. He found that the porosites decreased, the
volume expansions increased, and the specific gravities decreased

Seaver—“Manufacture of Silica Briok”—Met. & Chem. Eng. 1915,
“Ross—Volume Changes in Silica Brick—Trans. Am. Ceram, Society 1917.
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with treatments at the temperatures noted above. The Penngy).
vania and Wisconsin quartzites that had reached equilibriyy
upon firing at 1500°C showed very small changes as compareq
to the same materials fired at 1450°C. '

Thus it is clear that unless silica brick are fired above 1470°¢y
to complete the change from quartz to cristobalite, there wij
always be a residual expansion in the brick when subsequently
heated in furnace operations. Such expansion will result ip
the formation of cracks in the walls of the furnace or retort
that may be very serious.

From the results of the tests on the volume changes in
silica brick, Ross* believes that a fairly accurate and rapiq
determination of the completeness of the volume change and the
firing temperature can be made by taking the specific gravity of
the brick.

The methods proposed by Ross for volume, porosity and
specific gravity changes are as follows:

Volume=Wet Weight—Suspended Weight.
Wet Weight—Dry Weight
Wet Weight—Suspended Weight
Dry Weight
(Wet Wt.—Susp. Wt.)—(Wet Wt.—Dry Wt.}

“The range of porosities observed are between 22.64 per cent
and 31.96 per cent and indicate what is likely to be found in
industrial practice.” The specific gravities of all bricks tested
by him lay within the limits of 2.66 and 2.27 which are also the
limits between raw quartz and tridymites. Since the specific
gravities of tridymite and cristobalite are 2.27 and 2.33 re
spectively, there is ample range to designate those bricks which
have been fired at a high enough temperature, and to fix the
quality of the material. The tests proposed by Ross are simple
and may be made rather rapidly.

Porosity=—

Specific Gravity=

*Ross —Volume Changes in Silica Brick—Trans. Am. Ceram. Soc. 1917.
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A paper presented ai the Thirty-third Gen-
eral Meeting of the American Eleciro-
chemical Society, at Birminghom, Ala.,
May 3, 1918, President Fink in the Chair.

WHY BUSY RAILS DO NOT RUST.!

By Oniver P. Warrs.?

ABSTRACT,

The author reviews at length the observations made since 1843
on the fact that idle rails appear to rust faster than busy ones. He
criticizes some of the attempted explanations, and shows by experi-
ment that they are not valid. Believing galvanic action to be
chiefly responsible for the protection of the busy rails, measure-
ments were made which showed the used head of a busy rail to
be electrically positive to the rest of the rail. Confirmatory tests
were made by straining (cold working) iron rods, showing the
worked part to be electro-positive to the unworked. The author
concludes that his observations, experiments and explanations have

fully exposed the reasons for the phenomenon in question.—
[J. W.R]

It is a common observation that rails in the main line of a rail-
road never rust seriously, although those made of the same mate-
rial but laid in a siding where there is little or no traffic, are soon
badly rusted. '

The observation of this phenomenon dates back to the infancy

of the railroad. Robert Mallet® quotes a report of George Steph-

cnson as follows: “One phenomenon in the difference of the

tendency to rust between wrought iron laid down as rails, and

subjected to continual motion by the passage of the carriages over

» and bars of the same material either standing upright, or

kid down without being used at all, is very extraordinary. A
nailway bar of wrought iron laid carelessly upon the groun

* Manuscript received March 4, 1918, '
\ssociate Professor of Chemical Engineering, University of Wisconsin.
*Report of Brit. Assoc. for the Advancement of Science, 1843, p. 28.
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174 OLIVER P. WATTS.

alongside of one in the railway in use, shows the effect of rusting
in a very distinct manner ; the former will be continually throwing
off scales of oxidated iron, while the latter is scarcely at aJf
affected.”

In commenting on this observation of Stephenson, Mallet says,
“When rails lying parallel on the same line of way, but one set
in and the other out of use, are examined, appearances do un-
doubtedly seem to support the opinion. The unused rails are
found covered with red rust, often coming off in scales paralle]
to the surface, while those in use present a light brown or buffish
coat of rust, without any loose scales. I am much disposed how-
ever to believe that there is no real difference in the amount of
corrosion in the two cases, and that the difference in appearance
arises partly from a deceptio visus, by the effect of the bright and
polished upper face of the used rail (kept so by constant traffic)
contrasted with the rusty face of the unused rail, and partly from
the fact, that as fast as rust is formed upon the rail in use, it is
shaken off by the vibration of passing trains and blown away by
the draft of wind which accompanies their motion, and that the
rail is soiled and partially blackened by coke and other dust, etc.”

From 1842 to 1849 Mallet* conducted three series of experi-
ments with full-sized rails, each series comprising rails laid in the
track, others laid beside those in use but not traveled over, and
still others laid in the track but protected from atmospheric oxi-
dation by a coating of tar. After making allowance for losses by
abrasion, he reported the loss by corrosion in grains avoirdupois
per square foot per year to be as follows:

1st Exp. 2d Exp. 3d Exp.
Time in Days. 303 730 1460
Railidle ...l 213.38 76.00 96.18
Railinuse......................... 103.04 3287 83.53
Difference ........................ 110.34 3313 1265

Mallet assumed that the top of traveled rails did not corrode,
and hence omitted the area of the top in reckoning the surface
of used rails. A recalculation of his results on the basis of the
total surface of used rails gives 87.30, 27.85, and 70.77 for the
losses of rails in use instead of the values published by Mallet;
the corresponding differences in corrosion of idle and busy rails

¢ Report Brit. Assoc. for Advancement of Science, 1849, 88.
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are 126.08, 48.15, and 25.41 grains per square foot per year. It
is noteworthy that the longer the period of exposure, the less the
difference between the corrosion of busy and idle rails. This will
be referred to again later. In explanation of the different rates
of corrosion Mallet calls attention to the fact that “every metal
is electropositive to its own oxide,” and says, “Now the rust
formed upon a railway bar in use is perpetually shaken off by the
vibration of traffic, and thus this source of increased chemical
action is removed.”

W. H. Barlow® in 1868 comments on the phenomenon as fol-
lows: “The great difference between the effects upon rails laid
. ina siding and rails laid in the main line was, that the one by the

wear of traffic had a polished surface, and the other had not; and
he thought it quite possible that a galvanic action arose between
the polished and the unpolished surfaces, which tended to preserve
the general body of the rail.”

Cushman, Friend, and Sang, in their books on the corrosion of
iron® call attention to this comparative freedom from rust of busy
rails, and suggest various explanations for it. Sang says, “Gal-
vanic action between the smooth head of the rail and the rest of
it has been suggested to explain this immunity from rust, but it
is not at all likely that the foot would owe its protection to the
thin stratum of denser metal so far removed from it. If that
dense skin on the top of the rail were not crushed beyond its
elastic limit, it would, on the contrary, tend to accelerate the cor-
rosion of the steel in contact with it. The real reason for this
difference of behavior seems to lie in the observed fact that
oxidation is apparently arrested, or at least greatly retarded, by
vibration. Explanations seem to stop at this point, but a simple
theory can be built on the assumption that the vibration causes a
shedding of the rust as soon as it is formed on the spots that are
not protected by mill scale, and there is, therefore, no acceleration
Qf the action due to the accumulation of spongy and electro-nega-
tive rust.”
Commenting on the above explanation, Friend says, “No doubt
this is 5 partial explanation, but the freedom from rapid rusting
* Proc, Inst. Civil Eng,, 27, 570,

*G : Corrosion and Preservation of Iron and Steel, 1910, p. 108.

Priend; Corrosion of Iron and Steel, 1911, pp. 99, 118, 247.
Saag: Corrosion of Iron and Steel, 1910, p. 71.
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may be due in part to the rise in temperature caused by the rush
of trains over the metals, whereby the rails are maintained at g
temperature slightly above that of their surroundings. T'he result
is that liquid water has no good opportunity of condensing upon
them, or, if once condensed, it is rapidly vaporized and corrosion
retarded.” '

Cushman ascribes protection to “the fact that frequent and
recurring vibration was sufficient to break up points of specific
potential differences on the surface.”

The idea that rails in constant use owe their immunity to rust
to galvanic action between the strained and unstrained metal does
not at present seem to be accepted. This is perhaps not strange,
for until comparatively recently’ it had not been surely demon-
strated by experiment that cold-working renders iron electro-
positive, and it was also generally held that the E.M.F. between
strained and unstrained iron or steel, granting that a difference
of potential exists, is too small to exert a protective effect on the
rest of the rail, especially on those parts which are several inches
distant from the head of the rail.

Believing galvanic action to be chiefly responsible for the ob-
served difference between the rusting of used and idle rails, the
writer endeavored to ascertain if the head of a used rail is really
positive to the remainder of the rail, a point which seems to have
been left undetermined so far in the discussion of this question.
Through the kindness of Mr. G. N. Prentiss, chemist for the
Chicago, Milwaukee & St. Paul R. R., a section of used rail was
secured. Pieces were cut from the top and the bottom, and
covered with paraffine except for one side, so that the exposed
surfaces should be approximately equal and that on the piece
from the top only the worn surface of the rail should make contact
with the electrolyte. The E.M.F. between these pieces was
measured in normal potassium chloride by means of a poten-
tiometer. The initial voltage was 0.078 volt, rising in five minutes
to a maximum of 0.084, from which value it slowly fell to 0.029
at the end of an hour, during which time the electrodes were not
moved. On shaking both electrodes the E.M.F. rose to 0.056, but
dropped in 3 minutes to 0.037. The potential measured by a milli-
voltmeter of 16 ohms resistance immediately after the last reading

" Burgess and Thickens: Tr. Amer. Electrochem. Soc., 1908, 13, 31.
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by the potentiometer was only 0.015, which fell in 2 seconds to
0005 volt. A millivoltmeter is unsuited for reading the E.M.F.
between electrodes of such small surface as these, viz., 6 sq. cm.

Instead of removing any slight differences of potential that
naturally exist on the surface of the rail, as was contended by
one of the authorities on corrosion previously referred to, the
passage of trains develops a difference of potential exceeding 80
millivolts, between the upper surface and the rest of the rail.
The question now is: To what extent is this E.M.F. responsible
for the lessened corrosion of busy rails?

The prevention of the corrosion of dron by connecting the metal
as cathode and sending current to it from a source of E.M.F.
outside of the corroding solution has been the subject of several
investigations, and this principle is the basis of a number of
patented processes for preventing the deterioration of metals and
alloys when exposed to severe corrosive conditions. Gee® found
0.088 ampere per square foot (1 per sq. meter) to be more than
sufficient to protect iron from corrosion in 1 percent sodium
chloride solution. Harker and McNamara® found 0.004 ampere
per square foot (0.044 per sq. m.) to be sufficient to prevent the
corrosion of iron in sea water, and Clement and Walker® obtained
the same result by using a current density of 0.11 ampere per
square foot in N /100 sulphuric acid. In the Cumberland process
for preventing the corrosion of boilers 0.001 ampere per square
foot (0.011 per sq. m.) has proved sufficient for the purpose.®

That the E.M.F. between strained and unstrained iron is great
enough to cause selective corrosion in dilute acids was conclusively
proved by the experiments of Burgess and Thickens previously
referred to. In view of the small current density that was found
to prevent corrosion of iron under the severe conditions of immer-
sion in sea water, it is to be expected that the strained condition
of the upper surface of used rails will exert a considerable pro-
tective action on the rest of the rail when the electrolyte is so
slightly corrosive as is the dew or rain water which wets the rails.
It might seem, therefore, that the whole matter has been cleared
up; but while the formation of a local couple by contact of two
dissimilar metals in an electrolyte lessens the corrosion of the

:Tnm. Faraday Soc., 1913, 9, 120.
o Soc. Chem. Ind., 1910, 29, 1286. -
¥ Trans, Amer. Electrochem. Soc., 1912, 22, 198.
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cathode, the rate of corrosion of the anode is thereby increased,
and the question arises whether or not the total loss in weight of
both materials is increased or diminished by putting them in
contact.

To determine this a bar of mild steel (about 0.4 percent C)
% in. (1.9 cm.) square and 4 inches (10 cm.) long, was machined
in a lathe to a diameter of 34 in. (1.6 cm.) for a distance of an
inch (2.5 cm.) in the middle of the bar, leaving the ends un-
changed. The bar was then twisted through 180° in a testing
machine, by which a local couple having an E.M.F. of 80 millivolts
was formed between the cold-worked middle and the unstrained
ends. The bar was then machined to a diameter of 0.563 in.
(1.4 cm.) throughout its entire length. A similar cylinder was
prepared from unstrained metal, and the two were immersed to a
depth of 374 inches (8.2 cm.) in N/5 hydrochloric acid for 72
hours. After cleaning, drying, and weighing, it was found that
the bar in which the local couple had been formed by cold-working
had lost 6.768 grams, while the other had lost only 5.436 grams.
This means that the efficiency of cathodic protection by the current
generated by the local couple was much less than 100 percent;
at an efficiency of 100 percent the excessive corrosion of the anodic
portion of the bar caused by the voltaic action would have been
exactly counterbalanced by the protective effect on the cathodic
portions, and the loss in weight of this specimen would have been
the same as that of the unstrained metal.

In acid of the same strength as that used in this experiment,
and also in sea water, Harker and McNamara found that the
corrosion of zinc or iron which naturally occurred in these solu-
tions could be overcome by inserting an anode of the same metal
and making the corroding metal cathode, while passing a current
exactly equivalent to the amount of metal previously lost. Clement
and Walker reported the same condition to hold with regard to
the protection of iron in N /100 sulphuric acid even when an in-
soluble anode was employed, i. e., the efficiency of cathodic pro-
tection is 100 percent when the source of E.M.F. which produces
the current is situated outside of the corroding solution. The low
efficiency of protection found by the writer in the case of strained
versus unstrained iron, corresponds to the wasting of an unamal-
gamated zinc in a voltaic cell with an acid electrolyte. In neutral
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electrolytes, as when rails are laid in a track, a high efficiency of
protection is to be expected, just as there is a high efficiency of
utilization of an unamalgamated zinc anode in neutral electrolytes.

Mallet’s experiments on the rusting of used and idle rails
showed an apparent efficiency for the protective action greatly
in excess of 100 percent. It is of course impossible that this can
be directly due to the protective effect of current flowing from the
head of the rail, but it is a simple matter to find a logical explana-
tion for it. As has already been indicated, it is generally recog-
nized that the presence of rust is a stimulator to further rusting,
and that the thickness, age, and porosity of the rust are factors
of importance in determining the rate at which rusting proceeds.
Traffic keeps bright the upper surface of the rail, where the coat
of rust would otherwise be heaviest, and the current flowing from
this lessens the thickness, and probably modifies the quality of the
coat of rust on other parts of the rail ; the result must be a slower
accumulation of rust on used than on idle rails (meaning those
which have never been used), and therefore less vigorous action
by that stimulator of rusting, rust itself. This view is supported
by Mallet’s observation that the rates of rusting of used and of
idle rails become more nearly equal as the time of exposure is
increased.

Among explanations offered by previous writers for the lessened
corrosion of rails in use are:

1. That vibration causes shedding of rust and so, in the presence
of less of this stimulator of corrosion, rusting will be diminished.

2. That vibration breaks up areas of different potential that are
naturaily present on the surface of iron or steel.

3. That there is a voltaic action between bright or polished and
dull or rough iron which, in some manner not explained, lessens
the total corrosion of the rail.

4. That the rise in temperature produced by the passing of trains
causes a more rapid evaporation of moisture from the used rails,
and for this reason lessens corrosion.

This paper proves that an E.M.F. exists between the top and
other portions of used rails acting in such a direction as to protect
€ rest of the rail ; but it is manifestly impossible that a current
generated by corrosion of one part of a bar of metal in a single
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solution shall, by its protective action on the other part, directly
lessen the total corrosion.

The writer presents the view that the lessened corrosion of rails
in use is due to a combination of two of the causes mentioned by
previous writers, viz., voltaic action between strained and un-
strained metal in the rail, which results in a slower formation of
rust on the cathodic portions, and that thereby the normal accelera-
tive action of rust is greatly diminished ; and the complete removal
of rust from the top of the rail, where it would otherwise form
most rapidly and exert the greatest accelerative effect on rusting.

Chemical Engineering Laboratories,
University of Wisconsin.

DISCUSSION.

C. G. Fing*: This subject of corrosion is probably the most
important subject of electrochemistry from our Government’s
point of view, and the Bureau of Standards and other large labo-
ratories have carried out a very large amount of work along
this line.

Jos. W. Ricuarps?: The phenomenon of the strained part
being electro-positive toward the unstrained is due to the fact
that work has been done upon it and has changed its shape, and
therefore it has a little more energy to give out when it dissolves
than if it were unstrained. It is the old question of taking a
spring and coiling it; when it is coiled you have stored up in it
some mechanical energy. If now that coiled spring is dissolved
in acid, it must give out and will give out, in the form of heat,
the heat of solution of the unstrained steel plus the equivalent of
the mechanical energy which was put into it in cooling it. In the
same way, the strained portion has some mechanical energy to
give out which the unstrained portion has not, and therefore if
you put in a solution a piece of strained iron and a piece of un-
strained iron, the strained iron will act as the anode, because in
going into solution it gives out more energy than the unstrained.

* Head of Laboratories, Chile Exploration Co., New York City.
? Prof. of Metallurgy, Lehigh University, Bethlehem, Pa.
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The strained part of the rail will therefore act as an anode and
the unstrained part, which is the rest of the rail, as cathode, and

therefore protected by any current which may flow through the
film of moisture on the rail.

Cart, HERING®: Is it an experimental fact that the strained
portion is always the anode?

Jos. W. RicHARDS: According to this paper, yes.
Cart, HeriNG: Is there no other evidence?

Jos. W. RicuArDs: I believe that has been rather elaborately
tested and proved, and this paper confirms that view.

Cary, HEriNG: I did not question it, and theoretically it seems
that it should be so; I was merely interested in knowing whether
the fact was established.

H.D. HisBArp*: To the explanation given in the paper should,
I think, be added the one that busy rails are being continually
spattered with oil. The explanations given in the books of the
last century seemed to me inadequate, and for the past forty
years I have considered the protecting influence of oil to be the
reason why busy rails rusted less rapidly than those in an idle
track alongside. I have thought that idle rails between busy rails
such as guard rails at bridges and at frogs rusted no more rapidly
than the rails which bore the traffic, but know of no determina-
tions bearing on that point, though it may be worthy of quantita-
tive study.

A drop of oil on a warm rail, as in summer time, spreads to

many times its original area and its protective power is quite
lasting.

O. P. Warrs (Communicated) : Mr. Hering will find further
experimental evidence, corroborated by photographs, of the fact
that strained iron is anodic to the unstrained metal, in reference
7 of this paper, the presidential address delivered by C. F. Bur-
gess before this Society in 1908.

+ Consulting Eleetrical Engineer, Philadelphia, Pa.
Consulting Metallurgist and Engineer, Plainfield, N. J.
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BRITTLENESS PRODUCED IN STEEL SPRINGS BY
ELECTROPLATING.

By O. P. Warrs! anp C. T. FLECRENSTEIN.?

ABSTRACT.

Tests on watch springs, to determine whether the brittleness
induced in steel by use as cathode in strong cyanide electrolyte
is due to the presence of free cyanide or to electrolytically gener-
ated hydrogen. The conclusion of the tests is that the latter is
the cause of the brittleness.

Under the same caption as the above, M. DeK. Thompson and
C. N. Richardson® published the results of an experimental in-
vestigation of the cause of brittleness in steel springs when plated
with copper from a cyanide solution, and concluded that the brit-
tleness observed is due to the cyanide, and not to hydrogen.
“These experiments indicate that the cyanide radical in combina-
tion with electrolysis is the cause of the brittleness.” Another
conclusion is, “Brittleness was not produced by the liberation of
hydrogen on steel.”

The brittleness caused in thin steel springs by pickling in acids
for the purpose of removing scale has long been recognized, and
has very generally been ascribed to absorption of hydrogen by
the steel. That the matter is of interest to technical men is indi-
cated by the fact that two of the papers presented at the last
meeting of this society dealt with methods of preventing such
embrittling of steel. Coulson* removes scale from steel without
exposing it to the action of hydrogen by using it as anode, and
Teports entire freedom from brittleness ; Fuller® secures the same
result when copper-plating steel from a cyanide solution by first

5%‘:3:5 t?%&gjﬂ%l;cfgéc% Ecnoii:i:ring, University of Wisconsin.

¢t. & Chem. Eng., 1917, 16, 83.

':'{r. Amer, Electrochem. S., 1917, 32, 237.
T. Amer, Electrochem. S., 1917, 32, 247.
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coating the steel with tin. Although the experiments of Coulson
and Fuller indicate that hydrogen is probably responsible for brit.
tleness, they do not absolutely prove this. To secure more definite
evidence in the case “Cyanide vs. Hydrogen,” the authors have
carried out a number of experiments, which are here presented,

Watch springs were selected as the material for the tests, since,
on account of their thinness and temper, they are particularly
susceptible to brittleness. The test for brittleness consisted in
bending the spring around a steel rod 14 inch (6 mm.) in diam-
eter. The untreated springs withstood this test, whether bent
with or opposite to their natural curvature. Springs recorded as
brittle broke when bent in the same direction as their curvature,
by no means a severe test. The springs varied from 0.16 to 0.23
mm. in thickness,

TESTS.

A spring was immersed in 30 percent sulphuric acid for two
minutes, and was very brittle after this treatment.
Springs were then used as cathode in several electrolytes from

which hydrogen is deposited on the cathode on electrolysis, with
the results shown in Table I.

TasLE 1.
Ex [ . \ Amp./
p. Electrolyte ’ Time Amp. £q. dm. Result
!

- l -
| | . .

1. {30% H.SO............ - Smin. | 005 | 25 | Spring very brittle.

2 [ n.KaSO% ool ' Smin. | 005 | 25 | Brittle.

3. In.HCl .............. 3min. | 006 | 3 Very brittle,

4 In.KCl............... * 3min, I 0.06 | 3 BrIi\Ittle, but less so than
I o. 3.

5. | NaOH(15.5g./100 c.c.) 5min. E 0.04 | 0.26 | Not brittle.

6. { NaOH (ditto)........ 15 min. 1'0.04 | 0.26 | Brittle, bluing removed.

When used as cathode in the hot “electric cleaner” at 9 volts
and thus exposed to a storm of hydrogen, a spring is rendered
quite brittle in 15 seconds, and in 30 seconds is ruined.

In order that electro-plating may adhere to the springs it is
necessary that the bluing be removed and that they be freed from
every trace of grease. Since the usual means employed for these
purposes cause the liberation of hydrogen and render the springs
brittle, resort was had to a hot alkaline solution for the removal



TasrLe II.

)

No. podel Bath Hydrogen | Deposit | Brittleness Time, Amp.  |Amp./sq.dm.
7. Cu Cyanide, free Cy. Yes Fair Brittle 20 0.002 0.21
8. Cu Alk. tartrate No Poor Not brittle 60 0.002 0.16
9. Cd Cyanide No Good Not brittle 39 0.05 26

10. Cd Cyanide and free Cy. Yes Fair Brittle 40 0.02 0.18
11. Cd Fluoborate, acid Yes Good Brittle 30 0.05 0.31
12. Cd Fluoborate, faintly acid No Good . Brittle 10 0.10 42
13. Au Cyanide, free Cy. No Good Not brittle 12 0.12 11
14. Zn Sulphate 4 Ci No Poor Not brittle 40 0.004 0.46
15. Zn Sulphate + ClI, slight acid No Poor Not brittle 40 0.004 0.74
From Hot Baths, temperatures 82 to 85°C.
16. Ag Cyanide, free Cy. No Good Not brittle 5 0.082 20
17. Cu Cyanide No Poor Not brittle 7 0.11 0.54
18. Cu Cyanide, free Cy. No Bright Not brittle 4 0.11 10
19, Cu Cyanide, much free Cy. Yes Bright Brittle 5 0.11 0.5

‘SONIEAS TAYLS NI SSANFILLING

1l1
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of grease, while the bluing was removed in several different ways:
(1) a solution of FeCl,, (2) a boiling solution of 10 grams am.
monium citrate in 100 c.c. of water, (3) concentrated hydrochloric
acid containing about 3 percent by volume of formalin. The sec-
ond of these solutions proved most satisfactory, usually removing
the bluing in a few seconds without even diminishing the luster
of the spring. The third solution acts almost instantaneously,
and if the spring is not exposed to its action for more than one
second it is not injured, but is rendered brittle by immersion for
a minute.

After being freed from grease and bluing, the springs were
plated as indicated in Table II. Unless free cyanide is specified,
the excess of this usually present in plating baths was removed
by adding a salt of the metal to be deposited, until a permanent
precipitate resulted. Electrolysis was at room temperature, about
23° C,, unless otherwise stated. Since Thompson and Richard-
son used their cyanide copper bath hot, it was thought desirable
to test the effect of heat with a few of these solutions, although
it was expected, from the lessened brittleness of iron and nickel
when deposited from hot solutions that the only effect of heating
the electrolyte would be to lessen somewhat the brittleness of the
springs.

In every case in which the evolution of hydrogen could be de-
tected, and in one case where none was observed, the spring was
rendered brittle. By removing the free cyanide from the copper
solution and using it hot it was possible to deposit copper on the
spring without making it brittle, but the plating was too poor to
be of value commercially. No. 18, however, was an excellent
deposit. Hydrogen is not evolved from silver or gold baths at
reasonable current densities even in the presence of free cyanides,
and in no case did the plating of springs from these solutions
render them brittle,

It seems certain that any brittleness of steel springs acquired
during plating cannot be due to cyanide, and it seems highly prob-

able that brittleness caused either in pickling or plating is due to
hydrogen.

Chemical Engineering Laboratories,
University of Wisconsin.

¢ Tr. Amer. Electrochem, Soc., 1917, 31, 303.
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CRUSHING STRENGTH OF MAGNESIA-SILICA MIXTURES AT -
HIGH TEMPERATURES.!

By O. L. KowaLkg? axp O, A. HouGgn.?

ABSTRACT.

Magnesia was mixed with varying proportions of silica, baked
at various temperatures, and cylinders of the mixture subjected
to pressure in an electrically heated furnace, the pressure being
applied by a carbon rod, at carefully measured temperatures. The
various mixtures were compared by noting the temperatures at
which they were crushed by a given applied pressure. Maximum
strength was found in mixtures with 714 percent silica. The
apparatus used is described, and microphotographs shown which
explain the theory of the formation of compounds between mag-
nesia and silica at the various temperatures. [J. W. R.]

Magnesia, because of its high melting temperature and strong
basic qualities, is one of the most important refractories for elec-
tric furnace operation. It has served for crucibles used for melt-
ing alloys at high temperatures, especially where it was desired
to keep the metal or alloy free from contamination with carbon.
Although magnesia melts at 2,800° C.,* it becomes mechanically
weak and somewhat plastic much below this temperature, so that
when used for crucibles it must be backed up by some stronger
material. At temperatures above about 1,600° C. a charge of
molten iron in a crucible 3 inches by 5 inches high (7.6 cm. by
127 em.) will break through the magnesia, owing to its low me-
chanical strength.

"‘inuscript received March 2, 1918. .

sxrefessor of Chemical Engineering, University of Wisconsin.
N ctor in Chemical Engineering, University of Wisconsin.
Kanolt: Bull, Bureau Standards, 10, 295.
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An investigation was made by one of us to determine whether
the addition of various metallic oxides, such as AL,Q,, Cr,Oy

TiO,, $i0,, ZrO,, to magnesia would give a mechanical strength
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at high temperatures greater than magnesia itself. This prelimi-
nary investigation showed that in general there was an increase
in mechanical strength. Of all the materials tried, silica gave
the best results.

The purpose of this investigation was to determine more closely

the influénce of silica upon the crushing-strength capacities of
silica-magnesia mixtures at high temperatures.

PROCEDURE.

A pure grade of magnesia was prepared from Merck’s “Mag-
nesium Oxydatum” by calcining the same in a gas furnace at
about 1,500° C. The analysis of the calcined product was:
Mg0O 99.92, Fe,O, 0.08, H,0 0.02. The silica used was obtained
from a rather good grade of quartz, which analyzed: SiO, 97.66,
Ca0 0.86, Fe,O, 0.80, H,O 0.08. :

Both materials were ground to 40-mesh (16 per cm.) in a
porcelain ball-mill. After grinding, the two were mixed in the
various proportions desired and tumbled again in a porcelain ball-
mill to insure intimate mixture. From the mixtures of silica and
magnesia test cylinders were made.

The mixtures of silica and magnesia were moistened with 10
percent (an amount found most effective) of their weights of
water, and then formed into cylinders in a hydraulic press under
a pressure of 1,500 Ib. per sq. inch (105 kg. per sq. cm.). They
were dried at 100° C., and then baked in a granular carbon re-
sistor furnace to about 2,100° C. After the cylinders had cooled
in the furnace, they were ground to a uniform cylindrical form,
Linch diameter by 2 5/32 inch long (2.54 cm. diameter by 5.5
tm. long), with the ends parallel.

The test cylinders ‘were then put under a uniform static load
of 66.5 1b. per sq. in. (4.65 kg. per sq. cm.) and heated at a uni-
form rate until they failed. The rise in temperature and the tem-
Perature at which failure occurred were measured by means of
2 Holborn-Kurlbaum optical pyrometer.

APPARATUS.
The furnace used for testing the cylinders is shown in Plate I.

€ resistor consists of carbon plus ten percent of carborundum.
he magnesia-silica cylinder under test (D, Plate II) rested upon
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a graphite block 4 which was held in place by a graphite crucible
B. The pressure was transmitted to the magnesia cylinder p
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Prate II.

through the carbon tube C and the graphite disc E. Recesses
were turned in the disc E so that the test cylinder D and the car-
bon tube C were held in place. A cover ring of graphite F was
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placed on top, and another graphite tube G was fitted around the
crucible B to prevent the resistor from falling in.

Pressure was applied to the carbon tube by means of a lever
and weight, so arranged that eccentric loading was minimized.
The lever was kept as horizontal as possible, and the motion side-
ways was also mestricted, yet freedom of motion in a vertical plane
was possible.

The Holborn-Kurlbaum optical pyrometer was mounted on a
platform so that the line of sight in the telescope coincided with
the axis of the carbon tube C, Plate II. The tube C served as
a “black body” for observing the temperature of the test cylinder.
The brightness of the lamp filament in the pyrometer was matched
against the brightness of the disc E which was 14 inch (6.5 mm.)
thick at the section covering the test cylinder. All carbon and
graphite parts used in the temperature measurements were first
thoroughly heated to above 2,100° C. to distill off any volatile
materials or such as would produce fume. Since the rise in tem-
perature of the furnace was very slow, it was assumed that obser-
vations for temperature on the graphite disc would also give the
temperature of the test cylinder. The pyrometer was provided
with a rotating sectored disc to permit extension of the rangé
without overheating the lamp, and it was calibrated against a care-
fully calibrated platinum thermo-couple according to the method
proposed by Prof. C. E. Mendenhall.®

PRELIMINARY TESTS.

- After a few tests had been made it was recognized that the
rate of heating the cylinders under test had a big influence on the
Tesult. The preliminary tests were made in the apparatus just
described, but the cylinders were heated rapidly to 1,000° C. and
then beyond that to the point of failure at rates varying from
10° to 20° C. per minute But it soon was clear that the rate of
heating below 1,000° C. affected the results obtained. All tem-
Peratures were measured by the optical pyrometer, and since this
is not sensitive below 800° C., the results were not satisfactory.
The following table shows the irregularity of the results from
this procedure.

" %Mendenhall and Forsythe: Phys. Rev., 1911, 33, 74.
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Crushing Temperature of MgO / Si0, Mixtures Under Load.

Percent Temp. of | Rate of Heating Temp. of Rate of Heating
Silica Failure | eg./min, Failure deg./min.

0 1,682 | 19 1,684 10
3 1752 16 cees
5 2,708 | 15 veee ..
7 1,756 : 22 1,924 8
9 L1736 20 1,902 12

11 e | . 1,800 13

The manner in which the test specimens failed was quite uni-
form; it usually occurred by the cylinders bursting out at the
middle, with ends telescoping each other.

While the rate of heating affected the results obtained on the
magnesia-silica cylinders, it did not affect the results in a similar
manner when pure magnesia cylinders were tested. A change
in the rate of heating pure magnesia had but little effect on the
temperature at which failure occurred. Failure in the magnesia
cylinders came on gradually and slowly; in the magnesia-silica
cylinders the failure was always abrupt.

FINAIL TESTS.

From the preliminary tests it was evident that the addition of
six to eight percent silica to magnesia gave a product whose
strength at high temperatures was greater than pure magnesia.
Owing to irregularity in the baking and testing, the results were
open to question. A series of cylinders having amounts of silica
varying from zero to twelve percent was made and baked at the
same temperature—about 2,100° C. 1In the load-carrying tests,
the temperature for each specimen was raised at a uniform rate
of 10° C. per minute, from room temperature to the point of
failure. A thermo-couple was used to measure temperatures be-
low 1,000° C., and the optical pyrometer above that point.

The results of these tests are given in the table below. It is
apparent that there is a distinct maximum at about seven to eight
percent silica. The increase of strength up to eight percent silica



Fic. 1. ¢ —baked at 1,900° C.; cooled in furnace. Fi1c. 2. e—baked at 2,000° C.; held 1 hour above 1,950° C.; F1c. 3. f—baked at 2,100° C.; held 1% hours above
cooled in furnace, 1,950° C.; cooled in furnace,

Fic i
16. 4. A—baked at 1,800° C.; quenched in cold water. Fic. 5. E—baked at 2,000° C.; held I hour above 1,950° C.; Fi1c. 6. F—baked at 2,000° C.; held 1}z hours above
quenched in cold water. 1,950° C.; quenched in cold water.



Prare IV.

Fic. 7. g—baked at 1500° C. for 1 hour. F1c. 8. h—baked at 1,800° C. for 1 hour . Fic. 9. i—baked at 1,960° C. for 1 hour.

Fic. 10. j—haked at 2,200° C. for 1 hour. Fic. 11. Pure MacNgsia—baked at 2,120° C.
[40 Diameters—Unpolarized light.]
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is somewhat more rapid than the decrease in strength beyond that
amount. The specimens having 714 percent silica failed at a tem-
perature 190° C. higher than that for pure magnesia.

Silica Content

Temperature at
Percent

Failure
0 1,680° C.
3 1,800
6 1,850
7 1,860
7% 1,870
8 1,845
8 1,860
12 1,830
12 1,845

Heat treatment during baking was recognized as an important
factor in determining the subsequent strength of the cylinders.
A series of cylinders containing 7.5 percent silica was made in
the regular manner. The temperature of each cylinder in baking
was raised uniformly at the rate of 20° per minute from room
temperature to the maximum, and then the maximum was main-
tained for an hour. Then cooling proceeded slowly in the fur-
nace. Cylinders so treated were baked respectively at 1,500°,
1,800°, 1,950°, and 2,200° C. The cylinders heated to 1,950° C.
and 2,200° C. were badly pitted and corroded and showed a low
temperature of failure.

ey of Failure Under Toad
1,500° C. 1,570° C.
1,800 1,820
1950 1720
2200 1790

The corrosion and pitting hoted in the above tests above 1,900°
C. made it desirable to study the effect of prolonged heating on
the loss in weight. A series of cylinders having approximately
7.3 percent of silica were baked at various temperatures for vary-
ing lengths of time and allowed to cool in the furnace. Each
cylinder was weighed before and after baking to determine the
loss. The results are given in the following table:
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Maximum Tempera- Percent Loss in Heat Treatment
ture of Baking Weight

1,500° C 37 1 hour at maximum temp.
1,800 6.1 10 min, ¢ “ “
1,800 74 1 hour * “ “
1,800 85 10 min “ “ “
l’m 7.5 10 [{} " " "
l,m 9'8 10 " “" (13 [
2,000 146 1 hour at 1,950° C.
2,000 171 174 hours above 1,950° C.
2,000 ‘ 11.0 1 hour at 1,950° C.
2,100 317 124 hours at maximum temp,
2,200 27.0 I hour at maximum temp.

From this data it will be seen that prolonged heating above
1,900° C. produces a great loss in weight, and that for tempera-
tures above 2,000° C. the loss increases rapidly. In one case of
prolonged heating at 2,100° C. complete volatilization of a mag-
nesia-silica mixture resulted, due to the violent action of carbon
upon both magnesia and silica. Cylinders baked at 2,100° C.

and suddenly quenched in cold water produced a distinct acetylene
odor.

Since the above heat treatment proved to be too severe, another
set of 7}; percent silica cylinders was baked under less severe
treatment. In this baking all cylinders to be heated at 1,800°
or above were maintained at 1,800° C. for one hour and then
heated at the usual rate, 20° per minute, until the maximum tem-
perature was reached. Data obtained is given herewith.

Maximum Tempera-

ture of Baking Crushing Temperature
1,500° C. 1,570° C.
1,800 1,820

1,850 1,870

2,100 1,900

This data shows that increased temperature and duration of
baking increases the Subsequent strength of the cylinders, but
prolonged heating above 1,900° C. must be avoided, because of
the destructive action of carbon upon magnesia.
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MICROSCOPIC EXAMINATION.

Thin sections of various cylinders, baked at various tempera-
tures and cooled in various ways, were made, to permit a micro-
scopic examination of the crystallographic structures produced.

The specimens from which the thin sections were taken were
all made with 7.5 percent silica. As shown in the table below
some were heated to a predetermined maximum temperature, held
there for a given period‘of time, and then quenched in cold water;
other cylinders were allowed to cool slowly in the furnace after
being brought to the maximum temperatures.

Mk Mamum Tomo. | Buceof Heat | Period of Heating]  oqiing

A 1,800° 20° 10 min. Quenched in cold water
B 1’850 (g 10 " € 4 [ “

C l,% (13 10 " [ [3 “® “*
D 1,950 &« 10 &« “ " “« o«

E 2,000 « 1 hr. at 1,950° C. «“ “ o« «“

F 2,000 “ 134 hrs. above «“ “ o ou “

1,950° C.

a 1,800 «“ 10 min. Cooled slowly in furnace
b 1,850 “ 10 [{} [ 4 4* [ )
c 1’950 [ 10 [{3 ) [ “ [ [y

d 1’950 [13 10 [13 (13 “ K “

e | 2000 “ 1hr.at1950°C.| ~« « « o«

f 2,100 “ 134 hrs. above «“ “« o« .

’ 1,950° C.

g l’sm “ 1 hr' (3 [ a“ [

h l'sm “ 1 «“ “ “ « “®

‘ l’w [ 1 [ (13 “® L {3 “

] Z’Zm 3 1 [ “* [ o "

k 2’120 40° (Pure ‘.S (3 (3 o«

magnesia) -

In these specimens the minerals Periclase and Forsterite were
identified. Below 1,500° C. there is only a slight formation of
Forsterite. This mineral is formed first in minute crystals in the
grain boundaries of Periclase. As the temperature is raised to
between 1,700° C. and 1,800° C. the crystals grow rapidly in num-
ber and size, and finally unite to form a complete envelope about
the Periclase. Above 2,000° C. this envelope of Forsterite, due
to surface tension, collects into separate crystals. Specimens in
which the Forsterite had collected into separate crystals failed
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under load at a lower temperature than those specimens where
the envelope remained intact. This would appear to show that
the Forsterite acts as a binder to hold the Periclase together, and
that failure comes at a temperature when Forsterite softens.

The microphotographs shown in Plates III and IV were made
with polarized light and crossed Nicols. The Periclase is repre-
sented by the black areas and the Forsterite by the white; the
magnification being about 40 diameters. From Plate IV it is
apparent that the Forsterite growth is progressive with a rise in
temperature. The quenching operation serves to repress the for-
mation of Forsterite, as shown in Plate II1.

Pure magnesia, whose melting point is 2,800° C., has the prob-
erty of bonding itself at temperatures 1,000° degrees below its
melting point, into a hard mass. As shown in Plate IV, made in
unpolarized light, the grain boundaries are fairly distinct. This
specimen was thicker than the ordinary run of thin rock sections,
but the material did not permit of thinner grinding without break-
ing. This specimen was baked at 2,100° C.; no other specimens
of magnesia baked at lower temperatures were examined micro-
scopically.
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CONCLUSIONS.

1. Pure magnesia failed under a load of 66.5 lb. per sq. in.
(4.65 kg. per sq. cm.) at a temperature of 1,680° C.

2. The addition of silica to magnesia, with seven to eight per-
cent silica as a maximum, increased the mechanical load-carrying
capacity, so that failure occurred only at about 1,870° C., which
1s approximately 190 degrees higher than magnesia supported.

3. The failure of magnesia cylinders is slow and gradual;
that of magnesia-silica cylinders is abrupt.

4. The superiority of magnesia-silica mixtures with 714 per-
cent silica, over pure magnesia, in mechanical load-carrying capa-
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city, appears to be due to the envelope of Forsterite, which
cements the grains of Periclase. _

5. Above 2,000° C. carbon attacks magnesia-silica mixtures
very rapidly.

Chemical Engineering Laboratories,
University of Wisconsin.

[Written discussion of this paper is invited, and may be sent
to the Secretary, Jos. W. Richards, South Bethlehem, Pa., or
read at the meeting.]
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THE SIGN OF POTENTIALS.!

By Oniver P. Warrs.2

ABSTRACT.

A historical retrospect is given concerning the usage of electro-
chemists in designating the signs of potentials, and the plea made
for continuing the present conventions. It is pointed out that if
the present conceptions of electric current being a flow of (so-
called) negative electrons be correct, that negative electrons would
flow only to material of relatively higher (more positive) poten-
tial, and that the present usage of designating potentials would
fit the facts in this case, while the proposed inversion of signs
would contradict the facts. [J. W. R.]

At the meeting of this Society held at Detroit in May, 1917,
a committee was appointed, of which the writer is a member, to
consider and report upon the sign of the potentials of the metals,
concerning which there are two different usages. The commit-
tee has held several meetings, has indulged in a voluminous cor-
respondence, and has circulated among its members several
tentative reports, but no definite recommendation has yet been
made to the Society so far as the writer is aware,f although at
the last meeting a member of the committee presented a paper
on “the Sign of the Zinc Electrode.” In this paper Dr. Bancroft
distinguishes two kinds of potential, chemical and electrical, and
concludes that the minus sign should be used for the electrical
potential of zinc.

It may seem at first sight a matter of purely academic interest
whether the positive or negative sign be prefixed to the potential

! Manuscript received August 8, 1918. . . .
? Associate Professor of Applied Electrochemistry, University of Wisconsin.

* Notice of the presentation of reports by the committee at the last meeting came
this paper hag been sent in for publication,

189
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of zinc; it is the purpose of this paper to show that the sign
adopted for the potential of a metal is of importance to the
progress of electrochemistry, and to present reasons for continuing
the long-established use of the plus sign for the potential of zinc.

A phenomenon which attracted much attention from the early
electrochemists was the displacement of metals from solution by
other metals. The relative displacing power of many of the
elements was thus measured, and when they were arranged in
the order of their power of precipitating other metals, this con-
stituted the electrochemical series. In the early electrochemical
series the list began with oxygen, sulphur, etc., and ended with
sodium and potassium, but later the order was reversed, potas-
sium, sodium, etc., being placed at the beginning or positive end
of the series, while chlorine, oxygen, etc., constituted the rear-
guard, and were called electro-negative. The sequence was the
same in both arrangements, and if this series were an isolated
thing to be considered only by itself, it would make little difference
which order were adopted, provided that one arrangement were
adhered to by all. Electrochemists, however, have not been satis-
fied with a mere order, but have measured and expressed in volts
the distances between different metals, so that the old electro-
chemical series has been converted into the modern table of poten-
tials.

For many years such tables of potentials have been available,
and in spite of their inaccuracy and the very limited number of
electrolytes in which the potentials of metallic conductors are
as yet known, these tables have proved of the greatest value in
explaining the phenomena encountered in electrolysis, and in suc-
cessfully predicting what will happen when certain electrodes
are employed in a particular electrolyte. With the single excep-
tion of the table of electrochemical equivalents based on Faraday’s
law, the writer has found even the present incomplete tables of
potentials to constitute the most valuable and most frequently
consulted data in the whole field of electrochemistry. The com-
plete and more accurate tables which will some day be available
should prove of far greater value.

Some of the practical uses of tables of potentials are as follows:

1. They give the relative stability of compounds of the metals
in solution.
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According to this table magnesium, zinc, etc., are electro-posi-
tive metals, while platinum and gold are highly negative. If a
voltaic cell be formed by using two of the above metals as elec-
trodes in a chloride solution the flow of current through the elec-
trolyte will be from the metal of higher to that of lower potential,
and the E. M. F. of the cell will be equal to the difference of
potential between the metals.

For many years the above convention regarding the use of signs
was unanimous. A few of many references are appended, in
which writers on electrochemical subjects either give a table simij-
lar to that above, or refer to sodium, zinc, etc., as electro-positive,

thus indicating their adherence to this method of designating
potentials :

1890. Gore. Electrolytic Separation of Metals, p. 51.
1894, Neumann, Z. f. phys. Chem.,, 14, 193-230.

1902. S. B. Christy. Amer. Chem. J., 21, 354-420.

1904. Kahlenberg. Trans. Am. Electrochem. Soc, 6, 57.

1905. Neuberger. Kalender f. Elektrochemiker, p. 250-254.
1905. G. McP. Smith. J. Amer. Chem. S, 27, 541.
1908. C. F. Burgess. Trans. Am. Electrochem. Soc.,, 13, 21.

1910. Cushman & Gardner. Corrosion and Preservation of Iron and Steel,
p. 122.

1911. Friend. Corrosion of Iron and Steel, p. 265.

1915. McGraw-Hill. Handbook for Electrical Eng., p. 1565, 1567.
1915. Kahlenberg. Outlines of Chemistry, p. 457.

1916. Liddell. Metallurgists and Chemists Handbook, p. 299, 300.

In reading recently several thousand pages on the corrosion of
iron, in books dating from 1822 to 1918, wherever stimulation of
rusting by local action was mentioned, the iron was said to be
positive to the copper, graphite, or whatever constituted the other
electrode of the cell. Similarly the protective action of zinc was
ascribed to its being electro-positive to iron.

In the gravity cell, shown in Fig. 1, we consider that mysterious
something, which for want of a better name, is called an electric
current, as passing from the positive zinc plate through the electro-
lyte to the negative copper ; and, because electricity flows only in
closed circuits, it must return to the zinc through the wires, etc.,,
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which constitute the remainder of the circuit. That terminal of
an ammeter, voltmeter, or other D. C. electrical instrument, by
which current should enter is marked by a plus sign, and there-
fore must be connected to the copper plate to receive the current
that passes through the electrolyte to this electrode. The futility
of attempting to represent completely the electrical conditions in
a voltaic circuit by attaching a single sign to either electrode was
recognized by the early electrochemists when they spoke of the

m )

Vi | A+

[E=T.

Fic. 1.

zinc as “the positive plate (we should now say electrode), but the
negative pole of the cell.” There is yet to be found a simpler
way of designating the relation of the zinc electrode to the whole
electrical circuit; for current will flow from the zinc into the
electrolyte provided that it be permitted to return to the zinc again
from that portion of the circuit which lies outside of the cell;
yet the driving force resides within the cell.

Faraday gives us the terms anode (up or entering way) and
cathode (down or leaving way), and we designate the anode of
the electrolytic cell, from which current enters the solution, by a
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plus sign, and the cathode by which it leaves by the minus sign.
The use of signs is the same in the electrolytic as in the voltajc
cell—a simple and easily understood arrangement, which is in
harmony with the use of the minus sign on thermometers, and as
applied to the flow of heat between bodies of unequal tempera-
tures, the flow always being from the place or body of higher to
that of lower temperature. If, however, zinc be considered as
electro-negative and copper as positive there will no longer be
harmony in the use of signs in the voltaic and electrolytic cells,
but we will be compelled to say that current flows in the electro-
lyte from the positive to the negative electrode in the electrolytic
cell, but from the negative to the positive electrode in the voltaic
cell—in the latter case outraging our fundamental conception of
the terms positive and negative as used everywhere else in science
and industry. This is indicated in Fig. 2.

The table of potentials as previously quoted consists, in accord-
ance with the ionic theory, of “the potential of the solution minus
the potentials of the metals”; the table as re-written by those who
contend for a change of sign consists of “the potentials of the
metals minus the potential of the solution.” So far as the phrase-
ology goes there is little to choose between them. Since ions of
the metals are usually considered to be charged positively, when
a strip of zinc, for example, is thrust into an electrolyte, zinc ions
go into solution carrying positive charges, therefore lowering the
potential of the zinc and raising that of the solution, so that the
zinc should be negative to the solution. It would thus appear
that the advocates of the minus sign for the potential of zinc are
contending for the truth, as opposed to error ; but the physicists,
who have been the most ardent advocates of this change of sign,
tell us that we have the whole matter of sign wrong in electricity,
that what we call a positively charged ion has less than the normal
number of electrons, and that our negatively charged ions have
an excess of electrons, and that the “flow of electric current” is
really in the opposite direction to that which is now accepted.

It follows that if the proposed change of sign in potentials be
adopted, carrying with it all the confusion which will result in
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electrochemical literature and the inconsistencies which have been
pointed out, we shall still fail to express the truth regarding the
potentials of metals, for the latest theory of the nature of elec-
tricity leads us to believe that the zinc electrode is really at a
higher potential than the electrolyte, and consequently the plus
and not the minus sign correctly indicates its potential. It there-
fore seems for the best interests of electrochemistry, that until
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Such time as the scientific world is ready to revise the entire
terminology of the electric circuit, the time-honored custom in
Tegard to writing the electrochemical series and tables of poten-
tials should be followed. The writer hopes that the members of
the world’s greatest electrochemical society will throw the weight
of their influence, individually and collectively, toward the use
of that sign for the potentials of the metals which is in harmony



196 DISCUSSION.

with electrochemical literature for a century past, and which will
tend to promote the widest understanding and most extended use
of tables of potentials by practical workers in electrochemistry,
for by this means the advancement of electrochemistry will be
best assured.

Chemical Engineering Laboratories,
University of Wisconsin.

DISCUSSION.

F. C. Frary': The society has heard about this matter before,
I am very sorry that Dr. Hering, the chairman of the committee
to which Dr. Watts referred, was not able to be present at this
meeting and explain what appears to be a misunderstanding on
the part of Dr. Watts. My understanding is that the paper by
Dr. Bancroft, to which Dr. Hering refers, is the majority report
of the committee, signed by all the members of that cominittee
with the exception of Dr. Watts, and that this paper is a minority
report, which is of course always in order. The only point [
would like to make in this connection is that on page 194 Dr,
Watts agrees to our saying that in the electrolytic cells, by which
I judge he means a cell like a chlorine cell or storage battery into
which we are putting energy, current flows from the positive, or
anode, to the negative electrode ; that is, he is defining the flow
of current as the direction of the flow of positive charges in the
solution. But in the voltaic cell, he objects to our saying that the
current flows from the negative pole (zinc) to the positive pole
(copper), which of course is exactly what it does do, because
the positive charges are given off, as he himself states, from the
zinc pole. The thing that seems to worry him is that we are trying
to get something out of nothing, we are trying to get a positive
charge out of a negative pole, but he forgets that in the first case
we are doing work upon the solution and in the second case the
work is being done by the solution, the case being exactly analo-

! Director of Research, Aluminum Co. of America, New Kensington, Pa.
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gous to the motor and dynamo. In direct-current practice we
know that if a machine is running as a motor, the current in the
armature is from the direction of the positive brush to the nega-
tive brush. If, on the other hand, we speed up and make it func-
tion as a dynamo, the armature current is reversed but the polarity
of the machine does not change. The same thing of course holds
here in the distinction between the voltaic and the electrolytic
cell. As far as the phraseology of the potential of the solution
minus the potential of the metals, and vice versa, is concerned,
the committee felt that if we talk about electrode potentials, we
necessarily talk about the potential of the electrode as the positive
thing, and therefore talked about the potential of the electrode
minus the potential of the solution, and not the reverse. The
confusion of which he speaks I think is largely confined to a very
narrow circle, because, as the committee found, and its report
showed, the recommendations of the committee are in harmony
with the practice of most of the electrochemists of this country
and of practically all foreign societies.

F. A. J. FrrzGERALD®: There is a rather interesting historical
parallel to this dispute about the sign of potentials which occurred
to me the other day, and sometimes these historical parallels are
of some use in arriving at decisions about these matters. You
will remember that when Dr. Lemuel Gulliver was released by the
Lilliputians he had a long interview with Reldresal, the principal
Secretary of Private Affairs. On that occasion Reldresal de-
scribed a dispute between the two great empires of Lilliput and
Blefuscu as to which was the best way of breaking an egg. “It
began upon the following occasion: It is allowed on all hands
that the primitive way of breaking eggs before we ate them was
upon the larger end ; but his present Majesty’s grandfather while
he was a boy going to eat an egg, and breaking it according to the
ancient practice, happened to cut one of his fingers. Whereupon
the Emperor, his father, published an edict, commanding all his
subjects, upon great penalties, to break the smaller end of their
€ggs. The people so highly resented this law, that our histories
tell us there have been six rebellions raised on that account. .. . .

+ + . Many hundred large volumes have been published upon

*Blectric Furnace Expert, Niagara Falls, N. Y.
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this controversy. The emperors of Blefuscu did frequently ex-
postulate by their ambassadors, accusing us of making a schism
in religion by offending against a fundamental doctrine of our
great Prophet Lustrog in the fifty-fourth chapter of the Blunde-
cral. . . . This, however, is thought to be a mere strain upon
the text; for the words are these: That all true believers break
their eggs at the convenient end,—and which is the convenient
end seems, in my humble opinion, to be left to every man’s
conscience, or at least in the power of the chief magistrate to
determine,””®

W. R. Morr*: I would suggest that people who give these
single potential measurements by all means state the single poten-
tial of zinc in the system used. It is a matter of indifference to
many of us which system is used, only we hope that one system
will be adopted by everybody, because there is otherwise a great
loss of efficiency.

J. W. Ricaarps®: I think, seriously, that there are good rea-
sons why we should not quickly or lightly change from the pres-
ent system of designating the positive and negative electrode, and
I should be sorry to see our Society take any action which would
tend to force a change upon electrochemists. Speaking from a
very general standpoint, we find that metals displace each other
chemically from solutions in a certain order. We arrange the
metals in this order, with the strongest on top and the weaker
beneath, and I think we naturally think of the stronger metals
towards the top as the more positive, which coincides with
the ordinary use of the sign, such, for instance, as the positive
and negative signs on a thermometer scale. Again, we find that
the order in which they replace each other is the order of their
thermochemical heats of combination, so that the stronger metals
have larger heats of combination with other elements, and the
weaker metals have smaller. If we arrange the thermochemical
constants of these elements in order, putting the strongest at the
top, from +- 81,240 per chemical equivalent for caesium down
to — 30,300 for gold, this series represents the heat which the
chemical equivalent gives out when it goes into combination.

! “Gulliver’s Travels, Part 1, Chap. 1V,

¢ Research Laboratory, National Carbon Co., Cleveland, Ohio.
® Professor of Metallurgy, Lehigh University.
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These are a set of definite quantitative data, which run from
large positive amounts of heat down to small positive amounts,
and even to the negative. That again is the same order in which
they replace each other, but expressed quantitatively from definite
positive to definite negative quantities. This is also the order
which Prof. Watts pleads for in this paper as the historical order.
I feel that until we are very, very certain that the current does
run in the opposite direction, or that the signs absolutely must be
changed, that'we leave them as they are, for practical purposes
and for the writing of papers. Where anyone feels that his con-
science will not let him use that order and the corresponding
signs, let him state the signs which he prefers in connection with
his paper.

CoLiN G. FINk®: I know that I am responsible for a good part
of this trouble, because our Mr. Koerner used signs in his paper
which were not the same signs which Prof. Watts used; but I
do not believe we will ever come to a final decision on this ques-
tion of signs of the potential by long-winded debating. I would
suggest, therefore, that not the Society, but the Transactions of
the Society, adopt either one sign or the other. Let it be under-
stood that all papers appearing in the Transactions assume the
zinc electrode to be negative or assume it to be positive and have
all papers appearing in the Transactions use the same sign. It
is very annoying indeed to pick up the Transactions and read one
Paper in which the sign of the potentials are equivalent to zinc as
negative, and the next paper in which all the signs are reversed
and zinc is positive. Why not adopt either one or the other as a
temporary measure until such time as we can better decide which
is the proper sign to use? I think much confusion is caused by
allowing both signs to stand in our Transactions.

F. J. ToNg": Do I understand that this committee, which was

entioned this morning as a regularly appointed committee of the
Society, has reported ?

C. G. FiNk: The committee has reported in favor of the
ty using the negative sign for the zinc electrode; that is in
dccordance with the majority report.

:ﬁad of Laboratories, Chile Exploration Co., New York City.
Works Manager, Carborundum Co., Niagara Falls.
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J. W. Ricnaros: I think it would be more practical if we put
before the members a statement that now they have had the
majority report and the minority report, and ask them to vote,
if they wish, as to which one of the three ways they would choose
—either to keep the old, to go to the new, or to have the papers
state decisively in each case what sign they adopt. I hardly think
that the number of members present at a meeting would be com-
petent to decide a thing in which the whole Society is interested.

F. ]J. ToNE: 1f there is no objection, we will act on that sug-
gestion.

J. W. Ricrarns: I move that the membership be canvassed as
to their opinion regarding this matter, as to accepting or rejecting
the report of the committee; and that the matter be brought up
for action at the next general meeting of the Society.

{The motion was carried.)

O. P. Warts (Conmununicated)= As expressing my views, Mr,
Frary says: “But in the voltaic cell, he objects to our saying that
the current flows from the negative pole (zinc) to the positive
pole (copper), which of course is exactly what it does do.” I
have never at any time, in any place, or under any circumstances,
stated that the direction of flow of current in the primary cell is
other than from zinc to copper through the electrolyte ; will Mr.
Frary cite his authority for the accusation that I object to his
saying that the flow of current is from zinc to copper. What I
do object to is the designation of the anode of the primary cell,
be it made of zinc or any other metal, as the negative electrode,
Faraday gave us the term anode for that electrode by which cur-
rent enters the electrolyte, and neither he nor anyone else has
attempted to restrict its use to the electrolytic, in distinction from
the volatic cell. Mr. Frary is in agreement with general usage
when he says of the electrolytic cell that “current flows from the
positive, or anode, to the negative electrode,” but is going con-
trary to long established practice when he calls the anode (zinc)
of the voltaic cell the negative electrode. To this designation of
the anode as positive in those particular combinations of
two electrodes and an electrolyte which function as an electro-
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Iytic cell, but as negative in similar combinations of elec-
trodes and electrolyte that constitute a primary cell, I emphati-
cally object.

Given an electrochemical system consisting of two particular
electrodes in an electrolyte, the products liberated at anode and
cathode, the chemical changes that occur in the electrolyte, the
change in temperature, etc., all depend solely upon the current
flowing, and are entirely independent of the circumstance that
the cell happens at that moment to be functioning as an electro-
lytic or as a voltaic cell. With a certain current flowing between
two electrodes in an electrolyte, the cell shows an utter ignorance
of and indifference to the source or magnitude of the E.M.F.
which causes current to flow; whether the source of E.M.F. is
a dynamo, a storage battery, a thermo-element, or lies within the
cell itself. For any particular current a constant weight of metal
dissolves from the anode; the amount and kind of substances
deposited at the cathode, and the changes in the electrolyte are
the same. Nature declares that there is uniformity of action,
but Mr. Frary would have us make a distinction between the elec-
trolytic and voltaic cells by calling the anode of the latter negative.
- The motor and dynamo, which Mr. Frary cites as “being ex-
actly analogous™ to the relations between the electrolytic and
voltaic cells, is not at all a parallel case; for, as Mr. Frary himself
points out, when a motor acts as a dynamo, “the armature current
is reversed,” but in both the electrolytic and voltaic cells the direc-
tion of flow of current in the cell is always from anode to cathode.
Therefore whatever sign is used for the anode of the electrolytic
cell should be used for that of the voltaic cell also, if we are to be
consistent.

Linfer from Mr. FitzGerald’s interesting historical( ?) parallel
that he considers the question of the signs attached to anode and
cathode a matter of no importance to electrochemistry. With
this view I cannot agree. The basis of science is uniformity:
Nature’s uniformity of action under like conditions, and man’s
uniformity in the use of terms. Lacking uniformity, science
would become chaos. Any loose, confusing, or contradictory use
of electrochemical terms is detrimental to progress, and therefore
worthy of serious consideration by our Society.
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ON THE COMBUSTION OF CARBURETTED WATER
GAS FOR INDUSTRIAL FURNACE HEATING
AND THE HEATING OF STEEL

0. L. KowaALkE

As read at the Eighteenth Annual Convention of the Wisconsin Gas
Association at Milwaukee, March 25 and 26, 1919.

The experimental work of this report was performed by Mr.
Howard E. Sweet, holder of the Wisconsin Gas Association Fellow-
ship, as a partial requirement for an advanced degree in Chemical
Engineering. This report is on:—(1) A series of tests made to de-
termine the maximum temperature which can be obtained in a
given furnace, using three types of mixers with regulated and un-
regulated air supply, by burning carburetted water gas in a simple
Bunsen flame and also under adapted surface combustion condi-
tions. (2) Can a furnace be maintained at a given temperature
more easily by using a simple Bunsen combustion or by the sur-
face combustion process? (3) Can the atmosphere in the furnace
be regulated so that no scale is formed on steel exposed to the pro-
ducts of combustion? (4) Will a strongly reducing atmosphere
affect the quality of the steel when heated?

The furnace used for these tests was an American Gas Furnace
Company No. 5 Muffle, shown in perspective in Fig. I and in sec-
tion in Fig II. The combustion chamber is 12" high x 15" inside x
18" long. As ordinarily used, a hearth is mounted on supports so
as to leave a space of about three inches between the bottom of the
hearth and the floor of the furnace. The material to be heated is
set on the hearth and comes in direct contact with the products of
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Fig. II.
(Cut for Fig. 1 not available at time of going to press.)



combustion and is also heated by radiant heat from the walls of
the furnace. The flames from the eight burners, four on each side
pass under the hearth to the opposite side of the furnace, thence
upward and out through the roof.

The furnace was adapted to apply the surface combustion prin-
ciple as practiced by the Surface Combustion Company of Neyw
York. Fig. 111 shows the section of a furnace as built by the con.
pany.
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Fig. TII.

Cross-section of a semi-muffle or oven type Surface Combustion furnace showing
work in place. The straight lines from the bed represent
the course of the rays given off.

In the surface combustion furnace the flames impinge on a bed
of quartz or carborundum and are reflected to the roof and thence
onto the work. The furnace used in these tests as adapted to the
surface combustion principle is shown in section in Fig. I1. The
material upon which the flame impinged was a very pure grade of
quartz crushed and sized so as to pass a one-half inch square sieve
opening. It was piled the whole length of the furnace to a depth of
3 inches in the middle while the slopes made angles of 35 degrees
with the horizontal as shown by the dotted area in Fig. 11 labelled
“quartz.” While the adapted surface combustion used in these
tests is not an exact duplicate of the construction practiced by the
Surface Combustion Company, it is believed to be sufficiently close
for the purpose in hand.

The mixers for gas and air are devices of great importance in
combustion. The mixer regularly supplied with the American Gas
Furnace Company furnace is shown in Fig. IV. This will hereafter
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be called the “Regular” mixer. The nozzle on the air pipe consists
of a piece of tin.stamped in the form shown and soldered onto the
outlet of the Streater “ELL”. The Eclipse Fuel and Engineering
Company, Rockford, Ill_lnoig, loaned a venturi type of mixer shown
in section in Fig. V. This mixer hereafter called the “McKee,” was
made of a cast iron shell with carefully machined lead and steel
cones on the inside. The Surface Combustion Company make a
high pressure mixer shown in Fig. VI; this was not used in these
tests but is here given to show the care used in construction and
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attention to detail. This is to be used on large installations with
838 under pressure of 10-25 Ibs. per square inch. This mixer also
differs in operation from the “Regular” and “McKee” in that the

Surface Combustion Company put the gas under pressure and as-
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pirate the air while in the ‘“Regular” and “McKee” the air Wwas
under pressure and aspirated the gas.

The Eclipse Fuel and Engineering Company of Rockford loaneg
the Proportional mixer shown in Fig. VII. In this mixer the gas
passes through the special regulator shown at the left and its pres-
sure drops to practically zero. The suction of the fan then picks y
the air and gas in proper proportion and mixes them and then de.
livers the mixture at the outlet at a pressure of about two ounces.

The carburetted water gas used in these tests was that regularly
supplied in Madison at a pressure of about four to six inches of
water, and having a heating averaging about 570 B. t. u. per cu. ft,

Fig. VL.

High Pressure System shown diagrammatically.

at the Chemical Engineering Building. These tests were made
during cold weather and the drop in heating value between the
plant and the Chemiecal Engineering Building was about 25 B. t. u.

The air was supplied under a maximum pressure of 5.2 inches

of mercury or about 2.6 lbs. per square inch by a Reichelm rotary
blower of ample capacity.

(Cut for Fig. VII not available at time of going to press.)
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All temperature measurements were made with an optical py-
rometer of the Holborn-Kurlbaum or Morse type which had been
carefully calibrated against a standard platinum thermocouple.
Since the tests extended over a long time interval the deterioration
of a thermocouple would have been too rapid, hence the optical
pyrometer was used. Below 800 degrees Centigrade the optical
pyrometer is not so easily read as a thermocouple because the eye
is less sensitive to changes in color at this point than at higher tem-
perature. It is also difficult to make an accurate matching of color
in the lamp filament and the field observed and for that reason the
tests for constancy of temperature were made at about 900° C. A
small sjght hole about 114 inch in diameter in the door of the fur-
nace was provided for temperature measurement. A firebrick was
set on end in the middle of the furnace, as shown in Fig. I1, to serve
as a “black body” upon which to sight the pyrometer. Since the
furnace was completely closed, the brick received all the radiation
and heating and thus approximated very closely a “black body.”

COMBUSTION TESTS

It will be desirable to define the terms used in this report to des-
ignate the two types of combustion. That type of combustion
where a high velocity air current draws in the gas supply and mixes
the two and where the flame is allowed to burn freely as in a Bun-
sen burner or blow torch will hereafter be called Bunsen Combustion.
That type of combustion where the flame under blast conditions
impinges on broken quartz of carborundum and reflected to the
roof of the furnace will hereafter be called Surface Combustion. In
all tests with the “Regular”’ and “McKee” mixers for both Bunsen
and Surface combustion the air and gas supplies were delivered
to the furnace in the manner shown in Fig. II. The gas supply pipe
was 34 inch and the air pipe 1 inch, which proved to be ample.

UNREGULATED AiRr, BunseEN ComBUSTION, REGULAR MIXER.
In these tests the air and gas supplies were wide open and no at-
tempt made to regulate the amount of air supplied. While the pro-
duets of combustion were not analyzed, later tests showed a large
excess of air. The idea was to find what maximum temperature
could be obtained with the furnace as it stood.

Gas Pressure—not taken.

Air Pressure—4 inches mercury.

Test No. 1 Test No. 2
Gasused ........... A 950 cu.ft. 990 cu. ft.
Time................. ... . ... ...... 2hbr. 56 min. 3 hr. 8 min.
Max. Temp.......ccoviiiiiiienannn. 1420° C. 1415° C.

UNREGULATED AR, SURFACE COMBUSTION, 'REGUI.‘AR MIXER.
or this test some firebrick were crushed to 14 inch diameter and
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laid in the furnace, as shown for quartz in Fig. I, for the flames to
impinge upon. A piece of mild steel was put into the furnace in-
stead of the firebrick for the blackbody in the temperature measure-
ment. The maximum temperature obtained was 1420° C. but pg
records of gas consumed nor time were taken. It was found that
firebrick do not stand up under this treatment for they sintered
together and formed a smooth glassy surface in front of the burners,
Then some carborundum firesand was spread on the slopes and the
experiment repeated. No better results were obtained than before
the maximum was about 1420° C. Owing to the great excess of ajr
the steel block melted and ran into the brick; the crushed firebrick
fused onto the refractory lining of the furnace. The furnace bottom
was not new when the tests were started and the high temperatures
and fluxes made it necessary to put in a new bottom.

* First crushed firebrick mixed with water glass (209, solution)
was rammed in for the bottom layer, then carborundum firesand
mixed with 209, solution water glass was rammed in on top of that
for the part in contact with flame. This proved to be a most re-
fractory and permanent furnace bottom.

These tests show that with unregulated air and the “Regular”
mixer there was no advantage in the Surface combustion over the
Bunsen with the present adaptation. The material on which the

flame impinges can not be fire clay because it will not stand under
the gas flame.

RecuraTep AIR, BuNsEN ComBUSTION, “REGULAR” MIXER.
After the furnace had been repaired, tests were made to determine
the temperature obtainable with a regulated air supply. Analyses of
the products of combustion were made to determine when just the
right amount of air for combustion had been admitted. No record
of the individual gas analyses is here made because they were only
a control of the air supply. The products of combustion were
drawn through a silica tube inserted into the furnace and then
kept over water saturated with carbon dioxide.

Test No. 3 Test No. 4
Time Temp. Time Temp.
1:50 Start 2:00 Start
2:10 935° C. 20 930° C.
36 1195 45 1180
:50 1260 55 1230
3:15 1313 3:10 1290
29 1360 25 1320
50 1388 45 1370
4:10 1416 4:00 1400
26 1418 4:11 1415
gyplcal analysis products of combustion:—CO = 0.0%; 02 =
O‘
Gas Consumed, cu. ft. 745 710
Duration of test 2 hr. 36 min. 2 hr. 11 min.

Max. temperature 1418° C. 1415° C.
6



These two tests are good checks on each other and show that
the maximum temperature obtainable under the conditions of test
was 1417° C. The saving in time in tests 3 and 4 over No. 1 and No.
:2is 40 min.; the saving in gas consumed, 243 en. ft.

REGULATED AIR, BUNSEN ComeBusTiON, “McKEE” MIXER.
The “McKee”’ mixer shown in Fig. V was now inserted in place of
the “Regular” and all pipes for gas and air supply kept the same
size. The products of combustion were analyzed to determine when
just the right amount of air had been admitted.

) TEST NO. 5
M;tet reading .
. cu. ft. Time Temp.
314520 8:15 Start
804 45 1339°C.
977 9:00 1481°C.
314195 21 1591° C.
Gasanalysis.................... C0=0.0;0, =0.19,
Gasconsumed. ................... ... .. .. 675 cu. ft.
Durationtest.................... P 1hr. 6 min.
Max. Temp............................ 1591° C.

The temperature was rising as rapidly at the end as 20 minutes
before the end, but it was thought desirable not to extend the tem-

perature any more on account of possible fusion of the furnace re-
fractories.

REGULATED AIR, SurFACE CoMBUSTION, “REGULAR” MIXER.
The furnace was now arranged for surface combustion and clean,
pure quartz crushed and sized through 14 inch mesh sieve was piled
3 inches high throughout the length of the furnace in the manner
shown in Fig. II. Three tests were run, but test No. 6 is not entirely
valid on account of the lack of control over the air supply.

Test No. 6 Test No. 7 Test No. 8
Gas consumed, cu. ft....... 1120 cu. ft. 620 615
Durationtest............ 3hr.18 min. 2hr.7min. 2hr. 5 min.
Max.temp............... 1530° C. 1416°C. 1416° C.

Reference to the tables will show that in Test No. 6 the tem-
perature of 1416° C. was reached in 1 hr. 52 min. with a gas con-
sumption of 650 cu. ft. Comparison of results in tests No. 7 and
No. 8 with tests No. 3 and No. 4 as shown in the following tabula-
tion seem to indicate that there is a saving of gas through the use
of surface combustion.

COMPARISON, BUNSEN AND SURFACE COMBUSTION —“REGULAR” MIXER.

Bunsen Comb. Surface Comb.
TestNo................. 3 4 7 8
Gas consumed cu. ft.. .. ... 745 710 620 615
tiontest............ 2hr.36 min. 2hr.11min. 2hr.7min. 2hr. 5 min.

X. temperature. . . ... .. 1418° C. 1415°C. 1416° C. 1416° C.



The time is shortened a trifle, but the saving in gas is 100 ¢y ft,
by using the surface combustion feature.

REGULATED AIR, SURFACE COMBUSTION, McKEE Mixgg,
The furnace was left exactly as for test No. 8 except that the Me-
Kee mixer was substituted for the ‘“Regular’”’ mixer.

TEST NO. 9
Meter reading .
cu. ft. Time - Temp.
312920. ........ ... ... 1:55 Start
3400. ... ... 2:40 1471° C.

3500. . ... :52 1520
3590..... B 3:01 1608
:06 1620

3715 .............. e :15 1658
3835. ... ... 27 1670
3935. ... . :34 1688
43 1694

314040. . ... ... ... ... 3:51 1700

Gas Consumed 1120 cu. ft.
Duration Test 1 hr. 56 min.
Max. Temp. 1700° C.

This is about as high a temperature as it is possible to get in
this furnace with the appliances installed, as is apparent from the
way the temperature time graph flattens out. That the tempera-
ture was correctly measured is borne out by the fused quartz which
is herewith exhibited. The entire mass of quartz was sintered and
caked; in front of each burner the quartz was concave and molten.
The refractory of the furnace was also overheated for the melted
materials was seen dropping from the roof.

The comparison between the Bunsen and Surface Combustion
employing the “McKee” mixer, as shown in tests No. 5 and No. 9,
is more favorable to the Bunsen than a similar comparison em-
ploying the “Regular” mixer. Since the temperature of 1416° C.
was reached in such a short time with the “McKee” mixer, the com-
parison will be based on the temperature of 1591° C. From the ac-
companying graph it will be noted that the same amount of gas
was used in both Bunsen and Surface combustion tests for the
same period of operation, 66 minutes, but that the temperature was
about 17 degrees Centigrade higher in the surface combustion test.
Thus it would appear in this case that an efficient mixing of air and

gas is of greater significance than the question whether the Bunsen
or the Surface combustion principle be used.

MAINTENANCE OF CONSTANT TEMPERATURE. It was deemed
desirable to determine whether the furnace could be maintained
at a constant temperature easier and cheaper by Bunsen or by
Surface combustion. A temperature of 1000 degrees Centigrade
was chosen as the point. The furnace was quickly brought to a
temperature approximately this point and as soon as conditions

8



UNIVERSITY QF WISCONSIN

A

4 # i LMHH.
B B .|r..
o I
— | -
1 ERE -
{
N u
: )
LB
% Nl
y 4

' eOLLEGE OF ENGINEERING

v




became constant, a recorgi of temperature, gas consumption and
time was kept. The data is shown in the following table:

TEST NO. 10
“Regular” Mizer.
Bunsen Combustion Surface Combustion
Time p. Time Temp.
9:30 995° C. 9:15 988° C.
40 980 25 984
50 972 35 986
10:00 988 45 992
:10 989 :55 992
20 987 10:05 994
30 985 15 992
Gas Consumed, 109 cu. ft. 125 cu. ft.
Duration of Test 1 hr. 1 hr.

Next the “McKee” mixer was installed for surface combustion
to maintain the temperature. The data follows:

TEST NO. 11
“McKee” Mixer, Surface Combustion
Time Temp. Time Temp.
1:25 883° C. 2:35 883
35 883 45 883
45 883 :55 883
2:00 880 Gas consumed = 158 cu. ft.
:10 883 Duration test =1 hr. 30 min.
20 883 Gas consumed per hr. =105
cu. ft.

It seems that there is little difference in the gas requirement
for temperature maintenance under these systems. The variation
in the gas consumed is only 16 cu. ft. and may be due to inability
to read the 60 Light meter any closer, or the air supply may not
have been equally well adjusted in both cases.

THE PrOPORTIONAL MixER. This mixer already shown in Fig.
VII and elsewhere described was next tried out on the surface com-
bustion to produce as high a temperature as possible.

TEST NO. 12
Proportional Mixer, Surface Combustion
Time Temp. Analysis, Products of Combustion
12:40 Start
2:00 1070°C.  ........ CO=1.29,
26 1145
3:00 1216 ........ C0O =0.0;02=0.0
34 1239
4:01 1260
31 1280
55 : 1300

Gas consumed =835 cu. ft.
Duration of test =4 hr. 35 min.
Max. temp. =1300° C.

This device proved to be too small for the furnace used and this
result is really no indication what the mixer will do. It was found
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very useful in the experiments on the heat treatment of steels to
be described later.

APPEARANCE OF FLAME. It was noticed that the appearance of
the flame gave some indication of the character of the atmosphere
in the furnace. With excess of air there was practically no flame at
the exhaust holes on top of the furnace and around the door. Under
neutral conditions there is a faint blue cone of flame at the exhaust
hole, but none to speak of at the sight hole for the pyrometer. Under
reducing conditions, with carbon monoxide content of 0.8 per cent,
the flame on top the furnace is about four inches high and a blue
flame about two inches long issues from the pyrometer sight hole.
Increasing amounts of carbon monoxide cause larger flames. The
ddjustment of air supply is easier at 1100 degrees centigrade than
at 850 degrees by noting the appearance of the flame. With high
pressure combustion there is also difficulty in determining the char-
acter of the atmosphere from the appearance of the flame because

of the rapidity of combustion and the great volume of gases re-
sulting.

THE OXIDATION OF STEEL WHEN HEATED BY
COMBUSTION OF CARBURETTED WATER GAS

In most operations for the annealing of steel the products of
combustion come in direct contact with the steel. It seemed de-
sirable to determine how much reducing or oxidizing conditions in
the furnace affected the formation of an oxide coating. The com-
position of the products of combustion was varied from an extreme
reducing condition to a slight oxidizing condition. The steel was
in the form of round rods rolled from ingots from which specimens
about two inches long were prepared which were heated for definite
periods of time and then quickly withdrawn from the furnace and
quenched in water. The specimens were measured before and after
heating with a micrometer calipers. In order that the measure-
ments were always made at the same place, a flat area was filed on
the cylindrical surface of each specimen. The place where the
measurement was made was carefully cleaned with fine emery
cloth so as to present a bright surface at the time of measuring.
It is believed that a negligible amount of iron was removed with
the oxide. The carbon content was 0.95%,.

TEST NO. 13

Steel = 0.95%, Carbon
Products of Combustion Contained, 19.4% C O.
Diameter in Inches

Before After Loss Temp. Time Exposed
4685 .4682 .0003 925° C. 5 min.
4698 4695 .0003 890 10 min.

4730 4727 .0003 875 15 min.
11



TEST NO. 14
Products of Combustion = 1.1%, C O.

Diameter in Inches )
Before After Loss Time Temp.

4604 4601 .0003 5 min. 980° C.
4605 4648 .0002 10 min. 973
4704 4702 0002 15 min. 980

TEST NO. 15
Products of Combustion = 0.6%, C O.
4580 4577 .0003 5 min. 980° C.
4639  Cracked 10 min. 1002
4592 4586 .0006 15 min.

TEST NO. 16
Products of Combustion = .49, Oz

4732 4728 .0004 5 min. 875° C.
4777 4771 .0006 15 min. 882

TEST NO. 17
Products of Combustion = 1.39, Oz
4680 4674 .0006 5 min. 870° C.
4599 4593 .0006 10 min. 870
4634 4624 0010 20 min. . 870

Thus it appears that the oxide coating which forms on this steel
is not of excessive thickness, whether the steel is heated 5 minutes
or 15 minutes; whether the atmosphere in the furnace is strongly
reducing (containing 19.4%, CO) or slightly oxidizing (containing
1.3% 0O2); whether the temperature is 850° C. or 1000° C. Another
agency is at work here. The combustion of hydrogen and the hy-
drocarbons produces water vapor. At a bright rcd heat such as
obtained in these tests, the water vapor reacts with the iron to
form magnetic oxide or iron and hydrogen, thus:

For annealing operations in cold drawn work it is necessary to
avoid the formation of this magnetic oxide because it spoils the
dies. Thus it does not help much to have the atmosphere strongly

reducing to avoid the scale, because the water vapor reacts vig-
orously with iron at a bright heat.

EFFECT OF REDUCING ATMOSPHERE ON THE
CARBON CONTENT OF STEEL

. Steel having 0.95 per cent carbon was exposed for periods of
time varying from 15 minutes to one and one-half hours to products
of combustion containing monoxide varying from 0.2 per cent to
4.7 per cent. Sections were cut from these specimens after treat-
ment and examined with the microscope to determine the degree
of decarbonization. The data is given below.
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Time

Heated Monoxide
Minutes Per Cent

No.1 15
No.2 15
No. 3 15
No.4 30
No.5 60
No.6 90

Carbon

0.2

e i N
HERCER I O

Temp.

874° C.
870
874
874
874
874

Changes

No change

No change

Very little ferrite on surface
Ferrite appreciable
Decarbonization severe
Became very soft.

Therefore in heat treatment where the metal is exposed to flames,
the atmosphere should be very slightly reducing to prevent the

reduction of tempered steel to soft iron.

CHEMICAL ENGINEERING LABORATORIES
UNIVERSITY OF WISCONSIN
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SOME OBSERVATIONS ON GAS CALORIMETERS

By O. L. KowaLkE

As read at the 'Eighteenth Annual Convention of the Wisconsin Gas
Association at Milwaukee, March 25 and 26, 1919.

The accurate determination of the heating value of gas is of im-
portance in Wisconsin to both producers and consumers. The in-
vestigations of the Calorimetry Committee of the American Gas
Tustitute from 1908-1912 have provided the information necessary
as to correct procedure and appliances for making such determina-
tions. At the time those investigations were conducted, gas calori-
meters were not in general use. The calorimeters available for
tests were, in the main, new ones or such as had been in service for
a short time under most favorable conditions. About eight years
have passed since the Committee on Calorimetry made its tests
and the calorimeters subsequently sent to this laboratory have pro-
vided data which seemed to be of sufficient interest to describe at
this time. The general high efficiency found in Wisconsin, for prac-
tically all the calorimeters tested from outside the state, is due to
the co-operation between the Gas Companies and the Inspection
Division of the Railroad Commission.

The causes for the inaccuracies found in the cases under obser-
vation are: (1) incrustation on the inside and outside surface of
the flues, (2) incomplete combustion.

An Improved Junkers Gas calorimeter made in Dessau, Ger-
many, was reputed to give results too low by 100 B. t. u. Upon
inspection it was found that water containing considerable solid
matter in suspension had been used in the operation of.the calori-
meter. Comparative tests made with Improved Dessau Junkers

and University of Wisconsin old style Junkers No. 872 gave the
following results: :

U. W. No. 872 IMPROVED DESSAU JUNKERS
Test No.1......... 562 B.t.u. TestNo.1......... 448 B. t.u.
Test No.2.........564B.t.u. Test No.2......... 425B. t.u.
Test No.3......... 455B. t. u.
A\fera.ge ........... 563 B. t. u. Average........... 443 B. t.u.

The meters used in these tests were calibrated before use with
a standard one-half cubic foot bottle; the thermometers were also
calibrated against a standard: the gas supply was uniform. An
odor of unburned gas was noticeable during the operation of the
Dessau Junkers. A truncated cone with the base upward was
mounted on the burner of each calorimeter. The Dessau Junkers
burner had strips of copper about % inch wide crossing at right
‘aagles over the top of the burner. This device served to divide the

es into four parts and caused each of the parts to shoot slightly
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outward instead of straight up,as in the University No. 879, The
flame, thus spread, impinged on the cold walls of the combustion
- chamber and portions of the gas escaped unburned, due to being

cooled below the ignition temperature. The spreader was then re-
moved from the burner and another set of tests made on the same
sample of gas. The results are given below:

DESSAU JUNKERS—SPREADER REMOVED

TestNo. 1. i, 545B.t.u.
TestNo.2.................. ... ... ........ 506 B. t. u.
TestNo.3................ .. ., 542 B. t.u.
Average........ ... i 531B.t.u.

Conditions were improved but there was still a difference of
32 B. t. u. between the University No. 872 and the Dessau J unkers,
and the variation in results is too great.

Some strong hot caustic soda solution was poured into the space
traversed by the products of combustion and left there for about
an hour. Then this solution was poured out and fresh water used
to remove all the caustic soda. Another set of comparative tests
was made with the following results:

U. W. No. 872 DESSAU JUNKERS
Test No.1......... 537 B.t.u. Test No.1......... 529 B. t. u.
Test No.2......... 539 B.t.u. Test No.2......... 527 B. t.u.
TestNo.3......... 527 B. t.u.
Test No.4......... 532B.t.u.
Average...........538B.t.u. Average........... 529 B. t. u.

There is still a difference of 9 B. t. u. Since the incrustation in
the water chamber could not be removed, and since the agreement
was sufficiently close to satisfy the owner, no further tests were
made.

The Junkers No. 872 calorimeter has been in use in this labora-
tory for purposes of instruction since 1905. It was noticed that the
indications of the outlet thermometer were rather unsteady. So
the space traversed by the products of combustion was filled with
warm water and left to stand over night. In the morning the flues
were brushed out with a bristle brush of the type used for cleaning
rifles. It is quite impossible to remove all the incrustation due to
sulphur in the gas. The brushing of the flues had a beneficial effect
for the indications of the thermometer were steadier. A comparison
of the readings on the outlet thermometer as observed in 1908 with
those obtained at present showed that the variation is about 0.2
degrees Fahrenheit greater.

It also seemed worth while to determine whéther, in the
“Meker” form of burner, combustion is more complete than in the
regular burner. The upper portion of the Meker burner was fitted
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on to the lower pecrtion of the regular burner so that both burners
projected the same distance into the combustion chamber. Six
tests were made for each condition of burner. The Meker burner
was adjusted (1) for the flame to show a faint luminous tip, (2)
the blue inner cone of the flame close to the grid. The regular bur-
ner was adjusted to have a luminous tip just showing.

REGULAR BURNER MEKER BURNER
i X . Blue inner cone
Faint luminous tip Faint luminous tip close to grid.
587 B. t. u. 579 B. t. u. 583 B. t. u.
584 581 583
583 580 578
581 582 580
582 581 585
583 587
Average 583 582 582

The Meker burner for gas calorimetry does not appear to have
any advantage over the regular burner.

A new Sargent calorimeter was checked against the University
Junkers No. 872 as soon as it arrived from the store. The same
meter and the same thermometers were used on both calorimeters
in the following manner: First the Sargent was tested, then the
same meter and thermometer were shifted to the Junkers No. 872
and tests made from the same main. Finally the shift was made
back to the Sargent. The Sargent was supplied with a rather wide
spreader and the tests seem to show that better results can be ob-
tained by leaving the spreader off the burner.

SARGENT CALORIMETER U. W. JUNKERS No.872
Spreader on Spreader off Regular
Time B.t.u. Time B.t.u. Time B.t.u.
9:30........... 545 11:15........... 559 10:00........... 557
9:40......... .. 547 11:30........... 559 10:10........... 555
10:30........... 562
10:40........... 566

Through the courtesy of Citizens Gas and Electric Company
of Waterloo, Towa, a curious sort of calorimeter was available for
test. This device is called the “Lanphier Caloroptie,” and its des-
cription and the rules for operating are here quoted from the in-
structions sheet.

OPERATION OF LANPHIER CALOROPTIC

“The instrument is a long barreled Bunsen burner with a mi-
Crometer sleeve revolving on the lower end of the barrel, each mark
on the sleeve index is one B. T. U., and one complete revolution of the
sleeve is 25 B. T. U. When the sleeve is down as far as it will go, the

Zero mark on the sleeve should rest on the vertical line on the barrel
and record 300.”

3



“The yellow or luminous tip on the inner flame cone is the ingj.
ator.”
¢ “To make the initial adjustment you must first know the exact
heat value of the gas, and for illustration assume 560 B. T. U.; turn
the sleeve until it reads 560 (as you would a micrometer caliper); as.
sume no luminous tip shows; by means of the two pin screw-driver
inserted in the barrel until it engages the gas nozzle, screw the latter
up, withdraw the screw-driver, light the burner; do this until you get
a very faint luminous tip, then screw down the gas nozzle (carefully)
until color has just disappeared or very faintly shows; in all subge.
quent observations adjust to this condition.” )

“The Caloroptic is now ready for use, keep it burning as you
would an old time jet photometer.”

“Wishing to read your gas, observe the inmer flame cone, assume
a luminous tip showing, turn up the sleeve until you observe the color
you had on the initial adjustment, then read the scale, as you would a
micrometer caliper, except that you read B. T. U. instead of thous-
andths of inches.”

“Assume a contrary condition, No yellow tip, screw sleeve down
until initial color is obtained, then read.”

“You will probably need no nozzle adjustment for months.”

It was not possible to get the results according to the directions
given above. Gas testing 595 B. t. u. in the Parr Gas calorimeter
could not be made to burn with a luminous tip in the Caloroptic
when the sleeve was set according to directions. Only when the
sleeve was turned down to decrease the air supply was it possible
to get the luminous tip to the flame. The gas orifice in the burner
evidently was too small for the air openings.

The procedure in these tests was as follows: Gas from the mains
was either diluted with carbon dioxide or enriched with benzole
to get a range of heating values from 450 to 691 B. t. u. Gas poorer
than 450 B. t. u. would not burn in the Parr Gas calorimeter. The
Parr calorimeter was chosen because it used such small quantities
of gas for tests and thus made the problem of producing small vol-
umes of gas of various heating values very simple. The heating
value of the gas was first determined by the Parr, then the gas was
burned in the Caloroptic and the sleeve adjusted so that the flame
showed a faint luminous tip on the inner cone. The reading of B. t.
u. noted on the burner stem when the luminous tip showed was
taken as the Caloroptic determination.

The following are the results obtained:

Parr Gas Lanphier

Calorimeter Caloroptic
450 B. t. u. 305
493 B. t.u. 340
545B.t.u. 425
555B.t. u. 470
594 B.t. u. 511
618 B. t. u. 542
630B.t.u. 572
656 B. t. u. 632

691 B. t. u. 676



These data are shown in the accompanying graph. It is evident

that the difference is large for the lower heating values where the
heavy hydrocarbons are practically absent, but at the higher heat-
ing values the readings come together. It is necessary to have a
“gteady pressure on the burner to get satisfactory checks on the set-
ting of the sleeve. An agreement within 25 to 40 B. t. u. in the set-
ting was as about close as the operator could get in these tests. For
arough approximation the Caloroptic would perhaps find some use,
but as a means for making determinations to satisfy Regulatory
Bodies it leaves much to be desired.

Grateful acknowledgement is hereby made to Mr. H. D. Val-
entine, Instructor in Chemical Engineering, for assistance in ob-
taining the experimental data of this report.

CHEMICAL ENGINEERING LABORATORIES,
UNIVERSITY OF WISCONSIN.
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ELECTROPLATING ON
IRON FROM COPPER
SULPHATE SOLUTION

BY

O. P. WATTS






A poper presented at the Thirty-fifth Gen-
eval Meeting of the American Electro-
chemical Society, in New York City,
April 3, 1919, President Tone in the Chair.

ELECTRO-PLATING ON IRON FROM COPPER SULPHATE
SOLUTION.!

By OrivEr P, Warrs.t

ABSTRACT.

A discussion of getting good electro-platings of copper upon iron
by preliminary dipping of the iron article in solutions of various
metals which lie, electrochemically, between iron and copper.
Arsenic, antimony, bismuth, lead and tin dipping solutions were
tried, and arsenic, lead and antimony solutions found effective in
securing a good subsequent electro-plating of copper. Even bis-
muth can be electro-deposited on iron by using a preliminary
arsenic or antimony dip. Nickel can be deposited on aluminum
by using a ferric chloride dipping solution; the author was not
able to improve on this. [J. W. R.]

For electro-plating on iron or steel from a copper sulphate solu-
tion, platers have in the past found it necessary either to give the
metal a preliminary coat of nickel or to plate it with copper from
a cyanide solution before transferring the object to the copper
sulphate plating bath. Since the sulphate solution is much more
satisfactory than the cyanide for the production of heavy deposits
of copper, where these are required the plater has been compelled
to maintain two different plating solutions, and to perform two
distinct plating operations. The desirability of being able to plate
directly on steel in the copper sulphate solution is apparent, and
many persons have tried to discover a method of doing so, but
until recently in vain.

‘The difficulty which proved insuperable in the many years that
copper plating on iron has been practiced is the attacking of the

! Manuseript received February 3, 1919,
s iate Prof of Chemical Engineering, University of Wisconsin.
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266 OLIVER P. WATTS.

steel by the electrolyte, and the deposition of copper “by immer-
sion.” When a strip of zinc or iron is dipped into a solution of
copper sulphate, metal dissolves and a chemically equivalent
amount of copper is deposited from the solution. This action
is in its nature the same as the dissolving of a metal by sulphuric
acid, differing only in that copper is plated out of solution instead
of hydrogen. The trouble in plating upon a metal which receives
such a deposit by immersion is two-fold: when reaction between
the metal and the solution is rapid the character of the deposit is
the same as that obtained in extremely rapid deposition by the
current, it is rough, powdery, and non-adherent; and since the
driving force which causes the metal to be deposited is the going
into solution of an equivalent amount of metal from the object
which is being plated, there is a continual undermining of the
foundation upon which the deposited metal rests, so that the
plating blisters or becomes entirely detached after a short period
of service. The remedy which naturally suggests itself is to use
a large current at the outset, and cover the object with an electro-
lytic deposit so quickly that there will not be time for the cor-
rosive action of the electrolyte to do serious damage. 'This
method is successful when the rate of attack by the electrolyte is
slow, i. e, when the E.M.F. between the object and the metal
constituting the deposit is small, but when this EEM.F. is great,
even starting in, or “striking,” at a high current'density fails to
overcome the trouble. It is for these reasons that platers have
found it impossible to secure from neutral or acid solutions of
their common salts an adherent electro-plate of copper, silver,
platinum, or gold on such electro-positive metals as magnesium,
zing, or iron.

At the annual convention of the American Electro-platers’
Society held at Detroit in July of last year, a paper was pre-
sented by John Satka, of the Chicago Branch,® which gave a
method of copper-plating on iron or steel from a copper sulphate
solution without the usual preliminary plating in the copper cyan-
ide or the nickel solution. The method consisted in immersing
the cleaned steel in a solution of 8 ounces of arsenious oxide to a
gallon of hydrochloric acid (60 g. per liter), rinsing, and plating
in the copper sulphate bath at a current density of 10 to 15 am-

* August issuc of Monthly Review of American Electroplaters’ Society.
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peres per square foot (1.10-1.65 A. per sq. dm.). Care should
be taken that contact with the cathode rod is made as soon as

the steel touches the solution. Since it is necessary that the
arsenic dip shall reach every portion of the surface of the steel,
the articles should be dipped in the solution several times to insure
complete substitution of the rinse water by the arsenic dip. Under
these conditions a bright copper coating is deposited, which will
withstand polishing, scratch-brushing, and ball-burnishing. 'This
method is already being used by a number of platers, and seems
destined to wide usefulness.

In seeking a reason for the remarkable effect produced by
immersion of iron in the arsenic solution, one naturally thinks
of the prevention of the corrosion of iron by hydrochloric or sul-
phuric acid that is brought about by dissolving a little arsenic in
the acid. Although a striking coincidence, this other effect of
arsenic furnishes no key to ‘the mystery under consideration.
Arsenic prevents corrosion of iron by providing a cathode mate-
rial on which the potential required for the evolution of hydrogen
exceeds the potential of iron, so that iron is unable to displace
hydrogen from the solution, and corrosion of the iron ceases ;*
but when plating on iron from copper sulphate solution the trouble
heretofore experienced has been due to the displacement of cop-
per, not hydrogen, and the ability of arsenic to prevent the dis-
placement of hydrogen by iron seems to offer no explanation of
the beneficial effect of its presence in this case.

During immersion in the arsenic dip used by Mr. Satka, a coat-
ing of arsenic, more or less perfect, must be deposited on the iron,
and it is the presence of this coating of arsenic that makes it pos-
sible to secure an adherent deposit of copper. But how? Here-
tofore deposits produced by simple immersion have been regarded
with suspicion by the plater ; if-thin, they do not protect the iron,
but rather accelerate rusting, and if an attempt be made to secure
a thick deposit by prolonged immersion of the iron, the entire
deposit is liable to come off. Does this film of arsenic differ in
some fundamental way from all other deposits produced by
immersion, or can its beneficial effect in plating on iron with
copper be brought about by other metals? Experiment alone can
answer this question.

* Trans, Am. Electrochemical Society (1912), 21, 337; (1917), 32, 257.
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The only metals which give any promise of furnishing a sub-
stitute for arsenic are those which are below iron, and are above
or but a trifle below copper in the electrochemical series. The
other metal must be below iron in order to deposit on iron by
immersion, and should be above copper or but little below it, else
the remedy will prove worse than the disease which it is hoped
to cure. According to Neumann, the common metals which lie
within these limits are the following:

Sulphate Chloride
Iron ................... +0.093 +-0.087
Nickel ................. —0.022 —0.020
Tin coviveiiiiiinnn... ceen —0.085
Lead .................. ceen —0.095
Bismuth . e —0.315
Antimony —0.376
Copper ..........o..l. . cees
Arsenic ............... e —0.550

Measurements, by the writer, of the E.M.F. between copper
and copper plated with arsenic, antimony, and bismuth, gave
values of 0.034, 0.068, and 0.042 volts, respectively. All three
metals were positive to copper, but only bismuth precipitated
copper from the acid sulphate plating bath used in the experi-
ments which follow. The failure of antimony to do so is prob-
ably due to the formation of an insoluble basic sulphate.

Of the metals in the list above, nickel lies too close to iron to
yield a deposit by immersion, hence none of its salts were tried
as dips for iron, but solutions of each of the others were used as
preliminary dips before copper-plating.

It is of course essential that the coat of metal obtained by im-
mersion shall be smooth and fairly adherent; much trouble was
experienced in obtaining such a deposit with some of the above
metals.

THE ARSENIC DIP.

In using the arsenic dip the concentration of arsenious oxide
was varied from 10 to 60 grams per liter of hydrochloric acid,
and the acid was also diluted with two volumes of water without
detriment to the effectiveness of the dip. Good results in copper-
plating were obtained with a variation of the time of immersion
in the arsenic dip from 10 seconds to 6 minutes. Several speci-
mens failed to take a perfect coat of arsenic, as was shown by
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removal of the copper plate from portions of the sheet by the
scratch brush. The reason for these failures was not apparent,

as the sheet iron had been put through the usual cleaning process,
viz,, removal of mill scale by hydrochloric acid, rinsing, brush-
ing with a brass scratch brush to brighten the surface, dipping
for an instant in the pickling acid, rinsing, immersion in the arsenic
dip, rinsing, and plating. Sulphuric acid was tried as a solvent
for the arsenic instead of muriatic, with only slightly less satis-
factory results.
THE LEAD DIP.

A lead dip was prepared by diluting 40 c.c. of the lead fluosili-
cate plating bath with 400 c.c. of water, adding 100 c.c. of fluo-
silicic acid, and a solution of 4 grams of gelatine. This acted
slower than the arsenic dip, and required about 30 seconds’ im-
mersion to insure a good copper plate on-iron. There were less
failures from bad spots in the copper plating than with the arsenic
dip. Solutions of lead nitrate acidified by nitric acid and of lead
acetate made acid by acetic acid were also tried, but the copper
plate could be rubbed off in every case in which these dips were
used. Their failure as dips is probably due to the crystalline
nature of the lead deposited from them.

THE ANTIMONY DIP.

In experimenting with antimony chloride a very concentrated
solution of magnesium chloride, strongly acidified with hydro-
chloric acid, was used as a solvent, in order to lessen the amount
of hydrochloric acid which would otherwise have been necessary
to keep the antimony in solution and to prevent a black, spongy
deposit of antimony on the iron. About 1 c.c. of formalin was
added per 100 c.c. of solution, to diminish attack of the iron by
the hydrochloric acid. In order to obtain uniformly good deposits
of copper by the use of this dip it was found necessary to acidify
the copper plating bath more strongly than when using the arsenic
and lead dips.

" THE BISMUTH DIP.

From solutions of bismuth chloride it proved very difficult to
get a smooth, bright deposit on iron by immersion. In spite of
the use of magnesium chloride and hydrochloric acid in the dip,
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a trace of water on the iron when immersed would cause a black
smut to be deposited. By dipping the iron in concentrated hydro-
chloric acid just before immersing in the bismuth dip some fair-
looking coats of bismuth were obtained, but except in the case of
two narrow strips of iron, a good copper plating could not be
obtained over the bismuth; the copper solution seemed to get
through the bismuth coating and attack the iron, for the copper
plate was easily rubbed off. Deposition of copper on bismuth by
immersion was found to take place slowly, and to give a coating
of copper which stood severe scratch-brushing.

THE TIN DIP.

An acidified solution of tin chloride seemed to give a good de-
posit of tin on iron by immersion, but it was impossible to obtain
a good plate of copper after using the tin dip, although copper
deposits on tin rather quickly by immersion. A good copper plate
was obtained on a bar of tin. The reason for the failure of the
tin dip is not clear. '

THE COPPER DIP,

Success with the antimony, arsenic, and lead dips suggested
an attempt to copper-plate iron by the use of a copper dip made
up on similar lines, 4. ¢, a solution weak in copper and highly
acidified. It was found that increase of acid in a dilute solution
of copper sulphate slows down the rate of deposition by immer-
sion on iron, and with a solution of copper sulphate in concen-
trated sulphuric acid the deposition of copper becomes very slow.
All attempts to plate upon such deposits failed.

Phe finding of several other metals which may be substituted
for arsenic as the basis of a dip for the plating of iron from a
solution of copper sulphate, seems to indicate that the beneficial
action of arsenic consists merely in its forming a coating over
the iron which adheres fairly well, and protects the iron beneath
for the brief time, 4 or 5 minutes, needed to give it a coat of
copper by the current. To confirm this view it seemed desirable
to try the arsenic dip as an aid to plating with some other metal
than copper from a solution that does not give an adherent de-
posit on iron. For this purpose bismuth was selected as the sub-
stitute for copper.
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PLATING ON IRON WITH BISMUTH BY AID OF THE ARSENIC DIP.

Fifty grams of bismuth oxide was dissolved in 100 c.c. of con-
centrated hydrochloric acid, to which 10 c.c. of formalin was
added to minimize attack of the iron by the acid. When tested
by plating on copper, a gray, adherent deposit was obtained. On
iron the deposit by the current peeled in spots at the end of five
minutes, and a scratch brush remgved most of what remained.
However, both the arsenic and antimony dips made it possible
to get a Bood, adherent plate of bismuth on iron. Use of the lead
dip resulted in the bismuth plate taking the form of a black smut.
An attempt to plate on sheet lead with bismuth showed the failure
of the lead dip to be due to attack of the lead by the plating bath,
with deposition of the smut. Owing to the brittleness of bismuth,
it cannot be recommended as suitable for general use in plating.

SILVER-PLATING BY AID OF THE DIPS.

Acid solutions of silver salts give a spongy deposit on iron by
immersion, and plating from them is therefore a failure on iron.
Tests of the above dips as aids to plating on iron from an acid
selution of silver fluoborate resulted in non-adherent deposits in
every case. This is not surprising in view of the distance that
silver is below arsenic, antimony, and lead in the electrochemical
series. On dipping these three metals in the silver-plating solu-
tion a black, spongy deposit instantly formed on each metal. ‘This
failure of the dips for silver-plating made their testing for plating
with gold and platinum, metals of still lower potential, unneces-
sary,

THE ARSENIC DIP FOR COPPER-PLATING ON ALUMINUM.

One of the most successful methods of plating on aluminym,
a problem that long baffled the plater, consists in dipping the
cleaned aluminum for a half minute into dilute hydrochloric acid
which contains 1 percent of ferric chloride, and then plating with
nickel. The beneficial effect of this treatment is believed to lie in
the deposition of iron by immersion, to which metal the nickel
plate adheres well. If a perfect coating of arsenic, antimony, or
lead could be given to aluminum by the dips previously employed,
it should be possible to plate aluminum with copper instead of
wickel, which, for obvious reasons, it is now necessary to use.
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On immersing aluminum in the bismuth and tin dips, a black
smut at once formed, so these were abandoned. Several samples
of copper plate on aluminum were prepared by aid of the arsenic
and lead dips; they stood polishing, but on cutting away the
edges of the sheet and stripping off the copper plate, adhesion
seemed slightly poorer where the sheet had been immersed in the
dip than it was above this point. No beneficial effect was ob-
served for any of the dips used.

In the experiments in copper-plating on iron, flat sheets, 2 by
6 inches (5 by 15 cm.) were employed ; it is therefore impossible
to draw conclusions regarding the effectiveness of the dips on the
large and irregular material that frequently must be plated in
commercial work. Objects with deep recesses, into which the
copper sulphate solution will not “throw” well, may be expected
to cause trouble in using the arsenic dip, and may prove impos-
sible to plate by this means. Although adhesion was good enough
to stand polishing, it is inferior to that of the ordinary electro-
plate, in the production of which deposition by immersion has
played no part.

Some misanthrope, who would discourage human endeavor,
once said “There is nothing new under the sun,” and a study of
the history of the most revolutionary discoveries in science seems
to bear out this statement. In spite of the novelty of the arsenic
dip, and the accomplishment by its use of that which had been
regarded as impossible, the principle underlying its action has
long been employed by platers in the “blue” or “quick” dip. This
consists of a salt of mercury dissolved in potassium cyanide, into
which articles of copper or brass are dipped before silver-plating.
Its purpose and method of operation are exactly those already
set forth in explanation of the arsenic dip; mercury is deposited
on the other metal by immersion, and lowers the potential of the
object to be plated so that corrosion by the electrolyte is dimin-
ished, and in consequence there is a slightly better adhesion of
silver plate when the “quick” dip is used. Since the potentials of
copper and brass in dilute cyanide solutions are not much greater
than that of silver, the attack of these metals by the silver bath
is not severe, and a very satisfactory silver plate can be secured
on copper or brass without employing the “quick” dip.

The arsenic dip is merely the latest case in which the plater’s
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old enemy, deposition by immersion, has been made an ally by
the simple expedient of introducing an intermediate stage—the-
deposition by immersion of a metal that is only part way down
to the potential of the metal with which it is desired to plate the-
electro-positive metal.

, SUMMARY.

It has been discovered recently that by immersing iron for a
few moments in an acidified solution of arsenious oxide, an ad-
herent copper-plate may be deposited from an acid electrolyte,.
but no adequate explanation had been offered for this unique:
effect of arsenic. In this paper it has been shown that certain solu-
tions of lead and antimony may be substituted for the arsenic
dip, previous to direct-current plating of copper on iron from.
copper sulphate.

It appears to be impossible to obtain a perfect plate on iron.
from solutions of bismuth chloride by the usual methods of elec-
tro-plating ; but use of the arsenic or antimony dip is attended:
with the same successes as in copper plating.

The successful substitution of solutions of antimony and lead:
for arsenic, and the application of these dips to plating on iron
with bismuth, show that the beneficial effect of the arsenic dip is.
not due to a property peculiar to arsenic alone, but is the result
of coating the iron with a metal whose potential in acid solutions.
is 0 near to that of copper that it is possible to deposit a good:
copper plate upon it, yet whose potential is not so far below iron.
that it will deposit on iron in a powdery, non-adherent form.

Chemical Engineering Laboratories,
University of Wisconsin.

DISCUSSION.

W. D. MaiNwaRING? (Communicated) : One of the problems:
upon which I was consulted recently was the electrodeposition of
‘“‘fkel upon steel tools. The particular articles were surgical
chisels for government uses.

Upon first being consulted, the question was asked, are you

! Production Eng., Cleveland, Ohio.



274 DISCUSSION.

giving the tools a preliminary copper plate, the answer re.tumed
was no. An investigation was next conducted to find out if pog.
sible what kind of surgical tools were double plated. I was greatly
surprised to find that practically all such articles were nicke
plated directly upon the instruments. '

The tools themselves were next examined and it was founq
that the nickel plate was peeling from them in various manners,
at the point, along the edges and down the sides. The next st
considered was the reasons for the peeling of the nickel. Every
factor was considered in the problem, the thickness of coating,
on point and sides, the effect of honing the tool after plat-ing was
completed. This operation had to be done at this stage in order
to have cutting edges in excellent shape. It was contended that
no matter when the honing was done the nickel-plating should
stick. During the examination of the tools, it was found that
every tool on which the nickel plate was stripping had a film of
dirt and oxide between the plate and surface of tool.

This report relating to the'above caused more care to be taken
in cleansing the tools, but still the thing kept occurring. It had
been observed that the tanks were uncovered and anodes and sur.
face of liquid were very dirty, this was also pointed out. Better
results were finally obtained, but the percentage of waste remained
extremely high. '

Since working upon this problem, an effort has been made to.
arrive at an answer to the question, how did the dirt get between
the nickel-plating and surface of the tool, the tools being perfectly
clean when placed in the tank. It has been stated that the surface
of tanks and anodes were extremely dirty. When the articles to
be plated are placed in a tank and the current is turned on, an
active decomposition of the water at once takes place, a flow of
water to the surface of the tool immediately begins to make up
for that decomposed, any dirt that would be on the surface of
the tank would be drawn down and deposited with the nickel,
just as long as the tools remained in the tank.

I might say that the particles that covered the surface of the
tank were not all dirt; some of the particles were salts, nickel
salts that had crystallized out; they were floating on the surface
of the tank, and also the anodes. This was pointed out. In these
tools after the tool was honed, just breaking the nickel, the entire
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nickel plate would strip off and you could see the flow of dirt
from here down the tool, and it all settled in the point.

- This discussion is written to emphasize the point that in any
method of plating used, the fundamental principle of success is
cleanliness, not only of tools but tanks ; they should be thoroughly

cleaned out at times and not allowed to become covered with dirt
and dust.

It seems to me that all kinds of steel articles should receive a
preliminary: coating of copper before the nickel-plating is done.

The process described by Mr. Watts seems to give an efficient
method for doing this.

Gro. B. HocaBooM?: In the gentleman’s discussion, I think
his argument in regard to the dirt on top of the solution going
down into the solution and depositing on the work is equally
applicable, whether the article was copper plated or not copper
plated. And copper plating would not prevent the dirt from
appearing. ’

The question of depositing nickel upon steel directly is in-
fluenced more by the amount of current that is used. You can
get a current that would deposit hydrogen primarily, or you can
get a current that would deposit hydrogen with the nickel. In
the first place, you would have a distinct peeling ; in the second
place, you would have a peeling at the edges and pitting. It is
not a question of cleanliness. If the solution had some crystals
of nickel sulphate on the anodes. it would show that there was
something radically wrong with his nickel solution. If he was
using a double sulphate solution he would not be able to use over
12 0z. per gallon (90 gm. per liter), and if the temperature of
the room should decrease to 50° F. (10° C.), there would be
crystallization of the salts, but, if a single sulphate solution was
used, that would eliminate crystallization.

There should not be, nor is, any difficulty in depositing nickel
directly upon steel. Shears are plated with nickel without pre-
vious copper plating. After they are plated, they are ground, that
18, the nickel on the inside of the shear is ground off, and the
edges are sharpened. The adherence of the nickel depends
tntirely upon the condition of the solution and the amount of

! Blectroplating Advisor, U. S. Bureau of Standards, Washington, D. C.
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current used, and the same thing should be true for surgicy
instruments.

W. D. MaiNnwaARrING: During the working out of that probley,
we tried ali the current densities, and also the question was takep
up with certain physicians in Philadelphia as to the advisability
of first plating the article with copper. We did not pl.ate the tools
with copper, but we finally succeeded in getting a coating of nicke]
to stick.

A. G. REgvE®: We plated our surgical instruments with nicke],
The plating may perhaps have peeled from a few of thetf\, but
I think the plating held pretty well on nearly all, and we did not
plate any of them with copper. We plate a great deal of our
cutlery and deposit nickel on much of it, not on all; on some we
deposit silver directly on the steel, and I heartily agree with what
Mr. Hogaboom has said about causing the nickel to adhere
directly to the steel. The idea of the dirt being drawn from the
surface of the tank is a new one to me. In all my experience |
never saw anything that gave me the idea that that could take
place. Perhaps it does; but I have noticed this, in passing a well-
cleaned steel article from a rinse-tank into a nickel-plating bath,
if there is dirt or anything on the top of the bath, the film of
liquid covering the articles to be plated will spread immediately
when it strikes the surface of the bath, as the work enters, so
that the dirt that was there in minute floating particles imme-
diately spreads out, making a clean place through which the work
passes and is clean after it gets into the bath. Of course, if the
dirt, by some means or other, is drawn down on to the work after
that, harm will be done, but, for myself, T never saw any work
which T thought was caused to be defectively plated in that
manner. We have found, however, that holding the work up
and looking at it as it is coated with water and observing the
water-break, as we call it, to see if the water will run off or stand
on the article, in drops, is quite an inadequate test for deter-
mining the cleanliness of steel. Steel used in cutlery frequently
has more or less numerous very minute pinholes which can only
be observed with the aid of the microscope and are absolutely in-
visible to the naked eye, and these reach in to a sufficient depth

* Res. Dept., Oneida Community Ltd.,, Kenwood, N. Y.
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and seem to be capable of holding enough foreign materials,
grease, buff dirt, pickling acid, or most anything of that kind, so
that when you hold the article up to observe as to its cleanliness,
you possibly do not get a water-break because the main surface
is absolutely clean, and the water cannot break away from it, but
sufficient foreign matter exudes from the pinholes to prevent
deposition immediately adjacent thereto, and the imperfection is
not bridged over, so that the water-break is very inadequate as a
test for the degree of cleanliness required by our line of plating.
Our experience has been that if we get the work properly and thor-
oughly cleaned, and, as we say, cleaned to a sufficient
depth, nickel plating, if put on as Mr. Hogaboom says, with
sufficiently low current density, will adhere with great tenacity
and can not be pried off by mechanical means.

C. P. MapseEn*: I regard this paper as a very important con-
tribution to the art of copper deposition on ferrous metals, I,
however, question the suggested value of the process outlined in
this paper as a means of copper plating iron before nickel plating.
So long as metals are deposited in the porous condition shown by
Dr. Watts’ former paper entitled “The Protection of Iron by
Electroplating,” the advantage of first plating the iron with copper
is questionable, especially for such articles as cooking vessels and
surgical instruments, whether the copper deposit made by these
ew processes of treating the iron surface is more impervious than
that made from a cyanide bath or not, because verdigris can still
form through the porous nickel deposit.

I agree with Mr. Hogaboom that nickel can be deposited
directly upon iron at least as adherently as copper, and that, there-
fore, an intermediary coating of copper is not necessary for this
purpose,

The origin of the dirt which Mr. Reeves refers to may not be
50 mysterious when the character of commercial nickel anodes
Is understood. These anodes not only contain considerable iron
but also many insoluble impurities. Under certain conditions
3 considerable quantity of nickel oxide in the form of a black
Msoluble powder is also formed. While normally this oxide and
™soluble impurities should settle in the bottom of the bath it can
under certain conditions be carried across the cathode, which may

a . .
cfount for the dirty surface mentioned.
Consulting Engineer, New York City.
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I may also add that I do not quite agree with Mr. Reeves that
dirt in the bath is the only cause of pinholes. It is true, of course,
that any kind of impurity in a deposition bath causes imperfec.
tions in the deposits, but I have also encountered pinholes iy
deposits made from chemically pure and clean baths and have,
therefore, concluded that they may be an inherent result of cer-
tain factors of deposition.

Ww. BLum®: It is interesting to note that Dr. Watts (as well
as Mr. Satka, the author of this method), was able to obtain good
deposits of copper upon steel covered with a preliminary coating
of arsenic, a metal usually placed below copper in the electro.
chemical series ; but was unable to substitute for the arsenic cer-
tain of the metals which are intermediate between iron and copper.
This behavior illustrates the fact, emphasized a few years ago in
a paper by Dr. Frary, that the question as to whether and in what
form a metal will deposit upon another metal by immersion, will
depend upon the relative potentials between the two metals and
the particular solution employed. This relation in turn wil
depend not so much upon the normal position of the elements in

the electrochemical series, as upon the character, and especially
the metal ion concentration of the solution.

J. W. RicHARDS®: In regard to the use of nickel plating on
surgical instruments, it is interesting to note that one of our
members, Mr. Haines, manufactures an alloy called stellite, which
is a substitute for tool steel and makes an excellent material for
surgical instruments. I understand that a large amount of his
activities during the war has been in the manufacture of surgical

instruments out of stellite, that being one metal that is not attacked
by solutions.

Gro. B. HocaBooM: Why would not chromium steel act as
well? I have some knives on my table made of chromium steel
which have been used five years, and you can cut any kind of
fruit with them and leave the juice standing on them over night
or any length of time, and they are absolutely free from stains.

J. W. Ricuarps: 1 think one question is that of resisting the
antiseptic solutions which are used and may attack the chrome
steel but are said not to attack the stellite.

¢ Chemist, Bureau of Standards, Washington, D. C.
¢ Prof. of Metallurgy, Lehigh University.
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REMARKABLE PITTING OF ELECTROPLATING!

By Oriver P. Warrs.t

ABSTRACT.

When making some lead platings, heavy pitting suddenly and
irregularly appeared. After considerable study of the cause, it
was finally found to be due to air dissolving in the electrolyte
while it was resting over night and cooling, which was then ex-
pelled as minute air bubbles on the work when the bath was
heated up by the passage of the current. The microscopic bubbles
clinging to the work, which had been left immersed in the bath,
started the pitting. [J. W. R.)

Although the conditions which led to the unusual pitting which
is the subject of this brief paper are very seldom met with in
plating, the possibility that others may encounter the same diffi-
culty makes it seem desirable to describe the phenomenon, and
to tell its cause. '

The trouble occurred in giving steel articles a plating of lead
0:010 inch (0.25 mm.) thick from a solution of lead fluosilicate,
and consisted in the lead coating being more or less completely
perforated by hundreds of small holes, which, from their size,
may best be called pin-holes, and which of course rendered the
lead plating useless.

"A peculiarity not shown in the accompanying picture is the
tendency of the pits to appear first along a sharp edge, e. g., where
3 line of slag had been removed by the pickling solution. The
Most surprising thing about this attack of pin-holes was its sud-
denness and severity. Plating had been going on for six weeks

:Mar‘mscript received February 3, 1919,
Assistant Professor of Chemical Engineering, University of Wisconsin.
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before the trouble developed, but at its first appearance a hal§
day’s output of the plating tanks was spoiled. The trouble then
grew less, and soon ceased. Several days later it recurred, ajf
plating from the three tanks being badly pitted. Plating wag
‘then stopped until the cause of trouble could be determined and 3
‘remedy found.

There was much mineral oil on the articles as received at the
‘plating room, and some of this was found to be carried over from
‘the electric cleaner employed to remove it into the acid pickle
used to remove rust just previous to plating. The hydrogen set
free from the acid broke this up into microscopic drops which
were found floating on the surface of the pickle, through which
‘the work must be withdrawn. Complete elimination of the oil,
however, did not stop the pin-holes.

The observation that many of the holes extended only part
‘way through the lead coating furnished the clue to the cause of
‘the trouble, viz., that the holes were due to the collection of
‘bubbles of air which was being slowly expelled from the plating
‘bath.

During the hot weather of July and August, when the tempera-
‘ture of the solution was 115 to 120° F. (44 to 47° C.) and the tanks
were in use 24 hours a day, this trouble did not occur; but the
-coincidence of the cool nights of September with an insufficient
supply of material to be plated, so that the tanks occasionally
stood idle from 8 P. M. to 9 or 10 A. M., permitted the sohition
to cool from its working temperature to about 78° F. (25° C);
‘this cool solution then dissolved a considerable quantity of air.
When the current of 900 amperes was turned on, four or five
hours were required for the solution to regain its normal working
temperature ; during this time the dissolved air was slowly ex-
pelled and collected in minute bubbles, which clung to the articles
that were being plated and so caused the pin-holes. A similar
expulsion of dissolved air is seen when a tumbler of cold, aerated
water is brought into a warm room ; bubbles of air slowly gather
on the sides of the tumbler. The large current used, the high
resistivity of the solution in comparison with the copper sulphate
bath, for example, the small surface exposed to the air (the tanks
were 28 inches (70 cm.) deep and slightly less in width), and
‘the heat insulation furnished by the 3-inch (7.5 cm.) plank of
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which the tanks were constructed, all contributed to the troublc
since their combined effect was to make the operating tempera-
ture of the solution over 20° F. (11° C.) above that of the room.
The three hours required for deposition gave ample time for
bubbles of air to collect.

The difficulty was overcome by heating the solution to a little
above its working temperature by means of a lead steam coil
before resuming plating, whenever the tanks had been out of use
for any considerable time.

Similar trouble by gas-pitting may be expected whenever a
plating solution that is used for heavy deposits, and operates at
an elevated temperature, stands idle and cold for many hours;
but if there is a steady evolution of hydrogen from the cathode
during normal operation of the bath, as with the cyanide copper
or the brass solution, no trouble need be anticipated, for the
stream of gas, ascending along the surface of the metal, will pre-
vent bubbles from clinging long enough to form pits in the plating.
Pitting may be expected only when the rate of evolution of gas
from the work is extremely slow.

Department of Chemical Engineering,
University of Wisconsin.

DISCUSSION.

Gro. B. HocaBoom': Dr. Watts’ paper opens up a discussion
upon electroplating that I think is more broad than his paper
would indicate. If you read any text book upon electroplating,
one of the first postulates is to boil a new solution. In looking
up some of the literature I find that Roseleur in 1852, was one
of the first to recommend the boiling of solutions, as it would
improve the deposit. It is quite evident that the boiling of the
solution is to drive out whatever air there may have been in the
water in mixing the solution.

Several years ago I was working on heavy silver deposits and
after crystallizing out the carbonates by lowering the temperature
of the solution they were filtered off. To each 100 gallons of

lElectroplating Advisor, U. S. Bureau of Standards.
19
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solution 20 gallons of very cold water directly from the faucet
were added. I was required by the President of the Company to
immediately place some work in that solution and run it. The
deposits were run for twenty hours. Every piece that was put
into the bath came out in exactly the same pitted condition as
Dr. Watts’ booster shell. That solution was then run with the
porous cell for five hours and work put in it and the deposit
became normal. The following day I tried it on another bath
with some work and duplicated the condition and results, in fact,
it was duplicated the day after. A year later it was tried again
with the same pitting. It was evident that the pitting was due to
the addition of cold water which had sufficient air in it to cause
the pits.
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Teaching Pyrometry

BY O. L. KOW’ALKE,"r MADISON, WIS.

(Chicago Meeting, September, 1919)

TrE measurement and control of temperatures have assumed posi-
tions of great importance in many industries. The manufacturers of by-
product coke and carbureted water gas find that proper temperature
control helps to produce a better product and economizes in the use of raw
materials. In the manufacture of glass, enameled ware, brass, and
high-temperature refractories, temperature control is now regarded as
being coérdinate in importance with the control of materials used. To
control such processes as malleablizing cast iron, and hardening, temper-
ing, and annealing of steel in a manner to meet exacting market require-
ments has, within recent years, involved the installation of large and
expensive pyrometer equipments. In many of these installations, it was
lecessary not merely to measure but also to record the temperatures over
speriod of time and thus obtain a record of the entire heat treatment and
an effective check on the workmen in charge.

In view of the importance of temperature measurement and control
in such a wide variety of industries and the necessity for proper super-
vision of the installation and operation of the outfits, the following ques-
tions may be pertinent: What instruction is offered by the engineering
tolleges and what departments in the colleges are responsible therefor?

The latest available catalogs of ten prominent engineering colleges
tast of the Mississippi River showed courses in high-temperature measure-
lents given by the departments of physics. These courses, in general,
Were described as comprising classroom and laboratory instruction in the
theory of high-temperature measurements, together with exercises in the
wlibration of the various devices used. In some cases it was stated that
tonsideration would be given, in the courses, to the practical applications
I the industries. In only one college was the course required of all
egineering students; in most colleges it was optional; in a few colleges,
1t wag required only of certain groups. In colleges offering a course in
Retallurgical engineering, instruction in pyrometry was always given in
“unection with metallurgical laboratory work. The students in ceramic,

* Professor of Chemical Engineering, University of Wisconsin.
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chemical, and metallurgical engineering in three colleges were given S0me.
what formal instruction in pyrometry by their respective facultieg, It
did not appear that mechanical or electrical engineering students ip any of
the colleges, except one, were scheduled for instruction in PyTomet
although such students, after graduation, are frequently engaged in w‘)ﬂ;
requiring heat treatment of metal or temperature control.

Is a special course in pyrometry in the curricula for ceramic, chemigg)
mechanical, and metallurgical engineers justifiable? This may be ;
debatable question. Local conditions and plan of organization of the
college usually govern the feasibility of such arequirement. Considerap),
time, however, is given to instruction of students in the above cg
in the determination of the heating values of coal and gas, the quality of
steam, the composition of gases, and the measurement of electrica]
energy. Is it probable that all these students, after graduation, wi]
make use of the instruction in any of the above determinations more
frequently than of a proportionate amount of instruction in Pyrometry
The field of usefulness of pyrometers will be extended in keeping with the
improvements in the instruments and a realization of the necessity for
accurate temperature measurements and control. In view of the pregent
wide application and importance of pyrometry, instruction in it shouy
receive at least the same emphasis in the curricula for ceramic, chemical
and mechanical engineering that it apparently receives in the curriculun
for metallurgical engineering in most colleges.

It would bedifficult to prescribe the content of a course in pyrometry
to meet the conditions in all colleges. Since most engineers will have to
do with the measurement and control of temperature in industrial opers.
tion, it seems desirable to confine the scope of this discussion to industrial
neceds. The operation of the law of the survival of the fittest seems to
have left the thermocouple, the radiation, and the optical pyrometersin
possession of the field of high-temperature operations. Thus, a mini
mum content of course ought to include instruction in the principles of
operation and the calibration and applications of each of these types.
Historical matter and development of the fundamental temperature scales
need be only briefly considered; but some time can profitably be devoted
to the study of the construction of auxiliary equipment, such as furnaces,
heat regulating and insulating devices.

The thermocouple is no doubt more widely used than any other devie
for measuring high temperatures, and it is also much abused. The in-
struction concerning it might well include: method of making, calibrs -
tion by determining the electromotive force at the melting points of pure
metals, calibration against a standard couple, effect of depth of immersion
on resultant electromotive force due to heterogeneity, and protection
against contamination. The measurement of the electromotive forceso
couples by millivoltmeters and potentiometers may be studied with
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apeﬂi&li reference to low against high resistance millivoltmeters, milli-
vtmeters against potentiometers with different depths of immersions,
ad varying temperatures in the lead wires.

Radiation pyrometers of the fixed and movable focus type and optical
pyrometers of the Wanner and Morse types should be studied with refer-
ence to the principles involved in each, the construction, the methods of
wlibration, the limitations of each for various kinds of work, and the ease
vith which they may be manipulated. Special optical pyrometers, in-
wlving the matching of colored screens in the instrument against the
field of vision, can be given some consideration.

Due to the limited use of resistance thermometers in the measure-
ment of furnace temperatures, less emphasis may well be put on them than
mthermocouples. It is worth while to point out the principles involved,
the construction of the apparatus, and the methods of calibration. If
the time can be spared, actual calibrations from fixed points are greatly
vorth while.

Since check calibrations on pyrometer installations are always nec-
wsary and since the engineer in charge will many times have to do such
work with meager equipment, it will be worth the time spent to teach the
student how to construct furnaces and heat-regulating devices. It may
10t be advisable to require the student to construct the furnaces used in
the course, but it is desirable, wherever possible, for him to make the
repairs,

The interest of the average student is not sustained in a course in
prometry if it is devoted exclusively to problems in calibration, such
problems being long and somewhat tedious. He takes a much greater
nterest, however, if he is given exercises that bring out the limitations and
%urces of error in the particular pyrometer employed. Among the prob-
le;mg that have been found stimulating to the student are: the determina-
ton of the temperature gradient in various kinds of firebricks; the tem-
Perature of decomposition of limestone; comparison of thermocouples with
Seger cones, or with “Sentinel pyrometers’’ frequently used in the heat
tfet?.tment of steel; and dehydration temperatureof clay. Thedetermina-
ton of the transformation temperatures in steels of various carbon con-
nts by the differential couple and the simple cooling curve seldom fails
0 arouse interest; it also ties the principles of metallography and py-
Mmetry together. The measurement of the temperature of molten copper
3 ladle, with and without the oxide film, simultaneously with a ther-
Bocouple, a radiation pyrometer, and optical pyrometers of the Wanner
4 Morse types, is an excellent exercise to show the effect of emissivity.

Y other problems can be devised; these are suggestions. Such cor-
fd”:ﬁon has been found to work well here and in other colleges because
lgives an opportunity to link together a n-imber of lines of study through

teaching of pyrometry.
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Some Factors Affecting the Usefulness of Base-metal
Thermocouples

BY 0. L. KOWALKE,* MADISON, WIS.
(Chicago Meeting, September, 1919)

DuriNG the last few years the use of base-metal thermocouples has
increased very considerably in various industries, due to the necessity for
more precise control of temperatures. The base-metal couple has the
advantages of being robust to a surprising degree, cheap as compared with
platinum couples, sufficiently accurate for most operations, rapid in
indicating changes in temperature, easily renewed or repaired, and of
generating a much higher electromotive force than the noble-metal
couples. There are, however, some factors, such as indicating and record-
ing instruments, the insulation on the elements, the constancy and homo-
geneity of the wires, and the resistance to oxidation in the furnace, that
limit the usefulness of the temperature-measuring device. It is the
purpose of this paper to discuss in what manner these factors affect the
usefulness of the couples.

MEASURING INSTRUMENTS

There are at present two sorts of measuring instruments in general use,
millivoltmeters and potentiometers. The deflection of the millivoltmeter
is proportional to the amount of current flowing through the movable
coil, and the amount of current flowing in the entire circuit is dependent
onthe electromotive force generated and the total resistance of the circuit.
It is obvious that the resistance of the couple will increase when heated
and, for a given temperature, the increase is roughly proportional to the
length of couple heated. In view of these changes in resistance, would a
low- or high-resistance millivoltmeter give the more accurate readings?

Let E = electromotive generated by the couple, IR = volts drop
through the millivoltmeter, Ir = volts drop through couple and the
leads to the millivoltmeter; then

E = IR + Ir.

* Professor of Chemical Engineering, University of Wisconsin.
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Assume that the resistance of the millivoltmeter R is 2 ohms, and. ’
the resistance of the couple and leads r is 0.01 ohm when 2 in. of the gg.
is heated to 1000° C., and further that when all of the effective lengﬂl*ﬁ
the couple is heated to 1000° C. the resistance of couple and leads risg
ohm. The totalresistance of the circuit may thusincrease from 2.01 Ohry
to 2.10 ohms or 4.4 per cent. ; therefore the current flowing is decreasedpm
portionately and consequently the deflection of the millivoltmeter i8 alyy
decreased. Now assume that the resistance of the millivoltmeter R 8y
ohmsand that the same changesin resistance in the couple and leads rtak
place as above. Thus the increase in total resistance of the circuit is frog
30.01 ohms to 30.10 ohms or 0.3 per cent.; the current decrease and gy
flection of the millivoltmeter will be a like amount. Thus, it is clear that
a high-resistance millivoltmeter will give readings that are less affecte
by changes of resistance due to depth of immersion than a low-resistang,
instrument.

In the potentiometer system, the electromotive force from a standay
cell is made to oppose the electromotive force generated by the couple
A galvanometer is placed in the circuit of the thermocouple in such
manner that no deflection is obtained when the electromotive force from
the standard cell or its auxiliary just balances that from the thermocouple
Thus, no current flows in the thermocouple circuit when the measurement
1s made, hence the length of the couple and its resistance due to depth of
immersion are immaterial with the potentiometer.

The reliability of the millivoltmeter depends on the permanence ¢f
the magnet, the correct adjustment for freedom of movement of the col
carrying the needle, and good electrical contacts in all the wires of the
circuit. Unless a calibration is made, there is no way of knowing how
much in error a given deflection may be. The reliability of the potent-
ometer depends on the permanence of thestandard cell. When the poten-
tiometer works, it is usually right; when it is not right, it won’t work.
The millivoltmeter is cheaper than the potentiometer; both are about
equally robust. The indicating millivoltmeter can be read without
manipulation; the indicating potentiometer must be manipulated for

balance. Both types are made recording, but the potentiometer can be
attached to more couples than the millivoltmeter.

InsuraTIiON OF TnHE WIRES

Materials such as asbestos twine covered with water glass and alw
with water glass mixed with fine carborundum, woven-asbestos tubing
porcelain tubing, and fireclay bushings have been used for the electrical
insulations of the wires of thermocouples. Obviously, a material used
for this purpose should be capable of enduring high temperatures without
breaking down, withstand a certain amount of rough handling, and no
combine with the thermocouple when hot.
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Ashestos twine. when wound closely on the wires of the couple and
gDVered with a paint containing sodium silicate makes a fair insulator.
The asbestos breaks d.own, however, when heated to 1000° C. or more for
exmﬂded periods of.tlme and thus the wires are left bare, and liable to
short cireuit. In Fig. 1 are shown some pictures of couples wound with
ashestos twine and painted with fine carborundum. After using these
couples near 1000° C. for some time, it was noticed that the iron wire B
had grown to nearly twice its original diameter and could be broken easily

Fia. 1.—COUPLES WOUND WITH ASBESTOS TWINE AND PAINTED WITH FINE
CARBORUNDUM.

in one’s fingers. The iron, asbestos, and carborundum had combined
into a friable mass; there was no free iron left. The fracture has a green-
ish purple color. Iron at high temperatures combines readily with car-
borundum and thus the couple is destroyed. The woven-ashestos tubing
breaks down readily and is not so permanent as the twine wrapped on the
wire and painted with sodium silicate.

In Fig. 2 is shown a couple with wires insulated from one another by
fireclay bushings 1 in. (25 mm.) long, about 3¢ in. (9.5 mm.) outside
diameter and 3{¢ in. (4.7 mm.) bore. These bushings are used by several
manufacturers of thermocouples and have been found very satisfactory in
this laboratory. In the illustration, a slight fluxing of the oxides on the
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wire with the bushing is noticeable on the constantan Wire
been raised to 1100° C. On nickel-chromium wires, such f
has not been observed. These bushings have shown good st
hard use; they are easily replaced when broken and they gy

which hag
qung a,ctinn

rength unde;
e Cheap'

ConsTaNCY AND HOMOGENEITY oF CoupLrg

Since the voltage generated by a couple for a given temperature j th
summation of all the electromotive forces due to the contact of two d1:
similar metal parts, the wires of the couple should be as homOgeneous
as possible if the electromotive force indicated is that generated at the hoy
junction of the two wires. 1f the wires are not homogeneous, there wy)

be set up at each junction of dissimilar metals, a voltage thatisg functioy

g I
S
Fie. 2—CoUPLES IN WHICH WIRES ARE INSULATED FROM ONE ANOTHER BY FIRECLAY
BUSHINGS.

of the temperature at that point. Should the depth of immersion of such
a couple be varied, the resultant voltage will change, even though the
temperature remains constant. It was found, after a series of tests!
made in this laboratory, that there are several couples obtainable that are
sufficiently homogeneous for those installations where an accuracy of
about 25° to 50° C. will serve the purpose.

Couples purchased from a number of prominent makers were cut to
lengths of about 18 in. (45 cm.). To each couple about 3 ft. (0.9 m.) of
flexible lamp cord was soldered, and the wires, at soldered joints as well

! Kowalke: Trans. Am. Electrochem. Soc. (1913) 24, 377.
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u all other required points, were insulated from each other. The
wuples were then calibrated, one at a time, over the range given by the
manufacturer against a standardized platinum couple. First, all couples
were calibrated with a length of 4 in. (10 cm.) heated. Second, all
wuples were calibrated with a length of 15 in. (38 cm.) heated to deter-
mine the effect and presence of heterogeneity in the wires. Third, all
wuples were subjected to a heat treatment for periods of 20 to 24 hr.
each at temperatures of 400°, 600°, and 800° C. After the treatment
st each of these temperatures each couple was calibrated singly.
Electrically heated tube furnaces were used for all the tests. One
furnace was 10 in. (25 ¢cm.) long and the other was 20 in. long, each having

1000 e e
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800 e
. Pz
g / /
L
2100 4 -
c
L
0
© 600 ///6?
v // © Firstcalibration, 4 inches heated
g' & Second calibration, [5inches heated
0 <o & Lasf calibration, IS inches heated

400,

4
300 -
10 15 20 25 30 35 40 45 50 55 60

Millivolts
F16. 3.—CALIBRATION OF COUPLE 20.

a tube about 1 in. bore. These were used for the calibrations at 4 in.
and 15 in. depth of immersion, respectively. So that all the couples could
be heated together for the treatments at 400°, 600°, and 800° C., a furnace
% in. long and having a tube 214 in. bore was used.

Asbestos disks were placed on the base-metal and the standard
touples to keep them centered in the furnace. The hot junctions of
the two couples were in contact. The temperature was raised to about
300° C. before readings were taken and then the temperature was in-
treased by intervals of 100° C. At each point the temperature was
Maintained stationary for a period of 2 min. to insure equilibrium. The
told junctions of both couples during calibration were kept at 0° C. by
‘means of an ice bath. All measurements were made on Leeds & Northrup



1756 USEFULNESS OF BASE-METAL THERMOCOUPLES

Type K potentiometers, a separate potentiometer being ugeq for eay
couple. ! '
The data on two of the couples only is presented here to

: llustrag,
how near to and how far from being h_omogeneous and constant the
couples were found to be. The composition of the wires of the Mmog

satisfactory couple, Couple No. 20, is as follows: Positive terming,

LT
99.8 per cent.; Negative terminal, Cu, 52.3 per cent., Ni, 48.0 per, %

i cent,
The composition of the wires of the couple found most unsatisfactory
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Fie. 4—CALIBRATION OF cOUPLE 18.

Couple No. 18, is: Positive terminal, Fe, 99.9 per cent.; Negative terminal,
Al, 1.14 per cent., Ni, 98.3 per cent. These data are further shown
- graphically in Figs. 3 and 4, and Table 1.

It is apparent from the graphs that couple No. 18 shows a difference
of 120° C. at 1000° C. between the immersions to 4 in. and 15 in., respec-
tively, and that the variation of electromotive force with temperature is
not uniform throughout the range. The lack of agreement of the cali-
brations with 4 in. and with 15 in. of the couple immersed is apparently
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TaBLE 1.—Data on Couples

] First Calibration, Second Calibration, Last Calibration after Third
4 In. Heated 15 In, Heated Heat Treatment at 800° C.
Degrees C. Millivolts Degrees C. Millivolts Degrees C. Millivolts
318 15.70 245 11.99 324 16.88
S 445 22.51 352 17.97 459 24.12
a 540 27.66 441 22.75 553 29.40
5 634 32.99 530 27.62 645 34.59
° 721 38.11 653 34.67 735 40.09
§' 825 44 .85 700 37.66 835 46.93
0 896 49 41 783 42.85 928 L 52.70
997 55.02 893 49 .84 980 C 5477
984 55.17 i
240 6.75 230 6.32 222 ; 6.42
330 9.09 325 8.34 330 | 8.61
) 435 10.66 428 9.49 446 9.96
® 525 11.75 516 10.38 554 11.18
S 645 13.64 621 11.76 655 12.61
(2 738 15.49 723 13.43 763 14.65
2 843 18.20 805 15.23 838 16.34
z 933 20.28 895 17.05 927 18.25
o 1026 22.19 981 18.51 1025 20.08
1109 24.16 1072 20.46 1099 21.58
1174 22.77 ‘
i

due to a lack of proper annealing of the wires for the agreement of the
second and the last calibrations is as good as that found on several other
couples. It is further apparent from the graphs for couple No. 20 that
the variation of electromotive force with temperature is regular through-
out the range and that the constancy of the couple is satisfactory. There
is a change of only 25° C. in the indications from first to last calibration.

RESISTANCE TO OXIDATION

The combination of iron with constantan for couples is one that gives
practically a “‘straight line” for the relation of electromotive force to
temperature; it also gives a higher electromotive force at a given tem-
Perature than most other combinations of wires; and it is further possible
to get these two wires remarkably homogeneous. The great disadvan-
tage of iron is its property of oxidizing rapidly at temperatures above
700° C. 1f iron were protected against oxidation by some means that
would not affect the electromotive force the usefulness of the iron-con-
slantan combination would be greatly extended. It has been shown by
W. E. Ruder? that “calorizing” iron, “which consists in producing a
—

2 Trans. Am. Electrochem. Soc. (1915) 27, 253.
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rich aluminum alloy upon the surface of the metal” practically Prevey,
oxidation below 1000° C.

One of the calorized wires used in these tests was donated },
Research Laboratory of the General Electric Co., the other calop;
wire was purchased from the Brown lnstrument Co. The uncalqy;,
iron and the constantan wires were purchased from the Leeds & N
Co. The iron wires, both calorized and uncalorized, were approgi
0.14 in. (3.5 mm.) diameter. The wire from the General Electrig ,
was straight and had a rather thin coating of calorizing; the Wire fro;;
the Brown Instrument Co. came bent double on itself and the caloriyy
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Fic. 5.—CaLBRATION OF cOUPLE 10B.

coat was heavy so that some of the alloy chipped off when the wire wa
straightened.

Three sets of couples were made: Couple No. 10B, constantan v
calorized iron (General Electric Co.), Couple No. 32B, constantan w
calorized iron (Brown Instrument Co.), Couple No. 81B, constants
vs. uncalorized iron (Leeds & Northrup Co.). Before making the couples
the wires were heated with the electric current to a bright red heat for
several minutes to remove any strains. The couples made were esth
12 in. long. For the hot junction, the wires were fused in the electrt
arc, then fireclay bushings were strung on the constantan wires, a
finally flexible copper lamp cord was soldered to each element.
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For calibrating and for heat treatments the same types of furnaces
qnd methods were used as have been previously described. The electro-
motive force measurements were made on Leeds & Northrup portable
potentiometers. The couples were calibrated as annealed, then they
were heated for 24 hr. at 200° C. and given a second calibration, then
heated again for 24 hr. at 900° C. and calibrated a third time. After
the third calibration, about 114 in. (3.8 em.) was cat from the hot-junc-
tion end of each couple and the remainder fused together again. Thus:
Couple 10C' was made from Couple 10B, Couple 32C was made from
Couple 32B, Couple 81C was made from Couple 81B. The remaining
wouples were calibrated at only three points to see whether any changes
in calibration had taken place due to changes in the wire or method

" of fusion. The results are shown in Table 2 and Figs. 5, 6, and 7.

TasLe 2.—Comparisons of Calibrations of Calorized and Uncalorized
Iron-Constantan Couples

|
i Calieation | Seiond Calraton afer | Thid Callraton aier
{ !

Degrees C. é Millivolts i Degrees C. Millivolts : Degrees C. t Millivolts

! | i f
9 | 28 142 | 30 | 148 | 3w 174
S 400 209 - 458 | 23.7 453 1 23.2
s 530 | 28.1 | 568 | 30.0 553 29.1
Z 700 ‘ 421 815 45.2 738 40.3
2 95 4.0 910 51.1 850 47.5
3 880 | 49.5 980 55.5 929 52.4
¢ 950 | 53.8 965 54.6
35 | 17.9 374 19.8 371 19.0
q 508 | 26.3 466 25.0 500 26.6
© 605 ' 323 | 572 31.1 609 32.8
% . 705 . 386 ' 680 37.5 742 41.3
o 811 45.5 769 43.0 823 46.0
2 874 49.3 834 47 .4 905 51.5
3 978 | 555 | 912 52.4 977 | 55.5

! | o973 55.9 i
279 13.9 333 16.8 320 | 16.0
3 529 203 | 439 22.8 435 | 225
i 625 35.5 561 29.9 537 | 28.0
2z 711 41.2 650 35.0 627 | 33.2
2 818 47.2 780 43.3 711 | 376
g 887 51.7 847  47.4 812 = 44.9
0 965 56.2 910 | 51.4 900 = 50.4
| . 1015  57.3

- 990 56.2 | 0 |
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TasLe 3.—Calibrations of Couples 10C, 32C, 81C.

No. 10C No. 32C No. 81C
Degrees C. Millivolts Degrees C. Millivolts Degrees C. § Millivolts
i —
406 20.4 408 21.8 485 24.9
720 39.1 735 38.5 702 | 37.2
927 52.0 949 52.9 948 ] 53.6

As shown in Fig. 2, the constantan wires E and D and the uncalorized
wire B have oxidized badly. The calorized wires A from the Brown
Instrument Co. (couple 32B) and C from the General Electric Co.
(couple 10B) have not oxidized to any extent upon being given three
wlibrations and two heat treatments. The wire C with the thin coating
was in better shape than the wire A with the thick coating, which flaked
off and developed oxidized spots. Comparison of Figs. 5 and 6 shows
that calorized iron gives the same electromotiv® force against constantan
1 the uncalorized iron and that both couples are about equally constant.

Couple No. 32B did not give such good results as Nos. 10B and 81B.
The first calibration of No. 32B shows a higher electromotive force for a
given temperature than the other couples, but after the heat treatment
8t 800° C., couple No. 32B gave a calibration that checked very well with

them. This discrepancy is probably due to insufficient annealing at
the beginning.
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Copper-Aluminum-Iron Bronze as an -
Acid-Resisting Alloy
By O. L. KOWALKE

LTHOUGH much has been written concerning cop-
per-aluminum-iron bronze for bearings, gears, ete.,
in machinery, there does not appear to be much data
available on its acid-resisting properties. In tensile
strength and ductility it ranks with mild steel; it can
be easily machined to a nice finish; it can be forged
while hot and also rolled into sheets. Sound castings
of a wide range in size can be made of it free from
shrinkage-holes or blow-holes.

A number of other alloys have been studied in the Uni-
versity of Wisconsin laboratories for their acid-resisting
properties, but most of them were rather weak me-
chanically. The satisfactory mechanical properties of
copper-aluminum-iron bronze prompted a study of the
resistance to corrosion in acids and alkalis. Commercial
bronzes were preferred over those made in the labora-
tory. Through the courtesy of the American Metal
Products Co., Milwaukee, Wiscorsin, several commercial
bronzes were obtained for these tests, but the results on
two only, Bronzes A and B, whose average compositions
and properties are given below, will be reported here.

Composition: Bronze A Bronze B
COPPer. . v e ettt 87.0 percent 85.6 per cent
Aluminum. ....... 9.8 percnt 10.81 per cent
Ironalloy......... 3.14 percent 3.57 per cent

Ultimate unit stress 74,800 lb. sq.in. 66,600 lb. sq.in.

Per cent reductioninarea................ 19.0 per cent 13.0 per cent

Per cent elongation in 2inches.......... 21.0 percent 11.5 per cent

Specific gravity....................... 71 .5

The specimens for the corrosion tests were practically
uniform in size, having dimensions approximately 1 in.
long by -0.07 in. wide by 0.07 in. thick, were finished
smooth, and had square edges. Each specimen was
stamped to identify it for composition and serial num-
ber, and its total surface was measured so as to deter-
mine the corrosion per square inch.

Most of the corrosion tests were made at room tem-
peratures, 72 deg. F. and 85 deg. F.; a few tests were
made at 194 deg. F. The regular “C.P.” acids of the
laboratory were used and made up to strengths desired
by titration methods. For the tests at room tem-
peratures the various acids were put into covered beak-
ers in amounts of 200 cc. Two specimens of bronze
were set on edge in each beaker in such manner that all
the surface was exposed to acid and that they did not
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touch each other. The specimens were removed periodi-
cally, washed in water, dried thoroughly, and then
weighed on an analytical balance. The combined loss in
weight of both specimens was then computed as loss per
square inch. For the corrosion tests at higher tem-
peratures wide-mouthed flasks were provided with rub-
ber stoppers through which were inserted glass tubes
3 ft. long, open at both ends, to serve as condensers. An
electrically heated oven kept the flasks and contents at
an average temperature of 194 deg. F. In other respects
the procedure was identical with that at room tempera-
ture. The results of the tests are given in Tables I and
II for Bronzes A and B respectively.
It will be noted in Table I that Bronze A is resistant
to several acids and particularly to sulphurie, lactic,

TABLE I—-BRONZE A

Cumulative Loss in Grams per Square Inch
Sulphuric Acid

Temperature,
— Temperature, 72 Deg. F.m——— 194 Deg. F.
Days 50 per Cent 35 per Cent 10 per Cent 35 per Cent
7 0.0125 0.0033 0.0090 0.0094
14 0.0167 0.0075 0.0178 0.0624
21 0.0212 0.0131 0.0278 0.2016
28 0.0246 0.0177 0.0365 0.2520
Hydrochloric Acid
7 L. 0.0484 oz L.
4« 0.2010 0.92¢ . ...
21 L. 0.781 vz .
2. LI
Ammonia
7 0.130 0.185 onz2 ...
14 0.350 0.435 0.19¢
21 0.531 0.640 0.413 ...
28 0.700 0.850 ... ...
Caustic Soda
7 0.0005 0.0006 0.0010 *0.0014
14 0.0006 0.0006 0.0024 *0.0014
21 0.0068 0.0013 0.0036 *0.0021
28 0.0007 0.0016 0.0055 *0.0020
Lactie Acid
7 0.0025 0.003) 0.0031 0.0130
14 0.0051 0.0062 0.0077 0.0538
21 0.0082 0.0097 0.0126 0.0980
28 0.0011 0.0132 0.0168 0.1550
Phosphoric Acid
7 0.0025 0.0040 0.0056 0.0002
14 0.0046 0.0078 0.0113 0.0004
21 00081 0.0132 0.0197 0.0083
28 0.0114 0.0181 - 0.0281 0.0395
Tartaric Acid
7 0.0009 0.0015 0.0026 0.0013
14 0.0014 0.0025 0.0044 0.0029
24 0.0022 0.0037 0.006) 0.0099
28 0.0028 0.0046 0.0077 0.0155
Acetic Acid
7 0.0081 0.0076 0.0046 0.0026
i4 00170 0.0139 0.0092 0.0083
21 0 0299 0.0243 0.0173 0.0398
28 0 0386 0.0312 0.0221 0.0713




phosphoric, tartaric, and acetic. Nitric acid attacks the
metal readily, the concentrated acid acting violently.
Hydrochloric acid and aqua ammonia both attack the
metal too readily for commercial purposes. Caustic soda
makes butlittle inroad on this metal either hot or cold;
the slight gain during corrosion at 194 deg. F. is due to
the formation of a film that was difficult to remove by
rubbing with a cloth.

Table II gives the results for Bronze B, and the strik-
ing fact is the resistance to corrosion in sulphuric acid.
By increasing the aluminum in this metal 1 per cent, the
iron alloy about 2 per cent over the proportions in
Bronze A, the resistance to corrosion is materially in-
creased, even though the average temperature was 13
deg. F. higher. Nitric acid also attacks Bronze B too
rapidly; hydrochloric acid attacks it more readily than
Bronze A. Ammonia does not cerrode this metal so
readily as Bronze A.

TABLE II—BRONZE B

Cumulative Loss in Grams per Square Inch
Sulphuric Acid
~——Temperature 85 Deg. F.

Days 50 per Cent 35 per Cent, 10 per Cent
7 0.0016 0.0020 0 0056
14 0.0016 0.0029 00072
21 0 0018 G.0035 .0095
28 h.0024 4.0044 0.0120
35 (}.0025 .0049 0.0145

Acetic Acid
7 0.0156 0.0087 0.0076
14 0.0300 0.0183 0.0154
21 0.0492 0.0302 0.0256
28 0.0689 0.0442 0.0334
35 0.1001 0.0559 0.0447
Ammonia
7 0.0144 0.0302 0.0868
14 0.1376 0.1993 U.2087
21 0.2733 0.2806 0.2237
28 0.3810 0.3406 .,
35 L. 0.379¢v L.
Caustic Soda
7 0.0015 0.0026
4 .. 0.0016 0,0045
2 0.0019 0.0059
3 L 0.0022 0.0072
35 . 0.0023 0.0078

It is interesting to note from the results below that
the corrosion in 85 per cent sulphuric acid of a forged
specimen of Bronze A is only about one-half that of the
rolled sheet and cast varieties.

CORROSION OF FORGED, ROLLED SHEET, AND CAST BRONZE A IN
SULPHURIC ACID 35 PER CENT.

Cumulative Loss in Grams per Square Inch at 72 Deg. F.

Days Forged Rolled Sheet Cast
7 0.0014 0.0034 0.0033
14 0.0028 0.0066 0.0068
21 0.0041 0.0113 00111t
28 0.0055 0.0136 0.0144

Chemical Engineering Laboratory,
University of Wisconsin,
Madison, Wis.
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LABORATORY TESTS ON THE REMOVAL OF SULPHUR
COMPOUNDS FROM CARBURETTED WATER GAS

By Erwix C. BRENNER

As read at Twentieth Annual Convention of the Wisconsin Gas
Association at Milwaukee, March 22 and 23, 1921.

This paper is presented as a final report on work done dur-
ing the scholastic year, 1919-20, in connection with the Fellow-
ship of the Wisconsin Gas Association in the Chemical En-
gineering Department of the University of Wisconsin.

The preliminary report presented at the meeting of the As-
sociation in March, 1920, gave a brief resume of the literature
on methods sulphur removal; it also gave the limitations of the
present iron oxide process and of the various other processes
proposed and in operation. With the exception of the iron
oxide process, but few of the other processes are applicable to
present day gas plant practice without extensive changes in
equipment and in operation. From a consideration of these
limitations an ideal process would be one having the following
qualifications:

(1) The process must be sufficiently elastic to cope with
big fluctuations in gas production, or large increases in the
sulphur content of the gas.

(2) The process must be applicable to both large and small
plants without considerable change in present equipment or
practice.

(3) The cost of such an installation and of its operation
must be small.

The oxide process does not deal adequately with sulphur
compounds other than hydrogen sulphide, nor does it remove
hydrogen sulphide with the same speed as a wet process. It
seemed worth while therefore to make a study of wet purifica-
tion processes after consulting with some of the officers of the
Association. This report deals with the investigation of
hypochlorites as agents for the oxidation of sulphur compounds
I carburetted water gas.

Theory. 1In the iron oxide process, the oxidation of the
principal sulphur compound found in commercial gas, namely
hydrogen sulphide, as generally accepted, takes place according
to the following equations:

Fe,0; . H,0 + 3 H,S = Fe,S, + 4 H,0 (1)

2 FeyO, . H,0 + 6 H,S = 4 Fe,S + 8 H,0 + 28 (2)



Under ordinary conditions, but small amounts of carbon
disulphide are removed from the gas by this process.

In this connection, Ritsema* calls attention to the fact that
hypochlorite solutions oxidize carbon-disulphide as follows:

(8, + KOC1 + KOH = K,S0, + K,CO, + 8 KC1+ 3 H,0 4)

This then would be oxidizing carbon-disulphide to a sulphate,
This property of potassium hypochlorite is due to its available
oxygen content, and is common to other hypochlorites, as for

example bleaching powder or so-called chloride of lime [Ca
(OCL),].

Ritsema, however, does not mention what concentration of
hypochlorite is necessary to carry out the above reaction, nor
does he mention whether the reaction will take place when car-
bon-disulphide is present in gas in but small amounts. He also
does not mention the effect of hypochlorites on hydrogen sul-
phide. Hence a laboratory investigation was made to deter-
mine whether hypochlorite solutions could be used to remove

sulphur compounds from the carburetted water gas which was
available.

Preliminary Determinations were made on pure hydrogen
sulphide, using a calcium hypo-chlorite solution (bleaching
powder), having about 3.5 grams of available chlorine per litre.
Hydrogen sulphide, generated in a Kipp apparatus by the ac-
tion of hydrochloric acid on ferrous sulphide, was bubbled
through 200 cubic centimeters of this solution in a 500 cubic
centimeter absorption bottle. Tt was found that when gas was
passed through at a rate of about 0.5 cubic foot per hour, no
hydrogen sulphide could be detected at the outlet of the bottle
with moist lead acetate paper, though the distance the gas
travelled through the solution was only two inches.

Carbon dioxide was then passed through a further quantity
the same solution to determine whether carbon dioxide will dis-
place chlorine from combination. Though pure carbon dioxide
was passed through the solution for thirty minutes at the rate
of 0.5 cubic foot per hour, no chlorine could be detected at
the outlet of the absorption flask. Hence carbon dioxide will
not displace chlorine from combination so long as the solution
is alkaline. An analvsis of the hypochlorite solution after pas-
sage of carbon dioxide showed no loss in available chlorine.

*Ritsema, Chemiker Centralbladt, 1904, ii 1495.

[RV]



HYDROGEN-SULPHIDE REMOVAL EXPERIMENTS

An investigation was then made to determine the value of
hypochlorite as a means of removing hydrogen sulphide from
a hydrogen sulphide and air mixture. In these experiments it
was decided to use a sodium hypochlorite solution in place of
the calcium hypochlorite solution of the preliminary determina-
tion. The sodium hypochlorite solution used was prepared by
electrolysing a 10% common salt (sodium chloride) solution in
a “Valhalla” cell. The hypochlorite thus obtained had as a
maximum 5.4 grams of available chlorine per litre.

A diagram of the apparatus used for this set of determina-
tions is shown below :

L (2) B (@) ) (6

( (7)

(1) 5 cu. ft. prover.

(2) Experimental gas meter.

(3) Hypochlorite absorption bottle (1 litre capacity)
(4) (3) (6) Catch bottles.

(7) Suction device.



In the first of these determinations the amount of hydrogen
sulphide in the gas was varied from 60 grains per 100 cubic to
6 percent, and the quantity of sodium hypochlorite used wag
one litre having 2.035 grams of available chlorine per litre,
It was found that for all dilutions of hydrogen sulphide, the ef.
ficiency of removal was about 95%, when using one-tenth cubic
foot of gas; but that the amount of chlorine lost by the solution
was considerably in excess of that necessary to completely oxi.
dize the hydrogen sulphide present. The rate of passage of the
gas was about 0.5 cubie foot per hour. The results thus ob.
tained are shown by the following table:

i . rai Avail. C1/L i
wo R VRS RS g pet g
I 4,100 1,230 70.1 2.035 345 83.0 9,
181 2,198 483 78.0 2.035 795 61.
I1I 1,001 80 91.2 2.035 1.140 44.05
v 380 8 98.1 2.035 1.759 13.6
v 60 2 97.0 2.035 1.761 13.5

In each of the above determinations the hypochlorite solu-
tion after passage of the gas showed a distinet cloudiness due to
precipitated sulphur. Evidently oxidation in part takes place
according to the following equation

2H,S + 0, = 2H,0 + 28 (5)

which equation, using sodium hypochlorite as an oxidizing
agent, would become

H,S + Na OCL = H,0 + NaCl + 8 (6)

An analysis of the gas after having passed through the
hypochlorite solution showed the presence of free chlorine. To
prevent this loss chlorine the hypochlorite solution was made
strongly alkaline with caustic soda and the determinations
above repeated. It was found that a hypochlorite of the same
available chlorine content, but having an alkalinity of 2 per
cent sodinm hydroxide, completely removed all hydrogen sul-
phide and prevented any escape of free chlorine. The amount
of gas passed through the train was 0.1 cubic foot at the rate
0.5 cubic foot per hour. Some sulphur was precipitated as be-
fore, but it was soon dissolved in the sodium hyvdroxide present.
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Since hydrogen sulphide is readily absorbed by concentrated
alkali, no determination of the per cent of hydrogen sulphide
removed by the hypochlorite was possible. Alkali of the above
concentration will also remove a great part of the carbon
dioxide contained in the gas, and hence make an absorbent of
this kind valueless as a gas-purifying material where the
amount of carbon dioxide is high. Hence a number of determ-
minations were made using a hypochlorite of varyving alkali
content. At the same time the amount of carbon dioxide re-
moved by the alkali from a hydrogen sulphide. carbon dioxide
and air mixture, was determined. The results obtained are
shown by the following data:

Det. Gm. NaOH Per L. 9, CO, Before % COg After 9, CO, Removed Rate of Flow

1 10.2 6.32 2.66 58, Seu. ft, hr,
2 8.85 6.32 3.73 41, D eu. tt, hr.
3 7.25 6.32 4.86 23. D oen. ft. hr.
4 6.32 6.32 5.51 13. b eu. £t hr.
5 5.85 6.32 .74 9.1 D ew. ft. hr.
6 417 6.32 5.98 4.3 Do ft hr,
7 2.07 6.32 6.24 1.2 Do £t hr.

To determine the ratio of available chlorine consumed to
hydrogen sulphide removed, a determination was made begin-
ning with one litre of hypochlorite solution and passing a
hydrogen sulphide, carbon dioxide and air mixture through it.
At intervals, 25 cubic centimeter samples were removed from
the absorbent and analyzed for available chlorine and alkali
content. The percent carbon dioxide absorbed by the alkali
was also noted. The results of the determinations are shown
by the following table:



Cm, Gm. Ol | g or | Gm. | Gm. Gas to Absorbent | G, 1| agmsined Rt | 7 of Rateof | of sb-
%Ha 8. | per 100 |95 C Oy | available| rc, | Na OFL | Na O B | e | 5 ta | abaoried | ou:ft. | sorbeat
Cu.ft.1 Gr. Ha8) g, sumed | == Hy § | Cl. used per hour

A 2953 | 181 5.68 | 2.845 | 2.845 | 10.25 | 10.25 | .3 0351 | .866 | 2.626 | .219 | .105 334 } 35.5 72 1000
B 2953 | 181 5.68 | 2.626 | 2.580 9.84 9.59 | .2 0234 | 578 | 2.494 | 086 | .0413 56.6 .82 975
C 2953 | 181 5.68 | 2.5658 | 2.43 9.76 9.28 | 3 .03505{ .867 | 2.32 A1 05629 66.3 65. 72 950
D | .2953 | 181 5.68 | 2.44 2.259 9.58 8.86 | .3 03505/ .867 | 2.075 | .184 | .0884 39.7 1.51 925
E 2953 | 181 5.68 | 2.245 | 2.020 9.1 8.19 | 3 .03505| .867 | 1.825 | .195 | .0937 37.4 46 1.02 900
F 390 245.6 . 5.4 1.935 ( 1.645 8.84 751 .3 0462 | 824 | 1.507 | .138 | .0665 69.5 58.5 945 850
G .390 2456 | 5.4 1.771 | 1.462 8.57 7.06 | .3 .0462 | 824 | 1.427 | .035 | .01683| 275.0 1.30 825
H | .390 245.6 | 5.4 1.73 1.383 8.32 6.65 | .3 0462 | .824 | 1.092 | .291 | .140 33 33.8 1.07 800
1 .390 2456 | 5.4 1.365 | 1.059 7.66 594 | 3 0462 | .824 .890 | .149 | .0717 64.5 25.6 1.63 775
J .390 245.6 | 5.4 1.15 862 7.65 5.74 | .35 .0539 | .961 .626 | .236 | .1136 47.5 1.51 750
K | .390 2456 | 5.4 835 605 7.39 535 .3 0462 | .824 412 | 193 | .0929 49.8 i 1.00 725
L .390 2456 | 5.4 569 .398 6.44 4.5 0462 | .824 227 | 171 | 0823 56.1 155 2.0 700
M | .390 245.6 | 5.4 3245 .219 6.48 4.37 0462 | .824 .048 | 171 | .0823 56.1 11.9 1.63 675
N .390 2456 | 5.4 0706/ .0459] 5.94 3.86 | .193 | .0297 | .530 .0459| .0221 1.7 650




The column labeled “Hydrogen sulphide equivalent to
grams of chlorine” was calculated on the basis of the reaction:

H,S + NaO Cl = Na Cl + H,0 + 8 (7)

and hence the values of this column also enter into the calcula-
tion of the column labeled “‘ratio of

H,S absorbed ”
H,S equivalent to chlorine consumed.

The results of this determination hence show that more
chlorine is consumed than is combined with the hydrogen sul-
phide of equation. (7)

Conclusion: The results in general of this series of determi-
nations show:

(1)That sodium hypochlorite in aqueous dilutions as low
as 0706 grams of available chlorine per litre are capable of
completely removing hydrogen sulphide in a gas by bubbling it
through but three inches of the liquid.

(2)That a loss of chlorine by the hypochlorite solution can
be prevented by making the solution slightly alkaline, without
removing a large part of the carbon dioxide of the gas.

(3) That some of the sulphur as hydrogen sulphide is oxid-
ized to sulphate.



FIXED SULPHUR REMOVAL EXPERIMENTS

The other investigation made was to determine the value of
hypochlorite solutions as a means of removing carbon disul-
phide and other fixed sulphur compounds remaining in car-
buretted water gas after removing hydrogen sulphide. Sodium
hypochlorite solutions like those used in the previous experi-
ments was used. A diagram of the apparatus first used in these
experiments is shown below:

(10) © ©® @

1 @) ) @)

] ©) ©)

(1

(1) . 5 cu. ft. prover.

(2) Catch bottle for H,S.

(3) Experimental gas meter.

(+)  Hypochlorite absorption bottle.

(5) (9) Bureau of Standards* Design for total sulphur determination
(10) Suction device.

*Standard Methods of Gas Testing. U. S. Bureau of Standards — Circular No. 48, Page 134.
<



The first determination of fixed sulphur compounds absorp-
tion by sodium hypochlorite were made by passing Carbureted
Water Gas through a sodium hypochlorite solution having 27.9
grams of available chlorine per litre and 10.02 grams of sodium
hydroxide per litre. The results of this experiment are sum-
marized as follows:

Fixed sulphur compounds before absorption

12.0 Gr. 100 cu. ft.
Fixed sulphur compounds after absorption

11.0 Gr. 100 cu. ft.
Per cent sulphur removed.................. .. 8.3%

Available chlorine before absorption..2.79 Gm. per L.
Available chlorine after absorption...2.66 Gm. per 1.

Gas thru absorbent.................... .. 2.30 cu. ft.
Rate of flow........................... .. 0.5 cu. ft.
Gas analyzed......... 2 cu. ft. for each determination

Since not all sulphur remaining in municipal gas after
hydrogen sulphide has been removed is present as carbon disul-

phide, this result cannot be accepted as representing the ef-
ficiency of carbon disulphide removal.

Hence the next determination made was on a gas high in
carbon disulphide, to determine the value of sodium hypochlorite
for removing carbon disulphide. To do this carbon disulphide

gas was added to city gas as it comes from the mains. The re-
sults of this are summarized as follows:

Carbon disulphide and fixed sulphur compounds in
gas before absorption.......... 844 Gr. 100 cu. ft.

Carbon disulphide and fixed sulphur compounds in
gas after absorption.......... 762 Gr. 100 cu. ft.

Percent sulphur compounds removed. .......... 9.7%
Available chlorine before absorption...1.5 Gm. C1/I,
Available chlorine after absorption.. .93 Gm. Cl/L

Gas thru absorbent...................... 1.6 cu. ft.
Rateof flow......................... .5 en. ft. hr.
Gas for analysis. .... 1.2 cu. ft. for each determination

An attempt to improve this efficiency of absorption was
made by using a hypochlorite solution of higher available clor-
e content, and by using this solution at a temperature of
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about 100° C. The following results were obtained under con.
ditions indicated:

Carbon disulphide + fixed sulphur compounds of gas

before absorption............. 359 Gr. 100 cu. ft,
Carbon disulphide + fixed sulphur compounds of gas
after absorption ............. 280 Gr. 100 cu. ft.
Per cent sulphur removed...................... 22%

Available chlorine before absorption

45.7 Gm. 100 cu. ft,
Available chlorine after absorption 37.2 Gm. 100 cu. ft,
Gas thru absorbent.................... 980 cu. ft
Rate of low of gas................. 41 cu. ft. hr,
Volume of gas analyzed after absorption. .960 cu. ft.
Volume of gas analyzed before absorption .980 cu. ft.

In a further attempt to improve this efficiency some catalytic
materials were added under substantially the same conditions
as above. The amount in each case as about 15 grams per litre
of solution. The effect on the efficiency of sulphur removal of
each of the substances is:

Sodium hypochlorite of 3 grams available chlorine and
10 grams sodium hydroxide per litre in the cold

without eatalyst............... ... ... ... 17.0%
The same at 100° C.................... ... 9.64 %
Cold + nickel oxide (NigOs)................. 18.0%
Cold + zinc oxide (ZNO)............... .. ... 16.7%
Cold + iron oxide (Fe,O4)..... ... .. .. 17.9%

The results thus obtained show a fairly constant percent of
sulphur removal without appreciable increase due to the pres-
ence of catalytic materials. Hot hypochlorite solution, how-
ever, gave much poorer efficiencies than those obtained in the
cold,—a fact confirmed by subsequent determinations. Evidently
then the increased efficiency obtained when a hot and concen-
trated solution was used, was due to the higher available chlo-

rine content of the solution and not to the increase in tempera-
ture of absorption.

To determine what effect a more intimate contact of gas
and absorbent would have on the efficiency of removal, a volume
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of gas was passed repeatedly through a cold hypochlorite solu-
tion. The result is summarized as follows:

Carbon disulphide and fixed sulphur compounds in the
gas before absorption......... 536 Gr. 100 cu. ft.
Carbon disulphide and fixed sulphur compounds in
the gas after absorption....... 347 Gr. 100 cu. ft
Percent sulphur removed 35.25%
Gas passed thru solution

................... 7 times
Rate of passage of gas................. 1.0 cu. ft. hr.
Available chlorine before absorption. ... .. 3.61 Gm/L
Available chlorine after absorption........ 1.3 Gm/L
Volume of gas for sulphur analysis before

absorption ................... ... 710 cu. ft.
Volume of gas for sulphur analysis after

absorption ....................... 587 cu. ft.

Frowm the results of this determination it follows that the
amount of sulphur compounds (principally carbon disulphide)
absorbed, is directly dependent on the intimacy of contact be-
tween the gas and the absorbent.

To obtain a more intimate contact of gas and absorbent
than was possible with the apparatus used up to this time, the
gas was washed by passing it through a series of three absorp-
tion towers. The towers were packed with pebbles and ar-
ranged in cascade; the liquor flowing over the pebbles counter
current to the flow of gas. The gas by this arrangement passed
up a column of packing 27 inches high and 2 inches in diameter.
The conditions existing and the results obtained using a con-
centrated and a weak absorbent are summarized as follows:

Weak Concentrated
Carbon disulphide + fixed sulphur
in gas before absorption.78.2 78.2 Gr. 100

Carbon disulphide + fixed sulphur
in gas after absorption..60.3 56.0

Percent sulphur removed....23% 28.5%
Volume of gas passed through

1.564 1.534 cu. ft.
...... .67 .6 cu ft. hr.
11

Rate of passage of gas



Weak Concentrated
Available chlorine per litre before

absorption ........... 0470 3.082 Gm.
Available chlorine per litre after

absorption ........... 0407 2.860 Gm.
Grams chlorine removed... .319 B5T

Volume of absorbent used 3700 cc. 2500 ce.
Rate of flow of absorbent 7.5 L/hr. 8.2 L/hr.

Temperature of absorption 72° F. 72° F.
Volume of Gas for sulphur

analysis ........ .80 cu. ft. 80 cu. ft.
Grams NaGH per litre..... .318 685

A determination to check these results using a hypochlorite
having 2.863 grams of available chlorine per litre and .320 grams
of sodium hydroxide per litre under substantially the same
conditions as the two above determinations, but using a rate
of passage of gas of 0.5 cu. ft. per hour, gave an efficiency of
removal of 30.44% of the sulphur compounds. The results of
this and previous determinations show:

(1) That the removal of carbon disulphide and fixed
sulphur compounds by sodium hypochlorite solution
varies directly as the efficiency of the serubbing device.

(2) That under these conditions, a reasonable
variation in the amount of hypochlorite in the solution
has but little effect on the amount of sulphur removed.

Using the tower gas-washing apparatus, a second determina-
tion was made on Madison city-gas to determine the amount of
fixed sulphur compounds removable. The following is a sum-
mary of the conditions and the results:

Fixed sulphur compounds in the gas before scrubbing
10.01 Gr. 100 cu. ft.

Fixed sulphur compounds in the gas after scrubbing
54 Gr. 100 cu. ft.

Percent sulphur removed......... ... ... .. .. .. 46%
Volume of gas passed through......... .. .. 4.2 cu. ft.
Rate of passage of gas........... ... 864 cu. ft. hr.
Available chlorine before absorption. .. .. .86 Gm/L
Available chlorine after absorption. .. .. 575 Gm./L

12



........................ 4 litres
.................... 6 L/hr.
Amount of chlorine consumed............ 1.14 grams

Grams sodium hydroxide per litre...... 234 grams

Volume of gas used for sulphur analysis before ab-
sorption ........... ... ... ...l 30796 cu. ft
Volume of gas used for sulphur analysis after absorp-
tion ............ U 3 3 B 2 1 T A
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THE GAS INDUSTRY, A GOOD CUSTOMER OF THE
UNIVERSITY
Pror. O. L. KowaLkr, CHEMICAL EXGINEERING DEPT.,
UNIVERSITY oF VWISCONSIN

As read at the Twentieth Annual Convention of the Wisconsin Gas
Association at Milwaukee, March 22 and 23, 1921.

It is unusual that you are asked to consider an educational
problem. But the problem is one in which you are vitally in-
terested ; it concerns your employment of a product from the
University. You are now a good customer and it is necessary
that you continue to be so. To retain your patromage, satis-
factory service must be rendered; you must know the capacity
of the product ; your confidence and good will must be retained.

To aid in the presentation of this topic certain analogies will
be suggested between the gas industry and the University.
Your business is sometimes called a public utility. Utility is
synonymous with service; so you give a public service. What
would justify a University if it were not public service?

The gas industry and the University each have a technical
staff. In the University the function of the staff is to train
Young men for engineering and industrial service. Your raw
naterials now come to you from variable sources, and it is not
always known how best to treat them, though they may obey
certain well-known laws of chemistry, physics, and mathemat-
ics. The University also draws on many sources for young men
of variable capacity and previous training and the technical
staff is not always able to meet requirements in the matter of
standards because the laws governing the workings of the

uman mind are not perfectly understood. Some companies are
managed more successfully than others; some instructors are
more successful than others in the training of young men.

Your sales and complaint departments are complementary.
The first sells the product to your consumer; the second gives
the customer an opportunity to express dissatisfaction with
the commodity sold or service rendered, but at the same time
Strives to retain his good will. In a like manner the Univer-
Sity after disposihg its product among the industries, strives,
through its representatives, to determine whether the service
rendered by the young men is satisfactory. This is one of the



opportunities which the University seeks for a discussion pe.
garding inadequacies in its technical training. A frank expres.
sion of opinion is therefore invited. .

You get new business through advertisments, demonstrs.
tions, and personal solicitation. You believe that the bettep
the prospective customer understands what he can do with your
product, the more likely he is to buy your commodity. “mTpe
University publishes a general catalog and bulletins regardin
special courses; it may also make personal explanations regard-
ing specific advantages offered.

This opportunity is therefore taken to speak specificall
about the training offered for chemical engineers, which, it ig
believed, is particularly suited for the gas industry today. The
training is not that of a chemist; it is more along the lines of
engineering than of chemistry. It is intended that the student
shall be able to make a chemical analysis, but not that he be
only an analyst in chemistry. ~Besides liberal instruction in
theoretical chemistry the student is also required to take the
basic courses in drawing, mathematics, physies, mechanies, and
machine design that are required in the curricula for mechan.
ical and electrical engineering.

The follpwing tabulation of the curriculum in chemical en-
gineering is self-explanatory.

First Year

First Semester _ Second Semester
General Chemistry...... 3 credits General Chemistry...... 3 credits
Drawing ............ .3 credits Drawing .............. 3 credits
English ............... 3 credits English ............... 3 credits
Mathematics ..... Lo.. D credits Mathematics ........... 5 credits
Shop work ............ 2 credits Shop work ............ 2 credits
Second Year
Mathematics ........... 4 credits Mathematics ........... 4 credits
Physics ............... 5 credits Physms. """""""" 5 credits
Mechanies ............. 5 credits
Machine Design ........4 credits

‘Gas & Fuel Analysis...2 credits
Engineering Materials...2 credits

Third Year

Quant. Chem. Analysis. .5 credits

Organic Chemistry ..... 3 credits Organic Chemistry..... 3 credits
Steam and Gas Engineer- Steam and Gas Engineer-
ing ...........Ll. .3 credits g ..vevniiilt 5 credits
Mechanics ............. 5 credits Descriptive Geometry w8 credfts
M. tall h 3 di Electrical Engineering...2 credits
ClallOgrapy ......... credits Chemical Machinery ...2 credits
Pyrometry ............ 2 credits Strength of Materials...2 credits
Electives .............. 3 credits KElectives .............. 3 credits
Summer work in ‘Chemical Engineering. .. ..... 5 weeks
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Fourth Yeur

Flectrical Engineering. .4 credits

o I " - Machine Design........3 credits
Physical Chemistry.....3 credits e o s
Electrochemistry .......5 credits Contracts ............. = credits
Industrial Chemistry ..3 credits Industrial Organ. Chem. 2 credits
Thermochem. Calcula- 2 credit Thermochem. Calcula-

tions ......... seereeeo Credits tions ...v.ii il 2 credits
Steam and Gas Engineer- . . .

IDZ oo s 1 credit Special problems.. .. ....4 credits
Electives . ............. 2 credits Electives ..... veene oD ocredits

In the elective courses opportunity and encouragement are
given for the sudent to broaden his vision and interests, e
is encouraged to study economics, business methods, English,
history, and the like. Among the electives, he may choose a
course in gas manufacture and distribution. In this course the
fundamental principles of chemistry, physics, and mechanics
are emphasized as applied'to the carbonization of coal and oil,
heat conduction. refractory materials, and the distribution of

gas. The technique of this industry can best be learned in the
plant.

You have repeatedly employed the graduate in chemical en-
gineering, hence you are a good customer. Customer is synony-
mous with patron. But a patron is defined as one who sup-
ports; one who helps a cause, a work. You have done more
than support; you have given liberally from vour funds to es-
tablish a Fellowship in Gas Engineering in the Department of

Chemical Engineering. Thus vou have a vital interest in this
matter of training young men.

The question may well be asked, “Why did this Association
establish the Fellowship?” Two reasons may be suggested;
first, to obtain information of value to the Association, second,
to train men for subsequent employment in the industryv. Up
to this time the chairman of the Chemical Engineering Depart-
ment chose and nominated to the Board of Regents the most
promising candidate for the Fellowship. The chairman also
took the initiative in the choice of problem, but consulted with
the President of this Association and other members. Informal
discussions have been held as the work progressed, and the final

reports have been presented at the annual meetings of this As-
Sociation.

. The following suggestions are offered for your consideration
In order to obtain better results and greater interest on the part
of students in the gas industry. Because the men hitherto ap-
Pointed to the Fellowship have had neither knowledge of the
problem to be studied nor practical experience in the gas busi-
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ness, considerable time had to be spent by each Fellow to be.
come familiar with his problem. There should be some way in
which the student could become more familiar with the prae
tices in the gas industry before beginning work on his problem,

During the summer following the junior year, the student in
chemical engineering is required to work at the University
eight hours each day for a period of five weeks in a laboratory
course in chemical manufacture. This is a most favorable op-
portunity to observe the ability and initiative shown by the
student.

It is proposed to select from this group three or more men
of proper personality and good records as students to take tem-
porary summer employment in your plants, that is, from about
the middle of July to the middle of September. During this
time the men are under your supervision. Reports on such
summer work will be required of the student, reports from your
executives to the chairman of the chemical engineering depart-
ment regarding the record made by the student would be highly
desirable. By the end of the senior year it would be possible to
make a choice for the Fellowship from those who have shown
aptitude for the work. During the summer following the fourth
vear the student should have the opportunity again of working
in a gas plant <o that he may become more familiar with the
problem he is to study during the coming scholastic vear.

It is hoped that this proposal will provoke some discussion
and that suggestions will result from it. This is a matter in
which you are vitaly interested and your views are earnestly
sought. The Chemical Engineering staff desires to give an ac-

count of its stewardship of the patronage which you have s¢
generously extended.



A paper presemted at the Thirty-seventh

General Meeting of the American Elec-
trochemical Society, in Boston, April 8,

1920, President Bancroft in the Chair.

PHYSICAL CHARACTERISTICS OF SPECIALIZED REFRACTORIES.!

By M. L. HarTMANN? aND O. A. Houcen.?

ABSTRACT.

Comparative tests of the resistances of twelve different kinds
of refractory bricks to rapid cooling by an air blast after heating
to 1350° C. This was repeated up to ten treatments with nine
bricks, while three were completely disintegrated at the seventh,
fourth and third treatment. The percentage loss of weight is
stated, which varied from 0.3 percent with bonded carborundum
(carbofrax C) to 100 percent with the last three samples.

[J. W. R]

ParT I.—Sparrine Losses.

Most refractory bricks when subjected to sudden changes of
temperature or to excessive strain at high temperatures break and
shell off in various ways and in different amounts. This effect
is noted particularly when only one face of a brick is heated.
In the arches of furnaces, a pinching effect often takes place due
to sudden changes in temperature which results in disrupting the
brick. Such action may cause complete destruction of a furnace.
This disrupting action is commonly known as spalling. Almost
all refractories exhibit spalling, the different materials showing
wide variation in the magnitude of this effect.

Spalling is due chiefly to three causes:

(a) Expansion or contraction of individual grains due to tem-
perature changes.

(b) Change of crystalline structure.
(c) Chemical reactions within the structure.

! Manuscript received March 3, 1920. This and the following paper record the
results of portions of general investigation aiming to contribute some definite and
accurate information concerning the physical properties of special refractory bricks as
tompared with the more common fireclay refractories.

-3 Research Laboratory, Carborundum Co., Niagara Falls.
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Magnesia and silica refractories show excessive spatling logses
in practice. Spalling of magnesia brick is due chiefly to the con-
version of “A” Magnesia to the “B” form,*. In silica brick,
spalling is due chiefly to the conversion of quartz to tridymite and
cristobalite.® Fire bricks usually contract upon heating, due
mainty to the closing of pores by the fusion or sintering Jf por-
tions of the bond rather than to any crystallographic conversion.

Spalling has usually been reported in general terms as the
result of actual furnace operation. No figures showing actual
comparison of the spalling of different bricks under the same
conditions are available in the literature. To obtain comparable
results in commercial installations would be exceedingly expensive
and time consuming, and hence a more rapid test is needed for
procuring comparable data.

Some previous work has beén done on this by Nesbitt and Bell®
The bricks to be tested were heated at 1350° C. for one hour in
the doorway of a furnace, with one end flush with the interior
wall. They were then removed and cooled rapidly by immersion
of the heated end to a depth of 4 inches in a fixed amount of
water for three minutes. This operation was repeated ten times
for each brick, and the final results reported in percentage loss
(by weight) of material which had broken off.

Nesbitt and Bell also tried the method of rapidly cooling in a
blast of air, but adopted the water quenching method because it

seemed to give more rapid cooling and consequently the spalling
effect was augmented.

However, there are many objections to the quenching method
as a general method: (1) It is applicable only to fireclay bricks.
(2) In practice, bricks are never subjected to similar treatment.
(3) The water has a disruptive action on porous bricks by seeping
into the pores and forming steam. (4) Water at 1300° C. reacts
chemically with some materials ; this is especially noticeable with
magnesia and carborundum bricks.

¢J. W. Mellor, Trans. Eng. Ceramic Soc. (1917), 16, 85-100.

(19'119)). W. Ross, “Silica Refractories,” U. S, Bureau of Standards, Technologic Paper

¢ Chem. & Met. Eng. (1916), 15, 210; Proc. Am, Soc. Test. Mat, (1916), 16, 350.
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Revised Air-Blast Method.

Preliminary tests showed that almost as severe results were
obtained by the air-blast as by the quenching method. For ex-
ample, the average spalling loss on Grade B fireclay by water
quenching was 79 percent and by the air-blast method it was 65
percent. The quenching method used was identical with that of
Nesbitt and Bell.

The air-blast method finally adopted for our work was as fol-
lows: The bricks to be tested were thoroughly dried at 110° C,
weighed and heated in the openings of the front wall of a spectally
designed oil-fired furnace, with ends flush with the inside walls.

The furnace construction is shown in Fig. 1. The front wall
was constructed of recrystallized carborundum bricks, with twelve
openings 234 in. x 434 in. (7 cm. x 12 cm.) in which the bricks
under test were inserted with the end flush with inner wall of
the furnace. This allowed only one end of the brick to be heated.
The use of a neutral highly refractory brick as a support prevents
sticking of the brick under test. Freedom from sticking is very
important, because when the bricks under test adhere to the fur-
nace bricks large pieces of the somewhat weakened test brick may
be broken loose by the force required to pull the brick from the
furnace. The front wall was insulated with firebrick to prevent
excessive heat losses. When the temperature of the furnace
reached 1350° C. the bricks were inserted in the openings of the
wall, and each brick left in the furnace for one hour. Fach brick
was then taken out and set on the cold end with the hot end
exposed to an air blast for 15 minutes. This operation was
repeated ten times for each brick. The blast was supplied by a
34-in. (2 cm.) hose delivering air at the rate of about 27 cubic
feet (0.76 cu. m.) per minute. This amount of air apparently
produced nearly as rapid cooling as quenching in water. Exami-
nations of the bricks were made at the end of each cooling, to
detect the developments of checks, cracks or spalling. At the end
of the final cooling all particles which could be easily broken off
by the fingers were removed. The bricks were weighed and the
percentage loss caleulated from the original weight.

The behavior of the various bricks during test considered in
order of their resistance to spalling are given below. In making
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comparisons it must be borne in mind that while the percentage
weight of material broken off by spalling is important, the manner
of spalling and the final condition of the brick after the test must
be considered.

(1) Bonded carborundum brick (Carbofrax C). The spalling
was negligible, the slight loss of 0.3 percent being due to abrasion
in handling. These bricks contain about 95 percent carborundum,
Very faint check lines were visible while the bricks were hot, but
there were no visible cracks after the final cooling. (See Fig. 2)

(2) Bonded carborundum brick (Carbofrax A). The losses
by spalling usually occur by the breaking off of large pieces. This
was more or less irregular, a few bricks showing high spalling
and others showing practically no spalling. Small check lines
were visible on the bricks after the test. The average percentage
spalling of nine bricks was six percent. (Fig. 3.)

(3) Bonded carborundum bricks (Carbofrax B), containing
about 90 percent silicon carbide gave an average spalling loss of
8 percent. The losses occurred usually in large pieces, although

there was also some spalling in small fragments. The bricks
were badly checked after the test. (Fig. 4.)

(4) Grade A fireclay bricks (apparent density 1.78) wvery
coarse in texture, gave a spalling loss of 9 percent. Spalling was
uniform. It did not becur by large pieces shelling off but rather
in the separate crumbling off of the coarse grains. Some fine
check lines were visible in the bricks after testing. (Fig. 5.)

(5) Recrystallized carborundum bricks (Refrax). These bricks
are composed entirely of carborundum, held together by the inter-
growth of crystals. No bonding material is used. The average
spalling loss amounted to 12 percent. The spalling occurred
in the form of medium-sized pieces. Most of the spalling occurred
during the first few coolings. Only a few short cracks were
visible after the test. (Fig. 6.)

(6) Bauxite bricks, of a well-known make, coarse in texture
(apparent density 1.91) gave an average of 43 percent spalling
loss. These bricks showed a very peculiar and unaccountable
behavior, practically the whole loss occurring at the fifth heating,

little spalling occurring either before or after. Fine check lines
were visible after the test.



Fic. 1. Furnace Front used in Spalling Tests,

Fic. 2. Carbofrax ““C” Dricks After Test.



Fi1c. 3. Carbofrax “A” Bricks After Test.

Fic. 4. Carbofrax “B” Dricks After Test.

Fic. 5. Grade “A” Fireclay Bricks After Test.



Fic. 6. Recrystallized Carborundum Bricks After Test,

Fic. 7. Natural Zirconia Bricks After Test.

Fic. 8. Grade “B” Fireclay Dricks After Test.



~r
w
=

10 11 12

Fic. 9. Comparative Average Spalling Loss of Refractory Bricks.

1. Carbofrax “C.” 2, Carbofrax “A.” 3. Carbofrax “B.” 4. Grade “A” Fireclay.
5. Recrystallized Carborundum. 6. Bauxite. 7. Zirconia (natural). 8. Grade “B”
Fireclay. 9. Grade “C” Fireclay. 10. Chrome. 11. Silica. 12. Magnesia.
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(7) Zirconia bricks, made of commercial natural zirconia, and
containing approximately 80 percent zirconium oxide. Average
spalling loss amounted to 53 percent. Many large cracks devel-
oped and large pieces broke off during the test. The spalling
and cracking was about equal in all of the bricks tested. (Fig.7.)

(8) Grade “B” fireclay bricks (apparent density 2.04). This
variety has a close-grained texture. The bricks had an average
spalling loss of 65 percent. There were large variations in the
results, as shown by Fig. 8.

(9) Grade “C” fireclay bricks (apparent density 2.09), of very
dense, close-grained texture, showed a spalling loss of 90 percent.

(10) Chrome bricks (apparent density 2.83), of standard make,
coarse grained, were completely shattered at the end of the 7th
cooling. Compared with other kinds of bricks which stood up
through the ten heats, this is equivalent to a spalling of 155
percent. The pieces of bricks became very soft, and could be
easily broken.

(11) Silica bricks (apparent density 1.66) of lime-bonded
standard make, gave very excessive spalling, being complete at
the end of the 3d and 4th cooling, equivalent to 225 percent on the
basis of ten coolings.

(12) Magnesia bricks (apparent density 2.27), a dense fine-
grained brick of standard make. These bricks exhibited complete
spalling at the end of the 3d cooling, equivalent to 375 percent
on the basis of ten coolings. They became very soft and fragile
at 1350° C., making them very difficult to handle without breaking.

CONCLUSIONS.

The results of all tests are summarized in the following table
and comparative results shown graphically in Fig. 9.

Percent

1. Bonded Carborundum (Carbofrax C)... 0.3 at end of 10th cooling
2. Bonded Carborundum (Carbofrax A)... 6 at end of 10th cooling
3. Bonded Carborundum (Carbofrax B)... 8 at end of 10th cooling
4. Grade A Fireclay.........cocvvvvvnn.... at end of 10th cooling

9
5. Recrystallized Carborundum (Refrax)... 12 at end of 10th cooling
. Bauxite

AUXItE ... 43  at end of 10th cooling
. Zirconia (natural) ....................:. 53 at end of 10th cooling
8. Grade B Fireclay........................ 65 at end of 10th cooling
9. Grade C Fireclay........ocouvveennnn.n. 90 at end of 10th cooling
10. Chrome ....... . .. .. . 100 at end of 7th cooling
Silica ... 100 at end of 4th cooling
12. Magnesia ............. ... ... 100 at end of 3rd cooling
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In general, coarse-grained bricks and bricks of high poresity
show least spalling losses.

Withaut exception, all bricks show some checking when sub-
jected to sudden cooling. These check lines are always visible
during the first coaling, subsequent coolings render these check-
ings more visible and usually they develop into cracks and spal-
lings. In the case of carborundum bricks checking is usully
visible only when hot.

All bricks lose their sound, metallic ring after quenching or air-
cooling.

Fram five to ten bricks were used in each test. These were
purchased in the open market and undoubtedly do not give abso-
lute results for the various types of refractories. The genersl
order of magnitude of spalling is probably correct, however, and
inasmuch as no results of similar tests have been previously pub-
lished, these preliminary results may be of value.

Research Laboratory, The Carborundum Company,
Niagara Falls, N. Y., February 15, 1920.
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ABSTRACT.

A record of tests on the corrosion of iron by sulphuric acid in
the absence or presence of various salts of copper and silver.
The conclusion drawn is that in' general corrosion is stimulated
by the presence of these salts. The theory of this action is dis-
cussed. A remarkable example of electrochemical corrosion in
sea-water is given. [J. W. R]

There is a time-honored belief, quite generally held by those
who have studied corrosion, that the addition of a copper or a
silver salt accelerates the corrosion of iron by sulphuric acid.
This acceleration is supposed to take place in two ways: First,
the metal of the dissolved salt is replaced by iron, thus causing
direct corrosion of the latter ; second, the copper or silver pre-
cipitated on the surface of the iron sets up a voltaic couple with
the iron as anode and the other metal as cathode, and if the dis-
charge potential of hydrogen on the new cathode is less than on
iron, as is the case with copper and silver, corrosion is stimulated.

In a detailed paper on the solution of metals by acids presented
at the 38th meeting of this Society in October last, W. D. Richard-
Son reported the results of experiments on the corrosion of iron
by normal sulphuric and hydrochloric acids, with and without the
addition of salts of copper and silver. Speaking of this voltaic
or “catalytic action,” as he calls it, of silver salts, he says, “No
Noticeable effect was produced on any of the metals tried in

:Manuscript received February 26, 1921.
.Ass.oc. Prof. Chem Eng., University of Wisconsin.
niversity of Wisconsin,
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hydrochloric or sulphuric acids.” Regarding the action of copper
salts he says, “The copper was added in the form of chloride,
sulphate and nitrate to the respective acids, 10 grams of metallic
copper being present per 100 liters of acid. In hydrochloric ang
sulphuric acid none of the iron plates showed any change of rate”
Further he says, “According to the older view of the electrolytic
theory, copper in contact with pure iron ought to catalyze posi-
tively in non-oxidizing acids, but this is not the case. Its effect
on the purer metals is negligible, nor does it affect the cast metals
appreciably in non-oxidizing acids.” Unfortunately the implied
newer view of the electrolytic theory, according to which copper
and silver salts should exert no accelerative effect on the corro-
sion of iron by acids does not appear in the paper, and the reader
is left to wonder what this can be.

Test L.
In N.H,SO, with Addition of CuSO,. _
: Loss in Grams by Corrosion X )

No. Material 1 C(\:‘x;i?tser ) Total ‘ By Catalysis Ratégsrits:{)[x‘:ud
— o
L. Copper steel ....... ! 0 00635 | ... | ...
2. “ “oo. 2.5 0.7517 0.2486 392
3. “ ‘o 0.1 0.1348 0.0538 0.85
4. Ordinary steel..... 0 55074 | ... 0 L.
5. “ o 25 © 59947 0.0477 0.008
6. “ “oo. : 0.1 ‘ 5.5886 0.0637 0011

Having previously conducted a few experiments on the effect
of copper sulphate on the corrosion of iron by sulphuric acid, the
authors could not accept the above statements as representing the
facts, and therefore the experiments reported below were carried
out.

The materials used for corrosion were ordinary sheet iron
(probably a mild steel) purchased at a local hardware store,
copper steel supposed to contain about 0.25 percent of copper, and
Armco iron. The test pieces, 5 cm. square, were pickled in pure
sulphuric acid to remove scale, dried, weighed, and immersed in
an upright position in 200 c.c. of acid at 30° C. for 24 hours. A
sufficient quantity of copper sulphate or silver carbonate was in
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some cases added to give either 2.5 or 0.1 grams of metal per liter.
The latter amount was that used by Mr. Richardson. The loss by
yoltaic or catalytic action is calculated by deducting from the total
loss in weight the amount of iron that should be dissolved by the
metallic salt added, and also the loss caused by the acid alone in
the same test.

It is seen that with the larger amount of copper voltaic action
is nearly four times the direct corrosion by the acid, but with the
smaller quantity of copper voltaic action is somewhat less than
corrosion of the copper steel by the acid. With ordinary steel
voltaic action is about the same for either amount of copper, and
although this is about the same in amount as for the copper steel,
it plays an utterly insignificant part in the total corrosion, because
of the tremendous corrosion by the acid.

Test II.
In N.H,SO, with Addition of Ag,CO,.

Loss in Grams by Corrosion . .
No  Material | ATAmE : — [Ratlo Cat. /Acid
[ Total By Catalysis sion
7. Copper steel .... 0 01001 | ..... | ...
“ “oL. 2.5 0.3696 0.0111 0.11
9 “ “ 0.1 04311 0.3207 3.2
10. “ “ 0.01 0.2751 0.1733 1.73
11, Ordmary steel 0 I 56545 | ..., | ...
12 0.1 | 5.5677 —0.1043 —0.018
13. “ “ 0..01 ' 5.5764 —0.0798 —0.014

The figures of Test II apparently indicate less action by the large
amount of silver salt than by either of the lesser quantities. This
anomaly is explained by the observation that specimen No. 8 was
surrounded by a spongy deposit of silver an eighth of an inch
thick. This served as a diaphragm and retarded the diffusion of
acid to the steel. With ordinary steel the presence of a silver
salt diminished corrosion—probably by lessening the surface of
steel directly exposed to the acid.

With the lessened rate of corrosion due to more dilute ac1d

although the loss by voltaic action is but slightly changed, it is
relatively more important.
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Test III.

Loss in Grams by Corrosion Ratio C
. G Ratio Cat./Acid
No. Material Cu%uiltse . Total By Catalysis Corrosian
16. Copper steel .... 002% | ..... cee
17. «“ “oL. 2.5 0.5802 0.1110 375
18. “ “ 0.1 0.1307 0.0936 “3.16
19, “ “o . 0.01 0.0576 0.0263 0.89
20. Ordinary steel.. .. 0 00669 | .....
21, “ “oL. 25 0.5904 0.0839 1.25
22. “ “ 0.1 0.1234 0.0390 0.58
23. “ “ 0.01 0.1030 0..0344 0.51
Test IV.
In N/50.H,SO, with Addition of Ag,CO,.
“ G Loss in Grams by Corrosion c .
. : rams
No. Material ‘ Ag./Liter Total ' By Catalysis fRati: g::?:?dd
_, - :
26. Copper steel ....i 0. 00420 ... -
27. «“ . 0.1 0.1119 0.0515 120
28. “ “oLL. 0.01 01025 | 0.0579 1.35
29. Armco iron ....: 0 00234 | ..... ceen
30 o« o« 0.1 01072 |  0.0663 283
31. “ “o 0.01 00622 | 0.0371 1.59
32. Ordinary steel....: 0 00828 | ... .
33. «“ “ oL 01 0.118¢ | 00177 | 021
34. “ «“ 0.01 0.1130 | 0.0285 ! 0.34
Test V.
In N/50.H,S0, with Addition of CuSO,.
G Loss in Grams by Corrosion Ratio Cat./Acid
H rams . i
No. Material Cu/Liter Total By Catalysis aé%rrzsion
35. Copper steel .... 0 008726 |  ..... eeet
36. “ oL 0 00903 | ..... cees
37. “ “ 0.1 0.2932 0.1867 210
38, “ “ 0.1 02732 0.1667 1.87
39. Armco iron 0 00603 | ..... ceed
40. “ “ 0 00680 | ..... cees
41, “ “ 0.1 0.2461 0.1645 2.57
42, “ ‘L 0.1 02869 0.2053 320
43. Ordinary steel.. .. 0 . 17340 | ..., ceee
44. Stove-pipe iron.. 0 17948 | ...,
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Tests IV and V show voltaic action on the more resistant metals
to be from 1 to 3 times the amount of corrosion by the acid.
The corrosion of duplicate specimens in test V varies by 3 per-
cent for copper steel in acid alone and by 11 percent in the pres-
ence of copper sulphate; similar variations for Armeco iron are
7 and 16 percent. These wide variations indicate that great cau-
tion must be exercised in ascribing observed differences in corro-’
sion to the presence or absence of some metal in the alloy or to
the presence of some particular chemical in the electrolyte. Asa

Fic. 1.

whole these experiments indicate that voltaic action by
copper and silver does stimulate the corro-
sion of iron and mild steel by acids, particularly
in the case of the more resistant materials.

Electrochemists recognize that the relative position of two
metals in the electrochemical series does not entirely determine
the magnitude of voltaic corrosion, but that this is affected by the
extent of surface of the cathode, by the-discharge potential of
hydrogen on the cathode, by the presence or absence of oxygen:
to act as a depolarizer, by the resistivity of the electrolyte, by
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the formation of protective films on the anode, etc. Yet the djf-
ference of potential between the metals is the fundamental cayse
of corrosion, and the other conditions are merely modifiers of
its action. That ignorance of the serious effects of voltaic action
and incorrect conclusions drawn from faulty experiments may
have disastrous results is shown by the sad fate of the “mone]
metal yacht,” Sea Call. The outside of this big schooner was
made of monel, a nickel-copper alloy, with the exception of the
stem, keel, sternpost and rudder frame, which were steel. Fig. 1
shows what happened. This is a photograph of the contact be-
tween a monel plate and the after side of the steel rudder frame.
In three months afloat holes were eaten entirely through the steel,
three-quarters of an inch thick, and it was apparent that this
would soon have been entirely destroyed. Other exposed steel
parts were similarly affected; the vessel was condemned as un-
seaworthy and was broken up without having made a single voy-
age. An important factor in this remarkable case of corrosion was
the enormous size of the cathode (monel) in comparison with the
anode (steel). The hydrogen, plated out on the monel by the
dissolving of the steel, was distributed over such a great surface,
and so much dissolved air was present that polarization by hydro-
gen must have been almost entirely prevented. As a result, the
initial E. M. F. of the couple was available for producing current,
which is rarely the case with accidentally-occurring couples.
This $500,000 experiment in corrosion should serve as a warn-
ing of the seriousness of long-continued voltaic action in a good
electrolyte, and it should be recognized that electrochemical theory
affords a better basis for predicting what will occur when a voltaic
couple of two particular metals is exposed to sea water for months,

than do laboratory experiments of a few hours, or even days,
duration.

Chemical Engineering Laboratories,
University of Wisconsin.

DISCUSSION.

W. D. Ricuaroson?: This paper has for consideration some
work that I did and reported to this Society at its last meeting.
* Chief Chemist and' Chem. Engr., Swift & Co., Chicago, I
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Certain experiments that I made showed that copper, when pres-
ent to the extent of one-tenth of a gram of metal per liter of acid,
did not accelerate the solution of certain samples of iron and
steel in hydrochloric and sulphuric acid. The authors of this
paper have reported experiments which show that in some cases
copper and also silver does accelerate the action, but I should like
to call attention to the point that in some of their experiments they
show no accelerated action, particularly those shown on pages
156 and 157, the last two figures in the last column in each case.
In one of these instances, the amount of copper used was the
same as the amount I use, and in another case the amount was two
and one-half times as great, and yet they report no essential change
of rate to action of the copper, which is exactly what I reported.

In other instances they do find increased action. Naturally, I do
not want to go on record as believing that in no case can copper
accelerate corrosion, but I think we should consider the fact that
copper does behave with a most peculiar manner in connection
with corrosion, and this is shown by the effect of copper in copper
steel, for instance. Again I conducted experiments in which I
added the same amount of copper to normal nitric acid, and in this
acid not only did copper not increase the rate of corrosion, but it
decreased it very materially, almost one-third. It acted in a
negative manner when present in a normal oxidizing acid, whereas,
in my experiments, it did not change the rate in a non-oxidizing
acid, and I suggested that possibly there was some connection
between the behavior of copper in connection with an oxidizing
acid and its behavior in copper steel under oxidizing conditions,
that is, atmospheric conditions. The authors of this paper appar-
ently take exception to the fact that it speaks of catalytic action
in these cases, and they suggest, by inference, at least, that I
should say voltaic action. I have no objection to that at all, except
that in the paper which they are considering, I also considered the
effect of formaldehyde in connection with these acids; and some-
times formaldehyde acts as a negative catalyst, and sometimes it
does not change the rate. Now I wanted to call all these things by
one name, and since catalytic action is the phrase which cloaks our
ignorance, under these conditions I called it catalysis. 'The authors
also apparently took exception to the statement as follows: (I am
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quoting my own words) “According to the older view of the
electrolytic theory, copper in contact with pure iron ought to
catalyze positively in non-oxidizing acids.” These authors then
remark, “Unfortunately the implied newer view of the electrolytic
theory, according to which copper and silver salts should exert no
accelerating effect on the corrosion of iron by acids does not
appear in the paper, and the reader is left to wonder what this
can be.”

I did not mean to imply any new view according to which cop-
per and silver salts should exert no accelerative effect. I wish,
and I have often wished, in the course of my experiments, that
these things would behave according to theory, it would simplify
our work. Matters do not occur according to the simple idea or the
simple conception of the electrolytic theory of corrosion as ad-
vanced in the early days, and that is what I meant when I spoke of
the older view of it. The recent view, and it is coming more and
more into prominence, is that while this older view of a simple
electrolytic theory is at the basis of all corrosion phenomena, there
are so many modifying, upsetting and antagonizing influences that
it does not take a straight course as we might expect if we had no
further knowledge of it. Let me call your attention to one upset-
ting influence, rust, which I have emphasized over and over -again,
may accelerate, in a general way, the corrosion of iron. If it
forms a closely adherent layer of the physical nature of a paint
film over the entire surface, it may stop corrosion by preventing
the access of water or oxygen, and if it is tightly adherent in
patches, it may cause deep pitting. Now here we have the same
general influence acting in different ways, in all instances upset-
ting the ordinary action of the corrosive substances and elements.

I believe we have another influence to contend with which may
act in different and perhaps antagonistic ways, namely, oxygen.
We know that oxygen is the chief disturbing influence in ordinary
corrosion; it is the principal substance which causes corrosion to
go in some other way than we might expect from the simple
theory. We know that the corrosion of  iron goes on at prac-
tically the zero rate in the absence of oxygen and in the presence
of water, and we know it may go on very rapidly in the presence
of pure oxygen and less rapidly in air. We know, too, that the
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influence of oxygen or an oxidizing agent on the surface of iron
may be such as to produce the passive condition, and when this
condition supervenes, the iron behaves as monel metal and there
is no corrosion at all. I have been led to suspect by some phe-
nomenon, that I have mentioned in an earlier paper in connection
with some work on cast iron, that a modified passivity may super-
vene in instances where we have not suspected it. I do not know
that this theory explains it, but in the case of cast iron we have
some very peculiar rust-resisting properties, and it may be that
under certain conditions the iron coupled with graphitic carbon
and under oxidizing conditions may assume, temporarily at least,
or from time to time, or intermittently, a passive condition which
may stop the corrosion. In discussion with Dr. Burgess last
evening on the subject of copper steel, I spoke with him about the
experiments which I had made, adding copper to normal nitric
acid, with the result that the corrosion rate was lower, and he
suggested that possibly in that case passivity was induced. I
then spoke to him about the effect of graphitic carbon on cast
iron, and it may be that in the case of the copper steel, we have
an induced passivity, or partial passivity, or intermittent passivity,
which may account for the action of the copper in that instance.
I think none of us can afford to be at all dogmatic in our discus-
sions of corrosion, and particularly when we are dealing with a
metal like copper of proved peculiar behavior.

CorLin G. FINk®: The general condition of our corrosion re-
search today is not very inviting. Reports cannot readily be com-
pared, as methods of investigation are so different. The investi-
gator usually has to start out to prove a definite thing, and he
Must carry out his experiments along a certain line. He must
prove that his company’s product is good. Now if the tests do
not fit into this formula, they are either not carried out or not

published.

W. D. Ricuarpson: I want to say a word in regard to the
differences between hydrochloric acid and sulphuric acid. We
regard them both as non-oxidizing acids. If any one will
refer to my paper, “The Gap Between Theory and Practice in the

’Consulting Electrometallurgist, So. Yonkers, N. Y.
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Production of Corrosion-Resisting Iron and Steel,” and later
papers, he will find that in some experiments I made I used
sulphuric acid in connection with aluminum plates ; with Duriron
plates, it was shown that sulphuric acid behaves very similar to
nitric acid. In other words, sulphuric acid seems to be able to act
as though there were no oxygen influences present. We cannot
set up passivity in the presence of an alkali; we can set it up in the
presence of an acid.

J. A. AurpirLe®: 1 would like to call attention to the fact that
very often conclusions are drawn from insufficient data, and in
this paper “the materials used for corrosion tests were ordinary
sheet iron, probably a mild steel, purchased at a local hardware
store, copper steel supposed to contain about 0.25 percent of
copper and Armco iron.” No analyses are given; therefore I do
not believe the conclusions are justified from the information at
hand.

Our researches seem to check Mr. Richardson’s that the con-
tact of copper has considerable influence on the rate of corrosion,
retarding it in one instance and increasing it in another. The
photograph on page 159 is very interesting. The authors have
called attention to the great difference in the size of the electrode,
the electro negative metal, steel, being extremely small, while the
electro positive monel metal was extremely large. This is a very

important point and undoubtedly has considerable influence on
the rate of corrosion. '

G. W. CoccrsrarL® (Communicated) : The authors show by
their tabulated results that what they called voltaic action by
copper and silver salts does stimulate the corrosion of iron and
mild steel by acids. Their tables also show more definitely, how-
ever, another point. In the N/50 solution of H,SO,, as shown
in tests IV and V, the plain acid without addition gave a corrosion
loss on commercially pure iron of 0.02 and 0.06 grams. The
corrosion loss for copper steel in the same acid shows respectively
0.04 and 0.088 grams loss, which is respectively 40 and 100

percent greater for the copper steel. Furthermore, the total cor-
~ rosion loss with the addition of silver and copper salts in no case

2 Chief Chemist, American Rolling Mill Co., Middletown, O. ’
* Chemical Engineer, The Institute of Industrial Research, Washington, D. C.
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is as great with the commercially pure iron as with the copper
steel. These results were obtained with dilute sulphuric acid
about 0.10 percent strength.

O. P. Warrs (Communicated) : Mr. Richardson says, “In some
of their experiments they show no accelerated action,” referring
particularly to specimens 5, 6, 12 and 13.

In discussing 5 and 6 the authors had already pointed out in
the paragraph immediately preceding Test II, that, where cor-
rosion by the acid alone is very great, the accelerative action of
the copper salt is but an insignificant part of the total corrosion,
although the amount of corrosion by voltaic action is approxi-
mately the same as with the more dilute acid, but in a 11 cases
where corrosion by the acid was slow, either because of its dilu-
tion, or because of the resistant nature of the metal, the accelera-
tive effect of the copper or silver salt is unmistakably apparent.

Taken at their face value, Nos. 12 and 13 would seem to indi-
cate that in normal sulphuric acid silver exerts a protective effect
on ordinary low-carbon sheet steel; but this is contrary to its
effect in all other cases. Where corrosion of iron by the acid is
very rapid, the time during which voltaic action by the silver can
take place must be limited, for the silver deposited must soon be
undermined by solution of the iron, and, once detached, cannot
again be deposited, for it is not appreciably attacked by the acid.
The conditions for securing a reliable conclusion regarding voltaic
action in the case of specimens 5, 6, 12 and 13 are then very un-
favorable, and when specimens 12 and 13 run counter to experi-
ence with the 27 other specimens, it is probably best to register
a verdict of “not proven” for these two.

Mr. Aupperle says that he does not believe the authors’ conclu-
sions are justified because no analyses are given. The conclusion
stated in the sentence which ends immediately below Fig. 1, could
perhaps be improved by inserting the adjective “commercial”
before iron, so that it would read, “Voltaic action by copper and
silver does stimulate corrosion of commercial iron and mild steel
by sulphuric acid.” While insertion of analyses of the three
different materials tested would have added to the completeness of
the paper, a knowledge of the exact composition of the particular
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sheets of Armco iron or of Keystone copper steel can in no way
alter the facts regarding the effect of a copper salt on their cor-
rosion in sulphuric acid.

A comparison of the losses of specimens 38 and 42 shows that
Mr. Coggeshall’s sweeping statement that “the total corrosion loss
with the addition of silver and copper salts in no case is as great
with the commercially pure iron as with the copper steel,”’ is not
warranted.
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PRINCIPLES OF ALLOYING TO RESIST CORROSION.'

By OuLiver P. Warrs.?

ABSTRACT.

A plea for intelligent use of metallography and metallurgical
principles in attempts to find non-corrodible alloys. The general
principle is laid down that the less corrodible alloys are either
metallic compounds of simple chemical formula (which are apt,
however, to lack malleability) or solid solutions of the more re-
sistant metals in each other. The protective action of small
amounts of one metal in another is described; an interesting test
proving the protective action of copper in steel is given.—

[J. W.R.]

In recent years much attention has been given to the production
of alloys designed to resist atmospheric and chemical corrosion.
Some of the better-known products of this nature are tantiron,
duriron, copper steel, stainless steel, monel metal and nichrome.
In view of our knowledge of the chemical properties of the ele-
ments and the light which metallography has given us regarding the
nature and constitution of alloys, it is surprising that the prin-
ciples of alloying for protection have not already been clearly and
fully set forth in the extensive literature devoted to the corrosion
and protection of metals. This, however, does not appear to be
the case. The new corrosion-resisting alloys seem to have been
discovered entirely by trial, without any general principle to guide
in the selection of the element or elements to be added to the metal
which it is desired to render more resistant to corrosion.

It is not sufficient to add to the metal to be protected some other
metal which is very resistant to corrosion, for instead of pro-

! Manuscript received February 15, 1921.

* Associate Professor, Chem. Eng., University of Wisconsin.
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tecting, the addition frequently accelerates corrosion. This was
shown a century ago by the experiments of Stodart and Faraday
in alloying several metals of the platinum group with steel. They
say, “If two pieces, one of steel, and one of steel alloyed with
platinum, be immersed in weak sulphuric acid, the alloy will be
immediately acted upon with great rapidity and the evolution of
much gas, and will shortly be dissolved, whilst the steel will be
scarcely at all affected. In this case, it is hardly possible to com-
pare the strength of the two actions. If the gas be collected from
the alloy and from the steel for equal intervals of time, the first
portion will surpass the second some hundreds of times.”

It is easy to make a corrosion-resisting alloy from two metals
which themselves are highly resistant, such as the noble metals,
but the real problem is to take a cheap metal and add to it a small
or a moderate amount of some other element that will render the
resulting alloy resistant. Theoretical considerations would lead
to the conclusion that of all the possible forms in which two
elements alloy, the chemical compound will prove most resistant
to attack. The truth of this is seen in the work of Moissan and
his students in the making of new silicides and borides. He
formed the desired compound in an excess of metal, which by
boiling with acids was dissolved, leaving behind the chemical
compound. But these same experiments show that it will not do
to have both free metal and compound present in the alloy if it is
to resist corrosion; the alloy must be all compound. For many
uses of corrosion-resisting materials, malleability, or at least
freedom from marked brittleness, is a necessity ; but the brittle-
ness of all ordinary chemical compounds is one of their most
general characteristics, and the compounds formed between two
metals are no exception to the universality of this rule. The use
of alloys which are wholly compounds must be confined to places
where brittleness is not fatal to their employment.

The protective effect of additions of copper and of nickel to
iron has been known for several years. In secking a reason for
the protective effect of copper and nickel, in contrast to the accel-
erative effect of alloying platinum with iron, the writer found from
published articles that both copper* and nickel form with iron,

3 Trans. Royal Soc., 1822, 262.
¢ Trans, Am. Electrochem. Soc. (1912), 21, 338,
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within the limits in which their addition is beneficial, solid solu-
tions, 1. ¢., homogeneous substances in which neither metal can be
detected by the microscope. Duriron, tantiron, etc., are iron-
silicort alloys which contain about 15 percent of silicon. These are
solid solutions, and exhibit remarkable resistance to corrosion.
Monel metal, the natural alloy of nickel and copper, has found
extensive application on account of its unusual resistance to cor-
rosion by various chemicals ; this also is a solid solution. One of
the most important of the recent non-corrosive iron alloys 1is
stainless steel, which is an alloy of iron with about 13 percent. of

Fic. 1. Stainless Steel, Annealed—Magnitied 100 Times.

chromium and 0.3 percent of carbon. - Tammann and Trietsche®
state that iron and chromium form a series of solid solutions, and
the photograph of stainless steel shown in Fig. 1, for which the
writer is indebted to E. D. Fahlberg, shows that the presence of a
small percent of carbon does not alter this. ;

A consideration of the five corrosion-resisting alloys mentioned
above leads to the conclusion that to increase the
resistance to corrosion of any metal
there should be alloyed with it another
metal which is more resistant to Corro-

& Zeit, anorg. Chem.. 55, 402.
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sion, and which forms a solid solutiog
with the metal whose resistance to corro-
sion it is desired to enhance.

That only a trace of the alloying element can produce remarka-
ble effects is shown by “copper-steel.” Two pieces, each 5 cm,
square and of the same thickness, one of ordinary steel and the
other containing about 0.25 percent of copper, were placed in
200 cc. of normal sulphuric acid for 20 hours at 30° C. The
former lost 5.507 grams and was nearly all dissolved, but the lat-
ter lost only 0.063 gram in weight.

A test which the writer has found very useful for quickly dis-
tinguishing highly resistant alloys of iron is immersion for a
couple of minutes in a strong and slightly acidified solution of
copper sulphate. Only the most resistant alloys, such as duriron
and stainless steel, fail to acquire a deposit of copper.

If the alloy specialist must have ductility in his alloy he is ad-
vised to experiment with metals more resistant to corrosion than
the basic metal which he proposes to use, i. e., metals below it in
the electrochemical series in those electrolytes against whose at-
tacks he desires it to be immune, and which form a solid solution
with the basic metal. If brittleness is no detriment, he can
hardly do better for resistance to acid solutions than to test
various silicides of the metals.

Department of Chemical Engineering,
University of Wisconsin.

DISCUSSION.

H. S. Rawpoon’: I had a question I wanted to ask Mr.
Watts if he had been here concerning the micrograph shown
on page 255. He states that it is stainless steel. Ordinarily
we understand by that term steel of 13 percent chromium. He
says “Tammann and Trietsche state that iron and chromjum form
a series of solid solutions.” Recently we had occasion to
examine practically all the commercial types of stainless steel,
and all the chromium steels showed large amounts of carbide,

! Physicist, Bureau of Standards, Washington, D, C.
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in fact, a prominent feature of the structure is the carbide
of chromium and iron. The steels that are high in nickel are
of the type of solid solution shown here in this Figure 1, and
I was wondering if he had had this sample analyzed so that
he knew exactly whether he was dealing with chromium steel
or a high nickel steel. I am rather of the opinion he had a high
nickel steel and did not know that he was working that type of
material.

D. M. STrRicKLAND®: I believe the author has presented
thoughts which are of some value and should be considered when
preparing rust resisting alloys. I have obtained certain of the
alloys mentioned and have used them in work under my own
observation, and the results of these tests show that I am not
able to substantiate all the claims that Mr. Watts makes for his
alloys. On page 255 his general conclusion is, that to increase
the corrosion resistance of any metal, there should be alloyed
with it in the form of a solid solution another metal which is
more resistant to corrosion. He bases this conclusion on one
experiment and one alloy. I took this same alloy and immersed
samples in solutions other than the sulphuric acid mentioned,
and obtained results which do not corroborate his statements.
I believe Mr. Watts has not presented sufficient investigational
data to warrant his comprehensive conclusions.

Time does not permit the presentation of a discussion which
Thave prepared, but when it is published in the Transactions you
will find that the data submitted show that the alloy, the same
as used by Mr. Watts, does not always conform to his own
conclusion. (See below).

Henry Hess*: Now, one matter indirectly raised is very far-
reaching, it touches on the making of steel in a very important
phase. With relatively few exceptions, new alloys are the result
of cut-and-try methods rather than of logical developments; it
is, therefore, entirely pertinent to ask for any guide or literature
on the substances that will form solid solutions. If there is
such a thing in existence I do not know it. If there is no such
guide, the statement of the author regarding the formation of

*American Rolling Mill Co., Middletown, Ohio.
‘?hiladelphia, Pa.
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solid alloys leaves each man to make his cut-and-try experiments
as heretofore; there is, therefore, no value in that general state.
ment to the steel maker. At the same time, if Mr. Watts or
any other member present can contribute something along that
line, he will contribute something that is really valuable to the
industry, whether the contributing member is a university man
or a man out of the industry, is a matter of indifference;
undoubtedly, if the university man can contribute that thing,
he will be doing a great deal for the standing that will be
accorded to the university by the industry generally.

J. W. Ricaarps*: To answer one of the points brought up
by Mr. Hess, in Landoldt and Bérnstein’s Table (last edition),
for instance, are given the fusing points, curves and the com-
position of a large number of binary alloys, not many tertiary
alloys, and in these you would find some indication of which
metals form solid solutions. In the books on metallography, such
as Hoyt’s or Gina’s, there is more or less information in the
diagrams as to which metals form solid solutions with others.
In Bullen’s book on steel there is considerable information about
the relations of the other elements to steel, which form solid
solutions and which do not.

Wn. M. Corse®: Before leaving this question of corrosion
I should like to make a practical suggestion. It would be a very
good idea if this Society expressed its interest in the subject of
corrosion by asking the Division of Research Extension to work
on this very interesting and valuable subject; and I would, there-
fore, move, if it meets with the approval of ‘the chairman, that the
Electrochemical Society at this meeting suggest to the National
Research Council, through its Division of Research Extension,

that the topic of corrosion be considered as an active and prac-
tical subject. S el

Couin G. Fink: It is needless to say that the Society will
gladly support a movement of this kind. The matter will be
handled through the regular channels at the next Directors’ meet-
ing. I should like to summarize the various points that have

4 Prof. of Metallurgy, Lehigh University, Bethlehem, Pa,
¢ Gen. Mgr., Monel Metal Products Corp., Bayonne, N. J.
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been brought out in this symposium in order that some of you,
who have a hazy idea of what has been said, might get a clearer
perspective.  First of all, this symposium has emphasized that
iron or steel containing about a quarter of one percent copper
will withstand atmospheric corrosion better than iron or steel
without. copper. Secondly, iron and steel containing about a quar-
ter of one percent copper, when completely immersed in ordinary
tap water or slightly acidulated water, does not resist corrosion
as well as pure iron does. Thirdly, in boiler practice and in hot-
water systems, the presence of oxygen greatly accelerates corro-
sion, and the removal of oxygen from the boiler water practically
eliminates corrosion. I think that point is pretty well estab-
lished. Fourthly, similar to oxygen, carbon dioxide in boiler
water derived from soluble iron bicarbonate, increases corrosion,
and its removal practically eliminates corrosion.

Now as to the corrosion resistant alloys: All elements, such
as chromium, silicon, nickel, etc., added to iron, tend to reduce
corrosion, but detailed investi ations are lacking. We are really
just at the very beginning of hat line of research. The corro-
sion of alloys is becoming of i\ ‘reasing importance, and although
great progress has been made in recent years, the satisfactory
co-ordination of results is lacking. So much for the points brought
out in the symposium. As to suggestions for the future: First,
we need more careful, more thorough investigation of the sur-
face film, e. g., determination of physical and chemical proper-
ties of this film; also, its composition. The paper by Shepard
is a highly interesting one. He talks about the corrosion of lead
and yet he never mentions that surface film that is so highly
important. It reminds me very much of a chemist who was
supposed to -make an analysis of a road-bed. You know how
many of our automobile roads are constructed nowadays. There
is the thin asphalt surface, and underneath that a layer of con-
crete, and then your broken stone under that. The chemist takes
2 drilled sample and he reports so much lime, and so much
silica. 'What do we care about the lime and silica? You would
not be able to estimate the life of your automobile tires on that
road from that chemist’s analysis. You would want to know
more about the asphalt “film,” its physical properties, thickness,
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_hardness, etc. First of all, then, there is the question of the
composition of the surface film; secondly, the porosity of that
film.. Practically nothing has been said during the symposiym
about the porosity. Time and again we have hinted at it, but
there are no investigations published, no careful investigations,
which deal with the porosity of the film. Thirdly, there is the
tenacity of the film, the power of the film to adhere to the
underlying metal and of the film to hold together without crack.
ing or peeling. The film may be plastic like rubber, or it may be
discontinuous as though it were composed of so'many grains of
sand; the elastic and the discontinuous film may be of identical
composition, and yet entirely different in their protective action,
Then, fourthly, there is the micro-structure of the metal, and of
the surface of that metal directly underneath the surface film,
We need more papers along this line. We need also papers on
the mechanical and chemical treatment of metal alloys and the
effect of such treatment on the surface film and underlying
metal, i. e., the metal directl y underneath the film. A clear
illustration of this point: a link of the Newburyport bridge was
rolled out into sheets and then we were told that these sheets
would not stand up as well as the links have stood up for so
many years. And why? Because you have produced an
entirely different film! Simply because the metal is the same
as that of the links, does not prove that { e resistance to cor-
rosion will be the same. We also need a better classification
of the corrosion phenomena. We ought to derine the limits, we
ought to be more specific when we talk about atmospheric cor-
rosion, whether we are talking about an atmosphere free from
acid fumes or an atmosphere which is practically dry all the
year around. Then, when we talk about immersion tests, we
want to be pretty careful in defining what acids and what
strengths and what temperatures we used. Now, finally, we
ought to decide upon a standard measure of corrosion. We have
one gentleman who reports in ounces per square foot and forgets
all about the time element, Another, reports loss in grams per .
square foot, which is a bad combination of French and English
systems. We must decide upon one uniform measure of corro-
sion, and the one I would like to propose and have mentioned
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before, is the milligram per square centimeter per year unit. If
that isn’t considered satisfactory let us determine upon some
other so that when we record our results let us do so in the
same conventional standard in order that we may readily com-
pile and compare results.

W. D. RicHARDSON?: May I ask, in order to add a bit of
clarity to this compilation, if, in the term “surface film,” he
intends to include the film or absence of the film concerned in
passivity ?

Coin G. Fink: Yes, indeed. Take the case of aluminum
metal; we know so little about its film. Dr. Bancroft refers to
a case of amalgamation and how the metal all goes to pieces;

he knows that the thing does occur, but he does not know why
it occurs.

E. A. RicHArDsON® (Communicated): While Dr. Watts’
conclusion that “to increase the resistance to corrosion of any
metal there should be alloyed with it another metal which is
more resistant to corrosion and which forms a solid solution
with the metal whose resistance to corrosion it is desired to
enhance,” may be true in many cases, yet in general the problem
of corrosion resistance is not so easily solved as the above state-
ment might infer.

For instance, the following examples are contrary to Dr.
Watts’ conclusion: Silicon forms a solid solution with iron
and is also more resistant to atmospheric corrosion, yet when
alloyed with commercially pure iron, at least up to 4.5 percent,
materially decreases its resistance to atmospheric corrosion. The
same is true of arsenic and tin when alloyed with commercially
pure iron and exposed to atmospheric corrosion.

It is interesting to note that the three elements named above
all increase the grain size of iron, yet Dr. Watts’ conclusion
makes no mention of grain size. While his conclusion applies
in a general way to corrosion problems, it does not apply rigidly
to all cases.

D. M. SrrickrLanND (Communicated): Mr. Watts has pre-
sented in this paper many thoughts which should be considered

. "Chief Chemist, Swift & Co., Chicago, Ill. .
* Chemist, National Lamp Works of General Electric Co., Cleveland, Ohio.
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when preparing corrosion-resisting alloys. Certain of his con-
clusions, however, aré open to question. I take exception to his
theory that increased corrosion resistance ‘properties are added
to a metal when alloyed in solid solution with a more resistant
metal. He uses as proof for this assertion, results obtained
when copper steel is immersed in normal sulphuric acid. This
conclusion does not hold true for all types of metals and for ||
conditions of -corrosion. Experiments in which we also used
copper steel fail to verify this conclusion. For example, use
another acid reaction. Metallic copper is almost insoluble in
concentrated hydrochloric acid. One would assume from Mr.
Watts’ statement: that iron, which we find to dissolve seven times
as rapidly as metallic copper, would be more resistant if alloyed
with copper. Dr. Cushman® has shown that this is not the case,
We have conducted experiments using concentrated (38 percent)
hydrochloric acid, in which copper iron containing 0.20 percent
copper lost five times as much weight as pure iron, while copper
steel lost ten times more than pure iron.

We have conducted experiments which show that the weight
loss of copper iron is eight times the weight loss of pure iron
when test pieces are subjected to the “action of concentrated
nitric acid. Metallic copper dissolves in this acid very rapidly,
a 26-gauge sheet 2 x 3 inches dissolves in 2 minutes,

Metallic copper is but slightly attacked when immersed in a
solution of aluminum sulphate. According to the author, copper
steel should be more resistant under such test conditions than
pure iron. Such is not the case. We have repeatedly obtained
results which conclusively establish the marked resistivity of
pure iron over copper iron, and copper steel when immersed in
aluminum sulphate solutions.

Metallic copper loses 50 to 100 times as much weight as iron
when both are subjected to the action of concentrated ammonia.
Perhaps Mr. Watts believes that in this instance, since copper
is the less resistant, the more pure iron you add to the copper
the more resistant it becomes, and as the iron content increases
and the copper decreases you approach a more and more resistant

? Anomalies Encountered in a Study of Immersion Tests of Iron and Steel. A. S.
Cushman and G. W, Coggeshall, Am. Electrochem. Soc., 1921, 39, 81

» .



PRINCIPLES OF ALLOYING TO RESIST CORROSION. 263

alloy. We are able to substantiate such a belief, as our experi-
ments have shown that copper steel and irons lost 3 to 4 times
as much weight as pure iron when test pieces were subjected
to such alkaline condition. - »
- Mr. Watts bases his claim on a single experiment, and only
supports his assertion by the results obtained on the action of
copper steel when immersed in sulphuric acid. I have shown
that his chosen alloy, copper steel, does not in all instances
yield corrosion results which verify his own conclusion. The
author presents no constructive experimental data concerning
the corrosion resistance of aluminum steel alloys, nickel steel
alloys, or chromium steel alloys. Since conflicting and contra-
dictory results are obtained using copper steel, no doubt it will
be found that other alloys do not conform to the author’s theory.
Obviously, Mr. Watts’ conclusion is too broad and is not
adequately supported by investigational data.

O. P. Warrs (Communicated): As indicated by its title, the
paper under discussion is an attempt to state general principles
to serve as a guide in the selection of elements to be alloyed
with a given metal for the purpose of producing a corrosion-
resisting alloy. The principles stated are based, not on the
author’s own experiments, but on a consideration of the con-
stitution of the more important corrosion-resisting alloys now in
use. The author’s view of the importance of the solid solution
in alloying to resist corrosion originated several years ago in
the attempt to find for his own satisfaction an explanation of
the resistance to corrosion imparted to iron by the addition of
copper or nickel, electro-negative metals which might, therefore,
be expected to accelerate rather than retard corrosion. At that
time the number of resistant alloys which were known to be
solid solutions were too few to justify the presentation of this
view to the public. Even now its acceptance is perhaps a mat-
ter of faith rather than evidence, but the writer believes that
there are just as exact and definite principles underlying the com-
Position and constitution of alloys resistant to corrosion as hold
in any other field of chemical action, and for want of anything
‘better the above views are presented as a working hypothesis.

The photograph concerning which Mr. Rawdon inquires is of
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a sample of stainless steel received from the American Stainless
Steel Co., and was said to contain about 13 percent of chromium
and 0.3 percent of carbon. No mention was made of nickel, and
the writer has made no analysis of it. If it were a nickel
instead of a chromium steel it would have to contain 50 percent
or more of nickel to have withstood a certain corrosion test to
which this sample was subjected.



Tests On A Brady
B. T. U. Indicator

by
O. L. KOWALKE
of

University of Wisconsin, Madison, Wis.

Presented at
The Twenty-first Annual Convention
of the Wisconsin Gas Association

Milwaukee, Wis., March 22-24, 1922






TESTS ON A BRADY B. T. U. INDICATOR

By O. L. Kowalke

About a year ago when the Brady B.T. U. Indicator was
offered for sale in Wisconsin, requests for information con-
cerning this device came to the Chemical Engineering
Department from various sources. Tests were therefore
made to determine, (1) how accurately the heating value of
manufactured gas could be measured, (2) how to operate
the instrument most effectively. The results of these tests
are now submitted to this association. During the progress
of the work the manufacturers of the Indicator were kept
informed as to the results obtained and were also invited to
make suggestions as to the best methods for operation.

The data presented were obtained by Messrs. G. H. Head
and A. C. Vobach, seniors in Chemical Engineering.

Theory of Brady B. T. U. Indicator.

“The Brady B. T. U. Indicator is based on the discovery
that there is a simple linear relation between the heating
value of gases and the amount of primary air necessary to
just cause the yellow tip to disappear from the center of a
Bunsen burner flame. The heating value of hydrocarbons
in general is very closely proportional to the amount of
oxygen necessary for complete combustion. Hence if the
air necessary for complete combustion were measured it
would be a means of determining the heating value of these
compounds.”*

Within a glass cylindrical tube a truncated cone shaped
brass chamber is mounted with the largest end at the
bottom. The gas under test is conducted into the brass
cone shaped chamber; the air for combustion is in the
annular space between the glass tube and the brass, gas
chamber. Water from a movable reservoir may enter the
gas and air chambers simultaneously and force the gas and
air out through a mixing chamber into a burner.

Thus as the water rises in the glass tube the ratio of air
to gas is increased since the gas chamber tapers towards tkge
top. When the gas-air mixture is first lighted the flame is
yellow, but as the supply of air becomes greater, as the
water level rises, the yellow decreases and a blue inner cone

*U. G. L. Contracting Co. Circular.
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develops. When the yellow tip has disappeared and the top
of the inner blue cone has formed a definite arch the water
flowing into the gas and air chambers from the reservoir
is shut off. Now the heating value can be read off on the
scale attached to the side of the glass cylinder, by noting
the level of the water inside.

Methods of Testing.

Standard Testing, Equipment, and Methods. A Sargent
continous flow gas calorimeter (Junkers type) equippeg
with calibrated thermometers was used. The water supply
was maintained at room temperature. The gas under test
was drawn from a 60 cu. ft. holder and passed through g
three liter bottle filled with wet excelsior to insure satura.
tion. Thence the gas passed through an American Meter
Company wet test meter passing 0.1 cu. ft. per revolution,
then to a bell type of pressure regulator and finally to the
burner. The meter was calibrated frequently against g
standard one-half cubic foot proving bottle.

In the operation of the Sargent calorimeter, the gas flow
was maintained at the rate of seven cu. ft. per hour; the
water supply entering the calorimeter was at room temper-
ature and the flow regulated so that a rise of about §
degrees C. (14.4 degrees F.) was obtained; the damper was
set to give the highest outlet temperature for the water; the
flame was adjusted so that just a tinge of yellow appeared
at the tip. For each test 0.2 cu. ft. gas was burned. This
water was weighed on a scale sensitive to 0.01 of a pound.

In computing the results, corrections were made for
barometer in the regular way and also for humidity of the
air as described in Bureau of Standard Circulars No. 36.
All tests were made in duplicate by the operators indepen-
dently and an agreement within 8 B. T. U. was required.

(b). Brady B. T. U. Indicator Instalation and operation.
The Brady Indicator was assembled as described in the
directions furnished with the instrument. It was placed in
a wooden box, of suitable size, painted a dull black on the
nside and provided with an opening in the top for the escape
of products of combustion, The front of the box was par-
tially closed with a black cloth hung loosely from the top.
To observe the flame an opening about 8 inches by 4 inches
Wwas provided; to permit the shutting off of water and the
llghtxng of the burner a larger opening was left in the lower
right-hand corner. This enclosure prevented the inter-
ference of air currents with the steady burning of the flame
and enable the observer to note the change from a yellow
tip to a definite arch on the blue cone with greater precision;
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it also prevented the observer from watching the water
level as it rose in the glass tube and to shut off the water at
the same point. A shelf on the outside of the box was so
placed that the bottom of the water reservoir was on a
level with the top of the burner.

The Brady Indicator was operated according to the in-
structions furnished. It was not clear at first just what
flame characteristic should determine the point of shut-
off and some experience had to be gained. Mr. Brady* in
calibrating disregards the yellow tip entirely and goes by
the appearance of the tip of the blue cone. “When this be-
comes sufficiently distinct to see a blue line arching over the
tip of this inner cone the water should be stopped flowing.”

In making observations on the Brady two operators
worked independently each making five test and these were
then averaged. The observers were able to check each
other within about four B. T. U. 1In all comparison tests of
the Brady with the Sargent, gas was taken from a 60 cubic
foot holder and the lines thoroughly purged.

Results of Tests.

The calibration curve furnished with the Indicator direct-
ed that the displacement of gas and air from the instrument
between the marks 430 B. T. U. and 545 B. T. U. on the
scale should take place in 14 seconds. When operated

according to these directions the following results were
obtained.

Brady Sargent
578 B. T. U. 521 B.T. U.
581 ” 518 ”
558 ” 551 ”
550 ” 527 ”
average 567 ” 530 ” average difference

37TB.T. U.

Next a series of tests were made in which the displace-
ment of air and gas was made at slower rates. The'pur-
pose of this being to determine what was the proper rate
for this particular instrument. )

The data were plotted on coordinate paper showing ob-
served B. T. U. on the Brady as ordinates and time of dis-
placement of air and gas as abscissae. The graphs had the
Same general shape, but did not arrange themselves in t}le
order of correct heating value. At the high rates of dis-
Placement of gas and air the B. T. U. reading on the Brady

———

*Private communication.
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were all higher than on the Sargent flow calorimeter, and at
the slow rates of displacement the Brady indications were
lower than the Sargent.

The data in the table below were taken from the graphg
mentioned above and show the difference between the Brady
B. T. U. and the flow calorimeter B. T. U. Thus when
operated at a rate of 14 seconds the Brady in one case reads
““+59” or 59 B. T. U. too high. It will be seen that the
algebraic summation of the differences above and below the
correct value is zero in the column for the rate of 35 seconds.
displacement in the Brady. For all test thereafter the
Brady was operated at a rate of 35 seconds.

B. T. U. on |Difference between Brady and Sargent
Date | Sargent Flow

Calorimeter at 14 sec. | at 30 sec. at 35 see,
3-21-21 521 +59 +27 +19
4- 5-21 527 +23 —12 —19
4~ 6-21 551 +7 —23 —30
4- 8-21 518 +62 +21 +11
4-12-21 548 +52 +17 +10
5~12-21 519 +21 +11
5-24-21 562 A +12 -2

-+ 64 0

algebraic sum

It now remained to determine whether the rate of 35
seconds for displacement of gas and air would give correct
indications over a wide range of heating values. The 60
cu. feet holder was filled from the city mains and the sample
thoroughly mixed. Simultaneous tests were made on this
sample with the Brady and the Sargent flow calorimeters.
Call this test (a). Then to the gas remaining in the holder
from test (a) there was added city gas saturated with ben-
zol until the holder was again filled. This second sample
was again tested on the Brady and the Sargent as before,
and the result labeled test (b). To the gas remaining in
the holder from test (b), gas from the mains saturated with
benzol was again added until the holder was filled. This
sample was tested as before and the results called test (c).
For test (d) a fresh sample of gas was taken from the
mains into the holder. For tests (e) the gas remaining in
the holder from test (d) was diluted with carbon dioxide.
For test (f) the residue from test (e) was further diluted
with carban dioxide.
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Test Sargent Brady Variation Remarks
B.T.U. B.T.U.

(a) 527 525 — 2.0 City gas

(b) 559 543 —16.0 Eunriched by
benzol.

() 570 552 —18.0  Enriched by
benzol

(d) 552 541 —11.0 City gas

(e) 483 504 +21.0  Diluted by
carbon dioxide

(f) 446 484 +38.0 Diluted by

carbon dioxide

Thus it appears that the Brady has the tendency to read
too low when the gas becomes richer and reads too high
when the heating value drops from the point when the in-
strument was standardized. The Brady B. T. U. Indicator
was never meant as an instrument of precision,* but the
results obtained in these test show that after being properly
calibrated on a certain quality of gas the indications are
within reasonable limits of accuracy.

There is a linear relation between the heating values of

hydrocarbons and the oxygen required for complete com-
bustion.

Oxygen for CH,
Thus: —
us Oxygen for C,H,

) Heating value CH,
Heating value C,H,

If methane is taken as the basis and calculations made for

other hydrocarbons in the above manner the following are
obtained :—

= (approximately

Gas Oxygen Correct Calculated  Difference

required Heating Heating
Value Value
CHy 2.0mol. 1009 B.T. U. 1009B.T.U.
C.H, 3.0mol. 1588 B.T.U. 1513 B.T. U. —75
C:Hs 8.5 mol. 1764 B. T. U. 1765 B.T. U. +1
C¢Hs 7.5 mol. 3807B.T.U. 3780 B. T. U. —27

The agreement between the calculated and the observed
values is seen to be good indeed. But when carbon monoxide
and hydrogen are considered in a similar manner using
methane as g basis, the relation between oxygen required

and heating value is not a simple proportion.
\

*Proc. Tech. Section Am. Gas Assoc. 1919,
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Gas Oxygen Correct Caleulated  Difference
required B.T.U. B.T.U.

CO 0.5 mol. 344 252 —92
H, 0.5 348 252 —96

The presence of incombustibles like carbon dioxide ang
nitrogen will also affect the linear relation.

From the tests here presented, it appears that diluentg
such as carbon dioxide and nitrogen and combustibles like
hydrogen and carbon monoxide have a marked effect on the
indications of the instrument. The instrument will give
reasonable approximations when calibrated on a gas similar

in heating value and composition to that which is required
to be tested.

Chemical Engineering Department,
University of Wisconsin.
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ON THE REMOVAL OF NAPHTHALENE FROM
MANUFACTURED GAS

By O. L. Kowalke and A. W. Pesch

In compliance with the suggestion from the Educational
Committee of the Wisconsin Gas Association, a report is
hereby submitted of a study and compilation of published
information on the removal of naphthalene from manu-
factured gas. The report covers the work done during the
current year under the grant of the Fellowship established
by the Association at the University of Wisconsin.

The recent rather general revisions of gas standards
from the high calorific value of about 600 B. t. u. per cu. ft.
to about 520 B. t. u. per cubic foot and the abolition of the
candle-power requirements have given rise to new conditions,
The service to the consumer is improved. Higher tem-
perature of distillation are possible and thereby increasing
the yield of gas per unit of coal or oil carbonized, but the
contest of condensible hydrocarbon vapors may be de-
creased. Reductions of the content of condensible hydro-
carbons will, in general, leave dangerous amounts of naph-
thalene in the gas sent into the distribution system.

Naphthalene is a white solid having a melting temperature
of 176.9 deg. F. and a boiling temperature of 424.4 deg. F.
It crystalizes in large thin plates and for that reason a
relatively small amount can easily stop the flow of gas in a
main or service pipe. The vapor tension is such that one
cubic foot of air at 95 deg. F. can carry 61.16 grains of
naphthalene, at 50 deg. F. it carries 6.66 grains, and at 32
deg. F. 1.97 grains. Thus when the temperature of air
falls below that temperature at which it is saturated with
naphthalene, crystals will be desposited. When the tem-
perature of the air is again raised some of the naphthalene
may be evaporated and carried forward. Manufactured
gas will carry more naphthalene than air owing to the sol-
vent action of the condensible hyprocarbons present. Cool-
Ing such gas below the saturation temperature results in the

C_Oll@ensation of both hydrocarbons and napthalene in a
liquid form.

TO prevent naphthalene from being deposited in the

mains and services several means may be employed:—

(a) By preventing its formation during the process of
carbonization.
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(b) By separating it from the gas in the condensing ang
cooling apparatus. _

(¢) By washing the gas with a solvept, and

(d) By adding a solvent to the purified gas.

(a) Preventing the Formation of Naphthalene During
Carbonization

Much has been published regarding the proper tem.
peratures for carbonization to avoid nap}}thalene, but all
such data apply to low temperature conditions and are not
readily applicable to present practice. An extended dis-
cussion of this point is therefore not advisable. Tt has been
claimed that heavy charges of coal in horizontal retorts
prevent the formation of excessive amounts of naphthalene;
that in vertical retorts, because the gas passes through the
center and cooler portion of the charge, a smaller amount of
naphthalene is made; that in carburetted water gas plants
owing to the higher content of heavy hydrocarbon vapors
naphthalene troubles are not so serious.

(b) Removal of Naphthalene by Cooling and Condensation

Whether the gas laden with condensible and tar vapors
shall be cooled rapidly or slowly is a question on which gas
engineers are not agreed.

Rapid cooling of gas results in the formation of a large
number of minute droplets or “fog” of liquid hydrocarbons
held in suspension in the gas. Such a fine suspension or
“fog” may be effective in dissolving naphthalene but it
means that the gags must have a low velocity and be kept
in contact with the “fog” for a long time. It has also been
argued that rapid cooling causes too great a loss of the
“illuminants” from the gas.

Slow cooling provides more opportunity for the gas, tar,
and naphthalene to come to the equilibrim condition.
During the slow rise of gas in a suitable condenser, the tar
drople@s have a chance to increase in size and fall downward.
Thus, it is claimed, there is a slowly descending rain of tar
droplets which effectively washes out both tar and napb-
thalene. The fine mist of tar must be completely removed
from the gas or else the naphthalene is carried forward into
the distribution system.

Much data has been published to show that condensation
alone cannot remove naphthalene sufficiently complete so0
that no deposits will be found in cooler portions of the
system. The tar “fog” and hydrocarbon vapors may carry
naphthalene forward beyond the scrubbers. Tar, however,

—4



in the condensers, takes out much of the naphthalene from
the raw gas with comparatively little cost. In many in-
stances the naphthalene content is so reduced that no
trouble is experienced through further cooling.

(¢) Removal of Naphthalene by Washing with Solvents

To insure the removal of naphthalene to such an extent
that cooling the gas to any temperature, however low, will
not result in any condensation, a system of washing with a
solvent is usually necessary. Among the solvents which
have been used for this purpose are:—anthracene oil, cre-

osote oil, lighter tar oils, petroleum fractions such as “gas
oil”, and tars.

1. Anthracene Oil. Anthracene oil is obtained from coal
tar and is that fraction distilled above temperature of 270
deg. C. or 518 deg. F. Because the boiling point is 94
degrees higher than that of naphthalene anthracene oil con-
tains practically no naphthalene. Pannertz! claims that a
good anthracene oil should yield, on a distillation test,
0—120°C. yield 3 —49%; from 120° —200°C. not over
3% ; from 200° — 270° not over 4 to 8%. The oil should
not show any deposit after standing for one half hour at 23
deg. F. The absorbing power of anthracene is determined
by passing gas saturated with naphthalene at the rate of
about one cubic foot per hour through about 20 c. c. of oil.
A good oil should reduce the naphthalene content to about
1.2 grains per 100 cubic feet.

A rotary scrubber of the “Standard” type with four
bays is recommended with oil in each of the bays. 1t is
well to remove the tar before scrubbing. Pannertz reports
that he reduced the naphthalene in gas to about 1.6 grains
per 100 cu. ft. by using a “Standard” washer, and about 0.12
Pounds of oil per 1000 cu. ft. gas washed.

ashing with anthracene oil also removes some of the

nzol and toluol. An oil of initial specific gravity of 1.111
will have a density of about 1.06 when no longer useful, due
to the absorption benzol and toluol.

Bueb? advises the addition of 4 percent of benzol to
anthracene oil to prevent the absorption of “illuminants”.

il s0 treated will absorb 25 per cent of its weight in naph-
alene when used in a rotary washer consisting of three
bags placed behind the P. & A. tar extractor.

——

' Jnl. Gasbel. 48 : 921 (1905) :50 : 568 (1907); 54 : 912, 1004
(1911); 56: 509 (1913).

* Jnl Gaslight 76 : 699 (1900); Jnl. Gasbel. 44 : 15 (1901).
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Barth® points out that for naphthalene washing only 0,25
to 0.50 pounds of oil are used per 1000 cu. ft. of £as while
for stripping benzol 25 to 44 pounds of oil per 1000 cy, ft,
gas are needed.

Bunte® claims that naphthalene may exist in the gas in
the form of fine crystals, especially, when the gas has beep
cooled rapidly. In such case washing at 77 to 86 deg. F.
should be carried on in a rotary washer of several chamberg,

Anthracene oil is not available at reasonable prices in
this country. Hard pitch is the by-product in distilling tar
for anthracene and since the market for hard pitch ig
limited, the tar distiller runs the end product to a soft piteh,

In Europe hard pitch finds a ready market in the fuel bri-
quetting industry.

2. Creosote Oil. Creosote oil has been used extensively
for stripping benzol and toluol from gas and it is more
easily obtained in this country than the anthracene oil,
Naphthalene troubles have been experienced in plants where
creosote oil was used for stripping benzol because in time
the oil became saturated with naphthalene. In the process
of removing the benzol and toluol from the wash oil, the
temperature of distillation did not get high enough to drive
out the naphthalene and through repeated use the wash oil
became saturated.

Leather? used a tower scrubber wherein 10,000,000 cu. ft.
of gas was treated with 200 gallons of creosote oil, the oil
being recirculated. As soon as the oil was saturated, naph-
thalene troubles began again. Distillation with steam re-
moved the naphthalene and made the oil fresh for further
use.

Branson* reports on a plant where rotary washers were
used with creosote oil. The light oils and naphthalene were
distilled from the saturated oil, thus making the creosote
oil available again.

Copp® reports a similar method and claims that naph-

thalene was completely removed and that a better quality
of benzol was obtained.

3. Lighter Tar Oils. These oils do not dissolve the
“illuminants” from the gas so readily as anthracene and
creosote oils. Should the lighter tar oils be fairly ricl} n
benzol, they may even enrich the gas while at the same time
removing naphthalene. Gas so enriched will not deposit
naphthalene in the solid state.

Jnl. Gasbel. 49 : 495,

Jnl. Gasbel. 63 : 181 (1920).

Trans. Inst. Gas Eng. (1899), P. 113.
Gas WId. 73 : 272 (1920).

Gas Age 69 : 265 (1918).
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At Derby, England, an oil called “Derby Solvene” was
used in two bags of a “Standard” washer. The oil had the
following characteristics:— sp. gr., 0.908; distillation test
— up to 130 deg. C. — 4.0%, from 130 — 150 deg. C. —
15%, from 150 — 170 deg. C — 485%, from 170 — 190
deg. C. — 23%, from 190 — 200 deg. C. — 5.09% above 200°
C.—4.0%. The oil contained a fair amount of xylenes and
oils between toluol and creosote oil but it was not so vol-
atile as benzol. The guantity of ol used was 0.1 gallon per
ton of coal carbonized and the naphthalene was reduced to
2 grains per 100 cu. ft. .

Bayer? used an oil having benzol 0.4%, light oil (100 —
180° C.) — 67. 6%, middle oil (180 — 230° C.) — 25. 0%,
naphthalene 8.9%, and heavy oil 3.1%. The naphthalene
was reduced by using this oil, but the mantles in some street
lamps became blackened. :

4, Petroleum Oils. The fraction from crude petroleum
called “gas oil” has been used successfully as a solvent for
naphthalene. In an oil gas plant in California® naphthalene
trouble was overcome by washing the gas with fuel oil;
the heating value and candle power were not affected.
Calkins and Moorehouse* report the use of Indian Territory
gas oil for scrubbing carburetted water gas at Galveston.
They use the oil in a washer and found that it absorbed
twice as much naphthalene as their water gas tar. Ber-
nauer® used gas oil successfully and found that the use of
the naphthlaene laden oil subsequently in the carbureter of
a water gas machine only increased the naphthalene in the
gas by a very small amount.

5. Tars. Water gas tar has been used most' frequently
as a solvent for naphthalene, but tars from oil gas, vertical
retorts and specially collected coal gas tar have also been
employed. Tars have been used both hot and cold with
satisfactory results, provided the contents of water and
naphthalene were low to begin with. The Committee on
Naphthalene of the British Institution of Gas Engineers®
points out that there must be an intimate contact b'etween
tar and gas for a sufficiently long time. When using hot
tar there is less chance for absorption of light oils, a ten-
dency for the tar to give up some “illuminants”, and a
higher degree of solubility of naphthalene. The use of cold

Jnl. Gaslight. 105 : 783 (1909).

Jnl. Gasbel. 54 : 496 (1911).

Am. Gas Lt. Jnl. 95 : 275.

Am. Gas. Inst. Proc. 4 : 7217.

Gas Wid. 73 : 273 (1920).

Trans, Inst. Gas. Eng. (1917) p. 228.
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tar has the advantage that the vapor tension of naphthalene
is kept down and thus it is claimed that less naphthalene
gets back into the gas.

Fletcher reports that naphthalene has been removed by
circulating water gas tar in the hydraulic main in a steady
stream. At the Caryl Plant in Liverpool, England, he ugeg
the three chambers on the inlet side of a “Standard” washer,
The tar was run from a tank through a special regulating
cock at the rate of 50 gallons per day for a make of gas of
800,000 cu. ft. With this ratio of tar to gas he was able
to reduce the naphthalene from 9.5 grains per 100 cu. ft. in
the raw gas to 3.4 grains per 100 cu. ft. By doubling the
amount of tar and circulating it two or three times instead
of once in the washer the naphthalene was reduced to be-
tween 3.5 grains and a trace per 100 cu. ft. gas. A good
water gas tar will not eliminate naphthalene altogether,
but makes the gas much easier to handle.

Wyant? made a naphthalene scrubber from an old tubular
condenser by removing the tubes and filling the shell with
wooden grids. The shell was 6 ft. 6 in. diameter by 20 ft.
high. A collecting tank was provided to catch the tar
from seal in the water gas plant and also from the hot tar
scrubbers. The tar at a temperature of 110 deg. F. was
circulated by a pump at the rate of 8 gallons per 1000 cu. ft,
of gas. The gas from the retorts was passed in succession
through primary condensers, the exhauster, immersion
waghers, the hot tar scrubber, and the secondary condensers.

The Committee on Naphthalene, American Gas Institute’
described three water gas tar washing plants for naph-
thalene. At plant (E) there was used a steel shell 8 ft.
diameter by 22 ft. high, containing three layers of grids
4 ft. deep spaced one inch apart. The gas passed upward
and the tar downward. The tar was circulated by means
of a pump at the rate of 0.14 gallons per 1000 cu. ft. gas,
and was removed from the circulating well and renewed be-
fore becoming saturated with ‘naphthalene. The temper-
ature employed in the washer was 105 deg. F. Plant (F)
used a steel shell 8.5 ft. diameter by 24 ft. high filled with
grids made of 1% inch boards spaced 1% inch apart. The
temperature of the scrubber was maintained at 118 deg. F.
The tar used contained about 7 per cent naphthalene before
use and about 25 per cent when it was discarded. It was
suggested here that air at 180 deg. F. be blown through
the discarded tar to remove the naphthalene and then to

1

Gas Jnl. 141 : 248 (1918).

(1914)Am. Gas Lt. Jnl. 100 : 261 (1914). Jnl. Gas Light. 126 : 506

* Proc. Am. Gas Inst. 8 Pt. I:657 (1913).
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conduct the warm air with its charge of naphthalene to the
boilers or to the benches. Thus the tar could be used over
again. At Plant (I) tar was used at the rate of 0.05
gallons per 1000 cu. ft. gas from inclined retorts and at the
rate of 0.072 gallons per 1000 cu. ft. gas from horizontal
retorts. The tar, initially, was practically free from naph-
thalene and when discarded contained 7.75 per cent and
11.29 per cent respectively when used for gas from inclined
and horizontal retorts respectively. A rotary washer of
the “Standard” type was used and the temperature was kept
at about 70 deg. F.

J. A. Brown® describes an installation where a scrubber
was placed at the outlet of the carbonizing chambers, so
arranged that condensed tars and liquors or a mixture
thereof could be circulated with a pump. Scrubbing with
hot tar resulted in complete absorption of naphthalene and
no decrease in heating value. A hot tar scrubber of this
type, 4 ft. diameter by 36 ft. high was erected at Peoria,
Ilinois. Tests now show more naphthalene at outlets from
mains than at the works.

Zwarg® maintains that using water gas tar alone in a
rotary washer will not reduce the naphthalene below 17.5
grains per 100 cu. ft. gas. He recommends the use of water
gas tar in the first chamber of the washer only and anthra-
cene oil for the second chamber. The tar is to be discarded
when the fraction between 392 — 518 deg. F. after cooling
for one hour at room temperature deposits 21 per cent of
solid naphthalene.

Mann® at Cleveland used 400 gallons of anthracene oil in
each of four sections of a Kloenne washer. A new charge of
400 gallons was added every second day to the top section
and the others moved down; thus each batch remained in
the washer 8 days. The oil absorbed 35 per cent by weight
of naphthalene. Owing to the cost of anthracene oil, water
gas tar was substituted, and 400 gallons of tar added to the
washer each day. About 25,000 cu. ft. of gas were treated
per gallon of tar., The washer was used continuously.

d. Removal of Naphthalene By Introducing Solvent Into
Purified Gas.

The deposition of naphthalene can be prevented by intro-
ducing a hydrocarbon vapor which condenses at the same
temperature as naphthalene, and produces a liquid solution
of the naphthalene that can be collected in the drips. In

small plants where the expense of a washing equipment is
R-
Am. Gas Jnl. 114 :271 (1921); Gas Jnl. 154 : 205 (1921).
Jnl. Gasbel. 54 : 837 (1911).
Prog. Age. 23 : 111 (1905).
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not feasible; in plants where benzol and toluol are strippeq
from the gas, but where some naphthalene may still be left;
in plants where the gas may have a heating value of 50
B. t. u. or lower and be deficient in condensible hydro.
carbons, the introduction of a condensible hydrocarbon at
the outlet of the holder or the outlet of the purifier has been
found to be a satisfactory means of preventing deposist of
naphthalene. The hydrocarbons that have been employeq
for this purpose are:—slovent and heavy coal tar naphthas,
condensates from the compression of oil gas, light petroleum
(paraffin) oil such as white spirit, and burning oil or
kerosene. The oils have been introduced into the mains ag
a liquid and allowed to run to the drips, as a finely atomized
mist, and as a vapor produced by heating the oils.

A Committee of the British Institution of Gas Engineerst
reports that at most plants petroleum oils were used which
had a fairly high boiling point. Since only a comparatively
gmall portion of these oils can be picked up by the gas
through evaporation, it was necessary either to vaporize the
oils with heat or to atomize them when putting them into
the mains. In case of the more volatile oils, both the
Livesey and rotary washers were used.

Because of its cheapness, availability and effectiveness,
kerosene was used a great deal.

W. Fletcher? describes some installations for introducing
the solvent as used in Liverpool, England. One of these
consisted of a rectangular cast iron box divided by a horizon-
tal partition. A 4-inch gas inlet and outlet pipe was fitted
onto the upper compartment; oil from an overhead tank
was fed through a sight feed into the upper chamber;
steam at 15 pounds per sq. in. was fed in at the bottom.
The oil was thus vaporized and passed with the gas and
steam into the distribution system. About 8.5 per cent of
the oil was vaporized and the remainder was allowed to run
to a seal pot. The second installation consisted of a steel
shell 2 ft. 2 in. diameter by 3 ft. 11 in. high fitted with 6
inch gas connections at the bottom and top for inlet and
outlet respectively. A closed copper heating coil 90 feet
long was mounted inside and fed with steam at 40 pounds
per sq. in. The oil was fed in at the top of the vaporizer
and allowed to drop on the hot copper coil ; the unvaporized
portion of the oil drained out through a siphon. Here 25
gallons of oil were used to treat 214, million cubic feet of gas
per day with a residue of 1.5 gallons per day.

* Trans, Inst. Gas Eng. (1917) p. 228; Gas Jnl. 137 : 551 —4
(1917).

* Gas Jnl 141 : 249 (1918),
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Glover' recommends that a burning oil of 0.78 — 0.82
specific gravity be used and that it should vaporize readily
at 300 — 320 deg. F. The oil should be introduced at the
outlet of the purifiers or at the inlet of the holder and it was
claimed that 25 gallons would treat one million cublic feet
daily under ordinary conditions.

Vince® at Minehead, England, used a gas heated vaporizer
capable of vaporizing 0.75 gallons of oil per hour with 60
cu. ft. of gas. The oil vaporized was 3 gallons per wee
for an output of 500,000 cu. ft.

Parkinson® claims that 15 gallons paraffin burning oi
(kerosene) are sufficient to deal with one million cu. ft
gas containing 12 grains naphthalene per 100 cu. ft.

Davidson* believes that introducing a solvent into the
mains is the cheapest way to control naphthalene deposits
The amount of solvent necessary will depend on the nature
of the gas, but that 10 gallons of solvent per million cubic
feet of gas is sufficient. The solvent should be one. the
great bulk of which, distills over between 266 and 392 deg. F.

- The Committee® from the British Institution of Gas
Engineers reports that about 10 per cent of the gas is by-
passed through the vaporizer and then mixed again with
the main stream. Mixing of the two streams should be
made promptly in order to produce as fine a mist as possible

_S}}arp bends should be avoided at the point where the
mixing occurs.

Spraying or “atomizing” the oil into the main is another
method of introducing the solvent. According to the renort
to the British Institution of Gas Engineers® in some cases
the oil is atomized with compressed gas and in other cases
the oil is pumped under high pressure through a jet. It is
essential that the spray be very fine in order to c¢opry far,
and that sharp bend in the pipe immediately ahesd of the
spray be avoided.

Botley® atomizes the oil with compressed gas at 25 pounds
per sq. in. He prefers a refined petroleum oil not exceeding
0.80 specific gravity and claims that the mist is carried to
the end of the system.

Kennedy” at Colorado Springs dropped gasoline into the
mains by means of a device consisting of a sheet iron tank

: Jnl. Gaslight 132 : 582 (1915).
, Jnl Gaslight 136 : 540 (1916).
. Gas Jnl. 151 : 616 (1920).
Trans. Inst. Gas Eng. (1913) p. 177.
(1917)Trans. Inst. Gas Eng. (1917) p. 228; Gas Jnl. 137 :551
, Jnl Gaslight 72 : 1093 (1898) Gas WId. 72 : 283, 301 (1920).
Gas Age 32 : 310 (1913).
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fitted with a regulating valve and a pipe that entered the
main ahead of the governor. Gasoline was fed at the rate
of 90 drops per minute and during the winter of 1913 he
used 188 gallons at a cost of $33.84.

—_12—



APPENDIX
Bibliography of Articles on Naphthalene Removal.

Note:—For a bibliography of articles prior to 1904, see A. H.
White and S. Ball, Am. Gas Light. Jnl. 81 : 605, (1904) Jnl. Gas-
light 88 : 326.

1. References Relating to Condensation and Removal of Naph.-
thalene.

“Horse Sense” vs. Naphthalene. F. C. Slade, “Am. Gas Light
J.”, 83 :843 (1905).

The Naphthalene Discussion at the Manchester Institution Meeting.
R. G. Shadbolt. “J. Gaslighting,” 133 : 524 (1916).

Abrupt Condensation of Naphthalene. Gas Age, 42 : 430 (1918).

Condensation of Illuminating Gas. H. G. Colman, “Inst. Gas
Eng., Trans.,” 1904, p. 124. “J. Gaslighting,” 86 : 760 (1904).

Naphthalene. G. Wehrle. “Gas Age,” 31 :192 (1913).

Coal-Gas Treatment. A. B. Slater, Jr. “Gas Age,” 20 :115
(1902).

The Naphthalene Question at the Bradford Meeting of the York-
shire Junior Gas Association. “Am. Gas Light J.,” 82 :42, (1908);
‘“J. Gaslighting,” 88 : 911 (1904).

Another Remedy for Naphthalene Deposits. Refers to specifi-
cations for French patent taken out by C. Otto and Co. “J. Gas-
lighting,” 120 : 509 (1912).

An Electrical Process for Detarring Gas. F. W. Steeve. “Am.
Gas Inst., Proc.,” 9, pt. I :178 (1914).

The Electrical Separation of Tar from Coal Gas. A. H. White,
R. B. Rowley and C. K. Wirth. “Am. Gas Light J.,” 101: 177
(1914),

Contribution to Naphthalene Washing. F. Pannertz, “J. Gasbel.,”
54 :912 (1911).

Oil for Naphthalene Extraction. Schweizer. “J. Gaslighting,”
122 : 97 (1913).

Naphthalene at Sheffield. H. Thomas. “Am. Gas Light J.,”
84 :231 (1906) ; “J. Gaslighting,” 92 : 805 (1905).

Notes on Naphthalene in Coal Gas. J. Macleod and J. A. R.
Henderson. “J. Soc. Chem. Ind.,” 33 :299 (1914). “J. Gaslight-
ing,” 124 : 813 (1913) and 126 : 26 (1914); “Gas World,” 59 : 788.

The Determination of Naphthalene in Gas and Its Removal by
Cooling. “Gasbel.,” 52 : 694 (1909).

) Naphthalene Stoppages. “Inst. Gas Eng., Trans.,” 1917, p. 228,
‘Gas J.,” 137 1554, 551 (1917); “Gas World,” 66 : 224 (1917).
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The Naphthalene Question. J. F. Smith, “Am. Gas Light Jn
82 :368 (1905).

The Removal of Naphthalene from Coal Gas. A. H. White ang
D. H. Clary. “Am. Gas Light J.,” 83 :663, 702 (1905); “J. Gas.
lighting,” 92 : 388 (1905).

The Removal of Naphthalene from Coal Gas. A. H. White ang
J. M. Barnes. “Am. Gas Light J.,” 85 :579 (1906); “J. Gaslight-
ing,” 96 :181 (1906).

The Removal of Naphthalene from Coal Gas during the Procegs
of Condensation. Wm. Young. “J. Gaslighting,” 89 :706 (1905),
“J. Gasbel.” 48 : 546 (1905).

Cooling and Naphthalene Removal. Dr. E. Ott. “J. Gasbel.,”
53 : 784 (1910).

Report of Committee on the Naphthalene Problem of To-Day.
“Am. Gas Inst.,, Proc.,” 8, pt. I:624 (1913); “Am. Gas Light J.,”
100 : 17 (1914).

Naphthalene Removal Report. By a committee of the Southern
District Association of Gas Engineers and Managers (England).
“Prog. Age,” 24 : 772 (1916); see also “Prog. Age,” 23 :3 (1905).

Condensation—Removal of Naphthalene. A question box. “Am,
Gas Inst., Proc.,” 3 : 1029 (1908).

Naphthalene. W. H. Birchmore. “Am. Gas Light J.,” 78 :962
(1903).

Naphthalene Deposits; Their Cause and Prevention. J. P. Leather.
“Incorp. Gas Inst., Trans.,” 1899, p. 113; “J, Gas-lighting,” 78 : 1734
(1899); “Am. Gas Light J.,” 71 : 91 (1899).

Something Concerning Naphthalene. K. Bunte. “J. Gasbel.,”
63 : 181 (1920).

Estimation of Tar Fog and Its Separation from Gases. R. H.
Clayton and F. W. Skirrow. ¢J. Gaslighting,” 98 : 660 (1907);
“J. Gasbel.,” 50 : 969 (1907).

Naphthalene: Its Formation and Removal. G. S. Cooper. “J.
Gaslighting,” 110 : 498 (1910).

Further Experiences with Reversible Condensers. Chas. Carpen-
ter. “Gas World,” Nov. 16, 1901.

Il. References Relating to Washing With Oil For Removing Naph-
thalene.

Elimination of Naphthalene Stoppages. “J. Gasbel.,” 44 :756
(1901); “J. Gaslighting,” 78 : 1729 (1901) ; Am. Gas Light J., 76
: 86 (1902).

Concerning Naphthalene Troubles. Wm. T. Carpenter, “J. Gas-
lighting,” 132 : 709 (1915).

On Naphthalene. K. Bunte. ¢J. Gasbel.,” 63 :181 (1920).

A Question Box. “Am. Gas Inst., Proc.,” 3 :800, 1029 (1908).

Coal Gas Residuals. F. H. Wagner. “Am. Gas Inst., Proc.,” 9,
pt. 1:340 (1914); “Am. Gas Light J.,”” 101 :305 (1914).
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Extraction of Naphthalene from Coal Gas. Brit. patent No. 151,
463. Desire Marbais and Camille Deguide. “Gas World,” 73 : 386
(1920).

0il for Naphthalene Extraction. W. Schweizer, “J. Gaslighting,”
122 : 97 (1913).

On Inquires into the Operation of Naphthalene Washers. F. Pan-
nertz. “J. Gasbel.,” 48 :921 (1905).

A Contribution on the Question of Removing Naphthalene from
Tlluminating Gas by Means of Naphthalene Washers. F. Pannertz,
“J. Gasbel.,” 50 : 568 (1907).

On the Testing of Oils for Naphthalene Washing. Pannertz.
“J. Gasbel.,” 54 :1004 (1911).

Contributions to Naphthalene Washing. F. Pannertz. “J. Gas
bel.,”” 54 : 912 (1911); See also “J. Gasbel.,” 56 : 509 (1913).

A Method of Preventing Naphthalene Obstructions. Dr. Bueb.
“J. Gaslighting,” 76 : 699 (1900); “J. Gasbel.,” 44 :115 (1901).

The Operation of Naphthalene and Cyanogen Washers in the Gas-
works at Darmstadt. Dr. Keppler, “J. Gasbel.,” 47 : 245 (1904).

Extraction of Naphthalene by Washing—When is it Complete?
Herr Gellendein in “J. Gasbel.,” 47 : 883 (1904). “J. Gaslighting,”
88 :259 (1904).

Notes on Benzol and Naphthalene Recovery. H. E. Copp. “Gas
World,” 69 : 265 (1918),—see also p. 276 of same reference; “Gas
J.,"" 144 : 311, 372 (1918).

Naphthalene at Sheffield. H. Thomas, “Am. Gas Light J.,”” 84 :
231 (1906). See also “J. Gaslighting,” 92 : 805 (1905).

A Naphthalene Experience at Stafford. Anon. ‘J. Gaslighting,”
123 : 36 (1913).

Extracting Naphthalene Salts, Etc. from the Distillates of Coal
Tar. Brit. patent No. 115, 906. Brotherton & Co., Ltd., J. Por-
tions, and E. D Whitelock. “Gas J.” 143 : 72 (1918); “Gas World,”
68 : 435 (1918).

The Theory and Nomenclature of Gas Stripping. H. W. James.
“Gas World,” 68 : 232 (1918).

The Recovery of Naphthalene. Anon. *“J. Gaslighting, 131 : 389
(1915).

Naphthalene Washer. A. H. Calkins and L. B. Moorehouse.
“Am. Gas Inst., Proc.,” 4 : 727 (1909).

On Oils for Naphthalene Washing. A. Bayer, “J. Gasbel.,” 54 :
496 (1911); “Am. Gas Light J.,” 95 : 173 (1911).

Methods of Removing Naphthalene from a 16-inch Pipe. Some
Points on oil washing for naphthalene are brought out in the dis-
cussion. “Am. Gas Light J.,” 86 : 574 (1907).

The Naphthalene Problem in Oil Gas Manufacture and Distribu-
tion. F.S. Wade. “Am. Gas Light J.,” 95 : 275 (1911).

Naphthalene Stoppages. Report by a committee from the Insti-
tution of Gas Engineers. “Inst. Gas Eng., Trans.,” 1917 p. 228,
?;e also “Gas J.,” 137 :554, 551 (1917); “Gas World” 66 : 224

905).
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Notes on the Derby Naphthalene Process. G. F. Twigg. “J. Gas.
lighting,” 105 : 783 (1909). :

Liquid Purification of Gases. C. E. Reese, “Gas Age,” 45 :344
(1920).

Naphthalene Extraction. A. W. Branson. “Gas World,” 73 : 273
(1920).

Dry Purification and Washing Naphthalene with Gas Oil. J. Bern.
auer. “Gas World,” 57 : 52.

Notes on Naphthalene in Coal Gas. J. Macleed and J, A, R.
Henderson. “J. Soc. Chem. Ind.,” 33 :299 (1914). ¢J. Gaslight-
ing,” 124 : 813 (1913) and 126 : 26 (1914).

Liquid Purification. Dr. W. B. Davidson. “Inst. Gas Eng,
Trans.,” 1913, p. 177.

Concerning Naphthalene Washers. Zwarg. “J. Gasbel.,,” 54 : 837
(1911).

Naphthalene: Its Formation and Removal. G. S. Cooper. «J.
Gaslighting,” 110 : 498 (1910).

The Design and Operation of a Naphthalene-Cyanogan Washing
System. Ritzinger. “J. Gasbel.,” 46 : 44 (1903); “Am. Gas Light
J.,” 78 :247 (1903).

Benzole Recovery and Naphthalene Trouble. J. Parker. “Gas
World” (Coking and By-Products Section), 66 : No. 1694, 10 (1917).

Benzole Recovery and Naphthalene Trouble. “Gas World”
(Coking and By-Products Section). 66 : No. 1697 (1917).

Dealing with Naphthalene. Editorial. “Gas World.” 68 :58
(1918).

The Determination of Naphthalene in Gas and Its Removal by
Cooling. Transtlation of Article by J. Rutten in “Het Gas,” 1908,
Nos. 9 and 12. «J. Gasbel.,” 52 : 694 (1909).

Light Oil Recovery and Naphthalene at Cambridge (Mass). Anon.
“Gas J.,” 142 : 51 (1918).

The Removal of Naphthalene from Coal Gas. A. H. White and

D. H. Clary. “Am. Gas Light J.,” 83 : 663, 702 (1905) ; “J. Gas-
lighting,” 92 : 388 (1905).

II1. References Relating to the Use of Tar for Washing Out Naph-
thalene.

Naphthalene Stoppages. “Inst. Gas Eng., Trans.” 1917 p. 228.
“Gas J.” 137 : 554, 551 (1917)

Removal of Naphthalene by Tar. H. C. Mann “Prog. Age.”,
23 :111 (1905).

Concerning Naphthalene Washers, Zwarg “J. Gasbel” 54 :837
(1911).

The Distribution System. J. A. Brown. “Am, Gas J.” 114 : 271
(1921); “Gas J.” 154 :205 (1921).

Realizing the Value of Tar. W. Allner. “J. Gasbel” 52 :490
(1909).
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Removal of Naphthalene from Water Gas—A Home-Made Washer,
Abstract of a paper by Mr. Wyant before New England Association
of Gas Engineers. “J. Gaslighting,” 126 : 506 (1914).

Is Every Water Gas Tar Suitable for Naphthalene Washing?”
“J. Gasbel”, 55 : 815 (1912).

Experiences with Naphthalene Cases in Liverpool. W. Fletcher.
“Gas World,” 68 : 236 (1918); see also p. 272 of same reference,

Everett Tar—Naphthalene Extractor. J. D. Smith, “Prog. Age.”
25 :474 (1907).

A Question Box. “Am. Gas Inst., Proc.,” 3 : 800, 1029 (1908).

Prevention of Naphthalene Stoppages. J. W. Helps. “Inst. Gas
Eng., Trans.” 1910, p. 68.

Light Oil Recovery and Naphthalene at Cambridge (Mass.).
Anon, “Gas J.” 142 :51 (1918) from article by I. T. Haddock in
Gas Age, 41 : 257 (1918).

Report of Committee on the Naphthalene Problem of To-day.

“Am. Gas Inst. Proc.” 8, pt. I :624 (1913); “Am. Gas Light J.”
100 : 17 (1914).

IV. References Relating to Vaporizing or Spraying a Solvent in Gas
To Dissolve Naphthalene.

Extended Experience with the Hastings Carburation Process, for
the Prevention of Naphthalene Deposits in the Distributing Mains
and Services. C. E. Botley, “J. Gaslighting,” 72 :1093 (1898).
“J. Gaslighting,” 133 :39 (1916); “Gas World”, 72 :283, 301
(1920).

Naphthalene. H. Simmonds. “J. Gaslighting,” 133 1 470, 456,
590 (1916); “Gas World”, 64 : 220 (1916).

Chemical Notes and Experience in Gas Manufacture. w. H.
Battersby. “Gas J.”, 151 : 393 (1920).

A simple Non-Mechanical Device for Injecting a Mist of Naph-
thalene Solvent into Gas Mains. E. J. Sutcliffe. “Gas J.” 141 : 160
(1918) ; “Gas World”, 68 : 60 (1918).

Naphthalene Stoppages. “Inst. Gas Eng. Trans”, 1917 p. 228,
“Gas J.” 137 : 554 and 551 (1917) ; “Gas World,” 66 : 224 (1917).

The “T. R. Sprayoil” Apparatus. Wm. Thomson and R. H.
Ruthwen, J. Gaslighting”, 133 :139 (1916); “Gas World”, 64 :
51 (1916).

The Simple Spray. H. F. Boughton. “Gas World”, 72:12
(1920).

Gas Work Economics. Anon. “Gas Age” 32 :310 (1913).

The Automobile Associtaion Prescribes for the Naphthalene
Trouble. R. Montgomery. ‘“Gas World”, 72 :276 (1920).

Vaporizing QOils for Enriching Coal Gases and Avoiding Naph-
thalene Deposition. Brit. patents No. 108, 579. N. Swindin. “Gas
4.7 139 : 517 (1917).

Vaporizing for Distribution System. “Gas J.”, 151 : 616 (1920).
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The Elimination of Naphthalene Stoppages with Xylol. Breitkoff,
“J. Gasbel.”, 42 : 671 (1899).

Naphthalene Troubles. Anon. “Gas Age.” 39 :199 (1917),

Petroleum Vaporizer for Preventing Naphthalene Deposits. Anon,
“J. Gaslighting”, 132 : 582 (1915).

Influence of Artificial Carburation of Coal Gas on the crystallizg.
tion of Naphthalene in Gas Pipings. Abstract of article by C. Abder.
Halden in “Chemic & Ind.” 3 :19 (1920). ‘‘Chem. and Met, Eng.”,
22 : 990 (1920).

A portable Xylol Vaporizer, Gulich. ‘J, Gasbel,” 53 : 704 (1910),

Liquid Purification. Dr. W. B. Davidson. “Inst. Gas Eng,
Trans,” 1913, p. 177. ’

Dealing With Naphthalene. Anon. “Gas World,” 68 : 58 (1918),

Current Topiecs. Anon. “Gas World” 72 :5 (1920).

Naphthalene Remedies. Information Bureau, “Gas Age,” 31 : 454

1913).
( Naphthalene and Gas Washing. Thom. Glover. “J. Gaslighting,”
132 : 581 (1915).

On the Prevention of Naphthalene Stoppages with Crude Xylol.
Dr. Erlenbach, “J. Gasbel,” 44 : 57 (1901); “J. Gaslighting,” 77 :
756 (1901).

Stripping of Gas from Bengol, Toluol, Ete. Increases Naphthalene
Stoppage Troubles in England. N. H. Humphrys, “Am. Gas Eng.
J.” 106 : 461 (1917).

Light Oil Recovery and Naphthalene at Cambridge (Mass.) Anon.
“Gas J.” 142 :51 (1918). From article by I. T. Haddock, “Gas
Age” 41 :257 (1918).

A Question Box “Am. Gas Inst. Proc.” 3 : 800, 1029 (1908).

Something on Naphthalene. K. Bunte. “J. Gasbel” 63 :181
(1920). ,

Concerning Naphthalene Troubles. W. T. Carpenter. “J. Gas-
lighting,” 132 : 709 (1915).

Experience with Naphthalene Cases at Liverpool. Abstract of a
paper by W. Fletcher. “Gas World,” 68 1236, 272 (1918).
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ON THE REMOVAL OF SULPHUR COMPOUNDS FROM
MANUFACTURED GAS BY MEANS OF SODIUM
HYPOCHLORITE

By H. R. Broker and O. L. Kowalke

The Executive Committee of the Wisconsin Gas Associa-
tion two years ago suggested the problem of the removal of
sulphur compounds from manufactured gas for study under
the grant of the Fellowship established at the University.
A report on the preliminary work was made by E. C.
Brenner at the meeting in March 1921. This report covers
the work done by H. R. Broker in continuation under the
grant.

It seemed worth while to repeat some of the earlier ex-
periments on a larger scale to determine whether the results
could be duplicated and whether the organic sulphur
compounds could be removed more completely. The pre-
liminary tests by Brenner showed that hydrogen sulphide
was completely removed but that carbon disulphide was
only partially taken out. It was believed that carbon disulp-
hide comprised the greater part of the organic sulphur
compounds, although traces of thiophenes, thioethers, and
isothicyanates have been found.*

Experimental.

The general procedure in making a determination was as
follows: The total sulphur in the gas as taken from the
storage holder was determined by means of the modified
Dreschmidt apparatus as recommended in Circular No. 48 of
the U. S. Bureau of Standards. Simultaneously, in a dupli-
cate apparatus, the total sulphur was determined on gas
from the same holder but after it had been passed through
the tower containing the hypochlorite solution.

The difference in the results of the tests for total sulphur
on the gas directly from the holder and on that after it had
Passed the hypochlorite tower showed the amount of total
sulphur removed.

The hydrogen sulphide was determined on a separate
sample from the storage holder by bubbling the gas thropgh
a 12-bulb absorption train containing ammoniacal cadmium
chloride wherein the sulphur in the hydrogen sulphide was
Precipitated as cadmium sulphide. .

The difference between the total sulphur on the original
Sample and the sulphur as hydrogen sulphide is the sulphur

——

*Powell, A. R. Bur. Mines Rept. No. 196-H24.
—8



——v—-—

Na OC/
Solurion

70

} SocTIoN

/ WEr GAS MeTER $
2. PuriFyving ToweRr P Bour. S7TAnD. TorAL
3 LEAD ACETAre Tesr PHIPER 4 SuLPHvr RPPARATUS

4 . PRESSURE TREGULATOR




present in the form of organic sulphur; the difference be-
tween the total sulphur in the treated gas and sulphur as
organic sulphur in the original gas is the amount of organic
sulphur removed. No evidence of hydrogen sulphide was
obtained by means of lead acetate paper in a test bottle at
the outlet of the hypochlorite tower.

The procedure in removing sulphur compounds was sub-
stantially as follows. As shown in the accompanying
diagram the gas from the holder passed a wet test meter
then into the hypochlorite tower and finally into the sulphur
determination apparatus.

The hypochlorite tower was a glass tube 2 inches in
diameter and 44 inches long packed for a length of 36 inches
with evenly sized metallurgical coke about one half inch in
diameter. The hypochlorite solution was allowed to flow
from an overhead reservoir steadily down over the coke
filling in the tower. The gas under test flowed upwards
through wetted coke filling.

Results.

1. The Removal of Organic Sulphur. The results of tests

on the removal of organic sulphur compounds are given in
the following table:

Run number I 1I III
Total sulphur in raw gas

Grains / 100 cu. ft. 7.0 6.1 5.2
Total sulphur as hydrogen sul-

phide Grains / 100 cu. ft. 24 1.3 1.5
Total sulphur as organic sul-

phur Grains / 100 cu. ft. 4.6 4.8 3.7
Total sulphur in purified

gas Grains / 100 cu. ft. 1.9 1.6 14
Percent of organic sulphur

removed by tower 59.0 67.0 62.0
Available chlorine before ab-

Sorption Grams / Liter 2.2 5.5 4.34
Available chlorine after ab-

sorption Grams / Liter 1.0 4.6 3.8
Volume of absorbent

Liters 12.0 19.0 18.0
Gas Purified

Cubic feet 6.125 10.0 9.20
Rate of passage of gas through

tower Cu. feet / Hour 0.756 0.650 0.715
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With a smaller tower Brenner secured about 40 percent
removal or organic compounds. It is also apparent that a
greater amount of sulphur could be removed if the rate of
flow of gas were cut down or the tower enlarged. The per
cent removal obtained here, 67 percent, is quite satisfactory,

2. Removal of Illuminants. From the analysis of the
hypochlorite before and after a test, it was found that g
greater amount of chlorine was being used than was re.
quired for the removal of the sulphur compounds by simple
oxidation. A part of the chlorine loss might be due to the
action of the hypochlorite on the unsaturated hydrocarbons,
It is well known that hypochloraus acid reacts with ethylene
to form ethylene chlorhydrin.

C,H, + HOCICH,CICH,0H

Analyses were therefore made of the gas before and after
it had passed through the tower. The following results are
typical of what was observed, and it appears that the longer

the gas is held in contact with hypochlorite the more of the
unsaturated compounds are removed.

Rate of Iluminants % Removal of
passage Orig. gas Purified Hluminants
(CO, free Gas
44 cu. ft. / hr. 12.6% 10.9% 13.5%
.70 ” 12.6% 11.3% 10.3
1.50 ” 10.8 104 3.7
3.00 ” 10.8 10.7 0.9

3. Chlorine and Chlorine Compounds in Purified gas. In
all the tests made thus far it appeared that more chlorine
was taken out of the hypochlorite than could be accounted
for in the removal of hydrogen sulphide and some carbon
disulphide. Gas from the mains was highly charged with
carbon disulphide vapors and then passed through the
hypochlorite tower. After which the total sulphur was
determined. Provision was made to determine the chlorine
in the products of combustion in the sulphur testing

apparatus in order to learn how much chlorine left the
tower.



The results of two representative runs are as follows:

Run Number I I
Total sulphur in raw gas

Grains / 100 cu. ft. 425 152.7
Total sulphur as hydrogen

sulphide Grains / 100 cu. ft. 2.5 2.5
Total sulphur as organic sul-

phur Grain / 100 cu. ft. 40.0 150.2
Total sulphur in purified

gas Grains / 100 cu. ft. 30.4 142.8
Volume of gas purified

Cubic feet 9.30 8.90
Total hydrogen sulphide re-

moved Grains 2.33 2.23
Total organic sulphur re-

moved Grains 8.93 6.59
Chlorine in purified gas

Grains / 100 cu. ft. 250.0 263.0
Available Chlorine before ab-

sorption Grams / Liter 3.75 1.5
Available chlorine after ab-

sorption Grams / Liter 2.63 0.23
Volume of absorbent

Liters 18.0 18.0
Total chlorine used

Grains 302.0 343.0
Total chlorine in products

of combustion Grains 23.2 21.0
Chlorine required for the re-

moval of H,S Grains 2.40 2.30
Chlorine required for the re-

moval of CS, Grains (1) 32.92 ** 24.28 **

(2) 16.46 12.14

Note:—(**) The chlorine required for the removal of
C,Sz was computed in two ways.(1) assumes a direct oxi@a-
tion in which 8 molecules of NaOCl are required to oxidize
one molecule of CS,. (2) assumes the chlorination of CS,
to give CCl, and SO,
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An exact accounting of all the chlorine used cannot pe
rendered because of the unstable nature of hypochlorite
solutions. It is striking, however, that the chlorine carrieg
over with the purified gas approximates that required t,
convert the carbon disulphide removed into carbontetrach.
loride according to assumption (2). The percentage of
sulphur removed in this gas having a high sulphur content
is decidely less than that obtained in .the previous runs.

The next problem was to determine the nature of the
combination in which the chlorine escaped from the tower
with the gas. Carburetted water gas was passed through
the tower at the normal rate of 0.75 cubic feet per hour,
From the tower this gas was passed through two bottleg
containing starch iodide solution. The first was alkaline
with sodium hyproxide and the second acid with acetic
acid. After the passage of two cubic feet of gas no color
change had occurred in either bottle, showing the absence
of free chlorine. If any hypochoraus acid had been present,
the solution of starch iodide acid with acetic acid would
have shown its presence. From this test it was concluded
that the chlorine was in the form of a fairly stable com-
pound.

In order to eliminate all other possible reactions, it was
decided to pass the carbon disulphide through the tower
with pure hydrogen, on which the hypochlorite would have
no action. Pure hydrogen was allowed to take up C8, by
passing it over a small amount of the liquid in a bottle,
after which the mixture passed through the tower and was
burned in the total sulphur apparatus. The products of
combustion were passed through a 5% solution of potas-
simum carbonate. When this solution was acidified and
treated with silver nitrate, a heavy precipitate of silver
chloride was formed, showing the presence of a consider-
able quantity of chlorine in the products of combustion.

This same mixture of hydrogen and carbon disulphide
after leaving the tower was passed through an aqueous
caustic potash solution before being burned in the sulphur
testing apparatus. When this solution was acidified no
chlorine could be detected with silver nitrate. Thus no
free chlorine nor any hydrochloric acid were formed as the
hydrogen-carbon disulphide gas mixture passed through the
hypochlorite tower. These results therefore point strongly

to the fact that carbon disulphide is changed to carbon
tetrachloride by the hypochlorite.



Conclusions.

From the foregoing experiments it appears that the major
reactions taking place when sulphur compounds are removed
from manufactured gas by means of alkaline hypochlorite
solutions are as follows:—

(1) The small amount of hydrogen sulphide contained in
the gas used was oxidized to water and elemental sulphur,
the chlorine of the hypochlorite going to sodium chloride,
The elemental sulphur is slowly dissolved in the sodium
hydroxide of the alkaline hypochlorite solution.

(2) Alkaline hypochlorite may react with carbon dis-
ulphide to some extent to form a carbonate and a sulphate
as stated by Ritsema,* but in addition to this reaction,
carbon disulphide also reacts with hypochlorite to form
?rbon tetrachloride and possibly a small amount of chloro-

orm.

(3) The carbon dioxide is quite completely removed by
the caustic in the hypochlorite solution. Unless the hypo-
chlorite solution is maintained in an alkaline condition,
carbon dioxide will liberate hypochloraus acid from the
hypochlorite solution.

(4) The unsaturated hydrocarbons of the formula C.H,,
nay react with NaOCl by breaking the double bond and
forming mono-or dichlor additions compounds.

(5) Hypochlorite will have no action on carbon monoxide,
hydrogen, oxygen, or nitrogen in the gas.

(6) The objection to the use of hypochlorites for the re-
moval of organic sulphur compounds from manufactured
gas by this method is the introduction of chlorine compounds
into the gas. Upon combustion, the chlorine compounds
are disseminated into the atmosphere.

Chgmical Engineering Dept.,
University of Wisconsin.

\
*Ritsema, Chemiker Centralbladt, 1904. ii 1495.
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THE DEZINCIFICATION OF BRASS.!
By Rarpu B. Asrams?

ABSTRACT.

Experiments are recorded, the results of which indicate that
the mechanism of dezincification appears to be as follows: The
first step is the dissolving of the brass as a whole. The copper in
solution then redeposits replacing brass as a unit. This redeposi-
tion will not take place unless there is some means of holding the
dissolved copper in contact with the brass. This can be accom-
plished in two ways, one by the presence of a membrane, the
other by having a large excess of dissolved copper present.
Obviously this latter possibility is a remote one, especially so far
as natural conditions are concerned. The membrane may be any-
thing whatsoever, so long as it performs the function of keeping
the dissolved copper in contact with the brass. Whether or not
dezincification shall take place can be controlled by merely supply-
ing or taking away the membrane. Briefly then, the dezincifica-
tion of brass is the dissolving of the brass as a whole, the holding
of the dissolved copper in contact with the brass by a membrane,
and the subsequent redeposition of the copper.

The subject of the dezincification of brass has been one of cur-
rent interest for many years to students of the corrosion of non-
ferrous alloys. This corrosion has been studied from almost every
conceivable point of view, in an effort to throw light on its actual
mechanism. Dezincified brass is commonly understood to mean
brass which, after undergoing service for a period of years, has
so disintegrated under the influence of sea water that only a

* Manuscript received July 7, 1922,

? Senior in Chemical Eng. Univ. of Wisconsin.
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porous mass of seemingly metallic copper with a brasg colored
coating on the surface remains. It is really brass minus the zine
and minus those physical qualities which make brass valuable, This,
product of corrosion is weak, brittle, and fails under the slightest
stress.

In using the word “dezincification” in this paper, it is to be
understood to mean brass which has undergone the corrosion
above described, regardless of what the actual process of this cor-
rosion has been. The question of dezincification has been one of
vital import to users of brass condenser tubes and other brass parts
which are subject to the action of sea water. It was perhaps the
distress of the maritime users of brass that spurred the efforts of
men of science to find the real cause of this action. As has been
said, the question has been attacked from all sides. It may prove
interesting to review a few of the more prominent ideas advanced,
Mr. Arnold Philip, admiralty chemist, Portsmouth,® believes in
the existence of “minute zinc-copper couples, functioning as small
electrical cells, all over the surface of the brass.” He called atten-
tion not only to molecular couples of copper and zinc, but also to
molecular couples of compounds of copper and zinc. The action
of such couples results, he believes, in the dissolving out of zinc
and leaving copper behind.

Mr. Samuel Whyte and Dr. Desch concur in the idea of a
couple action between the alpha and beta constituents of brass.
Their idea agrees well with the statement by Mr. Rawdon.*

“The preferential attack of the beta phase is to be attributed to
its higher zinc content, which renders it more electro-positive than
the copper-rich alpha constituent. When an electrolyte is present,
electrolysis occurs either by means of the application of an
external e. m. f., by contact with some metal that is less electro-
positive than the alloy, or by reason of the electrochemical differ-
ence in potential between the alpha and beta phases. The beta is
always attacked first; its zinc largely passes into solution leaving
behind the porous copper masses occupying the spaces initially
filled with the bets matrix. This type of corrosion may be
regarded as electrolytic leaching out of zinc.”

® Journal of the Faraday Society, 1915, p. 244,
* Tech. Paper No. 103. Bureau of Standards.
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A different opinion is presented by Dr. Bengough and Dr. Hud-
son in the fourth report of the British Corrosion Committee of the
Institute of Metals.

“The provisional view of the present authors as regards 70:30
brass is that the normal action in ordinary types of neutral or
nearly neutral water is predominantly one of oxidation, and that
the action of couples if such exist is too seriously hampered to be
effective.. . . . . . It does not appear to the authorsabsolute -
ly certain, however, that any copper is left in sity when zinc
passes into solution; what a ppea rs to be left may really be
redeposited.”

An extract® of the fifth report by the same committee was pub-
lished a few months ago. In this, from a study of the corrosion
of copper, it is concluded as follows:

“Also that the first action of the corrosion is upon a thin oxidized
coating rather than upon the underlying metal. Now if a piece
of smooth copper be immersed in chloride solutions, the oxidized
surface gradually changes into an almost insoluble cuprous chlor-
ide (CuCl), which is ordinarily swept away by gravity or by
water currents, but which may adhere to the surface. In the lat-
ter case cuprous chloride becomes oxidized according to the reac-
tion

4CuCl 4+ O = Cu,0 + 2CuCl,

into cuprite crystals and the very corrosive soluble cupric chloride.
It is easily proved that cupric chloride is very corrosive to copper

CuCl, 4 Cu = 2CuC1

and the end product is where we started from. ‘Therefore the
reactions occur in cycles at spots underneath the gelatinous salts
permeable to oxygen in solution.

“Brass in chloride solution acts similarly. As noted before, the
first attack gives a layer of copper oxide, plus a little zinc oxide,
the zinc mainly going into solution as ZnCl,. The reactions on
the copper then proceed as outlined just above. If the insoluble
chlorides adhere to the surface, cupric chloride is formed. Cupric
chloride attacks zinc as well as copper,

CuCl, + Zn = Zn(Cl, 4 Cu

s
Chem. ang Met. Eng. Feb. 15, 1922. p. 305.
4
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with the formation of a soluble zinc chloride and the deposition of
crystalline or powdery copper.”

It was in view of this diversity of opinion and because of the
widespread interest in the problem that the present investigation
was undertaken.

The great difficulty in attempting to study the actual mechanism
of the so-called dezincification of brass is that under natura] condi-
tions the process requires several years. In the short time available
for these experiments, it was therefore impossible to reproduce
this corrosion by the mere immersion of brass in artificial sea
water. Hence the problem was to hasten the action without dis-
torting the results. Dilute hydrochloric acid presented itself ag
a probable agent to accomplish this. Corrosion by hydrochloric
acid ought to be the same as corrosion by sodium chloride except
that the discharge potential of hydrogen on brass from a hydro-
chloric acid solution is far below what it is from a sodium chlor-
ide solution. Therefore the action with hydrochloric acid should
proceed with greater velocity than with sodium chloride. If this
be the only difference in the performance of the two solutions, then
the substitution of hydrochloric acid for sodium chloride should
not affect the process of dezincification no matter what its mechan-
ism is. This was tested by experiment. It will be well to mention
here that the brass strips used in all the following experiments
were about one millimeter in thickness, ‘weighed 0.35 gram per

square centimeter of area, and had a total weight of about 10
grams,

Experiment 1

Five brass strips were submerged in separate tumblers of nor-
mal hydrochloric acid and covered with glass plates to prevent
evaporation. After four weeks the specimens were examined.

Result: In every case when the sample was removed from the
hydrochloric acid, the acid not only showed no trace of the char-
acteristic blue color of a copper salt in solution, but it was per-
fectly clear and colorless. The brass itself showed no sign of cor-
rosion on the surface, except for the appearance of a few small
particles of crystalline copper. Tthe specimens were brittle and
could be broken by the fingers with ease. Beneath a brass colored
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surface the specimens were found to consist entirely of copper. In
those cases where the corrosion had not gone to completion, there
was a layer of brass at the center with layers of copper on either
side. In two samples where the corrosion had gone completely
through the thickness of the brass, instead of finding one con-
tinuous mass of copper, there were two distinct layers of copper
which could easily be pulled apart. The surface between them
was smooth and flat.

From the above result, the effect of dilute hydrochloric acid in
producing dezincification can not be doubted. With this agent at
hand with which the problem can be attacked, a systematic study
of it can now be attempted. The first question is to show whether
this phenomenon is a leaching out of the zinc or whether it must
be explained by another theory.

Experiment 2.

Brass strips were submerged in normal hydrochloric acid. The
solution was agitated by bubbling air through it.

Result: At the end of 26 hours the samples were completely
dissolved. 'This experiment was repeated four times with the
same result.

Experiment 3.

Brass strips were again placed in normal hydrochloric acid.
This time a mechanical stirrer was used to keep the acid in
motion. In this case no air came in contact with the specimens.

Result: The brass again corroded uniformly, both the copper
and the zinc dissolving. There was no dezincification. The
action was slower in this case than in Experiment 2. In 240 hours
approximately 10 grams dissolved. The hydrochloric acid in this
experiment was replaced with a fresh solution every 24 hours to
prevent an accumulation of dissolved copper. Upon repetition,
this experiment yielded the same results.

In Experiment 1, it was seen that if the brass were undisturbed,
dezincification took place. In Experiments 2 and 3, with stirring,
corrosion was complete, that is, both the copper and the zinc dis-
solved. If this process of dezincification were one of the selec-
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tive corrosion of brass, the stirring of the solution would have pq
more effect than to aid the action. Why then is the dezincification
stopped? Tt must be because the brass is first corroded as
whole and then the copper redeposited. By stirring, the copper
was prevented from redepositing, by being washed away as sogp
as it dissolved. The action in both experiments was the same,
The circulation of the solution in both cases hastened the corro-
sion and prevented the dissolved copper from coming in contact
with the brass. It was to prevent an accumulation of the copper
that the solutions were renewed daily.,

The increased rate of corrosion in Experiment 2 over that in
Experiment 3 is accounted for by the fact that the oxygen acts as
a depolarizer, removing the hydrogen and hastening the action,
Another circumstance which favors the view that the copper has
been redeposited is that in Experiment 1 two distinct layers of
copper were formed instead of one continuous mass.  If the
action had been a mere leaching out of zinc, this could not be
explained. But if the action is considered as one of redeposition,
it can easily be seen that the deposition of copper on both sides of
the strip would leave two distinct sheets of copper when all the
brass between was dissolved.

The action of dezincification can thus far be described as, first,
the solution of the brass as a whole, putting the copper and zinc
into solution and then the redeposition of the copper replacing
the brass not the zinc alone. It is significant in this connection
to note the following facts which have long been known. The
potential of amalgamated zinc in acid solution is practically that
of zinc. When amalgamated zinc is corroded by acids only zinc
dissolves—a case of true dezincification. The potential of the
alloy, amalgamated zinc, is that of the substance which goes into
solution, the zinc. So, the potential of brass must be that of the
substance which dissolves. The potential of brass is, however,
very close to that of copper.

The point to be emphasized here, therefore, is that it is not the
zinc which gives the potential to the brass, as the zinc does in the
amalgam, nor is it the copper, but the substance—brass itself—
acts as a separate entity with a potential of its own, capable of
being replaced as a unit. Now ordinarily when copper is pre:
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cipitated from solution by zinc, the action is so rapid that the
deposit is the usual black spongy one. The difference in potential
between the copper and the brass is so small that the action is
very slow, so that the copper has the chance to deposit in the
bright metallic form in which it is found.

In order to secure reasonably rapid corrosion without the use
of acids, brass was used as anode with a very feeble current in
different neutral solutions.

Experiment 4.
A brass strip was used as an anode in a 3 percent solution of
potassium sulphate with a carbon cathode. The current density
was 0.25 ampere per square foot. The time allowed was ten days.

Result:  The brass strip was completely corroded. The cop-
per was deposited at the cathode while the zinc formed a precipi-
tate of zinc hydrate in the solution. The experiment was repeated
with the same results.

Experiment 5.

A brass strip was used as an anode in a 3 percent sodium
chloride solution with a carbon cathode. The current density was
025 ampere per square foot. The time of electrolysis was 14
days.

Result: In this case, only copper was left at the anode. Again
the copper left was in the form of two thin sheets which could
be pulled apart as in Experiment 1. At the cathode some copper
deposited and there was a precipitate of zinc hydrate in the solu-
tion. The experiment was repeated with the same results.

Experiment 6.

Experiment 5 was repeated except that the solution was circu-
lated by bubbling air through it.

Result: There was complete corrosion of the brass this time
with no deposit of copper on the anode. The result at the cathode
Wwas the same as in Experiment 5. This experiment was repeated
with the same results.

~ The results of these experiments are very significant. It is
found in Experiment 4 that brass corrodes as a whole when used
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as an anode in sulphate solution; also in Experiment 6 the brass
corrodes completely in chloride solution. In Experiment § an
apparent dezincification takes place. It must nevertheless be cop-
cluded from this that, when brass acts as a soluble anode, both the
copper and zinc dissolve in their respective proportions. Experi-
ment 5 is not, as it may seem at first glance, contrary to this hy-
pothesis. It is noted that some copper was deposited on the
cathode during the action, which means that, for some reason, the
rest of it was prevented from getting away from the anode,

It is evident at least from this that there is a tendency for the
brass to dissolve as a whole although some factor intervenes, The
fact too, that two strips of copper, with a smooth surface between
them, were found again indicated clearly that the copper remain-
ing was redeposited (as in Experiment 1) and could not have
been left behind as the result of selective electrolytic corrosion in
Experiment 5. It is evident that the circulation in Experiment 6
prevents this. In other words the corrosion in Experiment 5
would have proceeded as in Experiment 6, had not something in-
tervened to keep the copper formed directly in contact with the
brass so as to cause re-deposition. Just what happened will be
investigated presently. It is sufficient for the present to have
shown that brass acts as a soluble anode in chloride and sulphate
solutions. (

Admitting then that brass is a soluble anode, if the copper which
dissolves at the anode be kept in contact with or away from that
anode at the will of the experimenter, it is possible to control
whether or not dezincification shall take place. With this in mind
Experiment 5 can be explained. A membrane of insoluble cuprous
chloride which formed on the brass, kept most of the dissolved
copper in contact with the brass thereby causing redeposition. In
Experiment 6 when the air was blown through the solution, any
cuprous chloride which tended to form would immediately be
oxidized to cupric chloride and washed away. If it was an insolu-
ble membrane of cuprous chloride which performed the function
of keeping the solution of the copper salt in contact with the brass,
then if an electrolyte is used in which the cuprous chloride is
soluble, the formation of such a membrane should be prevented
and complete corrosion should result. Two such solutions were
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employed—concentrated hydrochloric acid and a saturated solution
of sodium chloride.

Experiment 7.

A brass strip was used as anode in a solution of concentrated
hydrochloric acid. Melted paraffin was poured on the surface of
the electrolyte to prevent evaporation and water-line corrosion.
The cathode was carbon. The current density was 0.25 ampere
per square foot. The time of action was 10 days.

Result: 'The brass was completely corroded.

Experiment 8.

Experiment 7 was repeated except that a saturated solution of

sodium chloride was used instead of hydrochloric acid. The time
was 15 days. '

Result: Again there was complete corrosion of the brass.

It is obvious from the results that the assumption made was
correct. Since the vessels were sealed with paraffin, there was no
chance for the air to have any effect. The result was apparently
due to the fact that cuprous chloride is soluble in strong chloride
solutions, so that there was no membrane present to keep the dis-
solved copper in contact with the brass. If the dezincification is
due to the presence of a membrane, when another membrane
instead of cuprous chloride is supplied, then redeposition of copper
should again take place.

Experiment 9.

Brass screws were used as anode. They were screwed into
white pine saturated with concentrated hydrochloric acid. The
wood was used to act as a membrane; the concentrated hydro-
chloric acid was used as electrolyte to dissolve any cuprous chlor-
ide which may have been formed. A carbon cathode was used.
The current density was 0.25 ampere per square foot. The sur-
face exposed to air was paraffined to prevent evaporation. The
time allowed was 25 days.

Results: The screws were found to be copper with a core of
brass in the center, which had not yet been attacked. There was
N0 copper at the cathode.
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Experiment 10.

A brass strip was wrapped tightly with several layers of filter
paper and cheese cloth and bound with string. This was done to
have a membrane with which to keep the copper in contact with
the brass. This strip was used as anode, and a carbon rod for
cathode in a concentrated solution of sodium chloride. The cur-
rent density was 0.25 ampere per square foot. The time was 21
days.

Result: When the strip was examined, the lower half was
found to consist entirely of copper, while the remainder had nt-
yet been attacked. Much of the copper from the brass was not
held by the improvised membrane, but was deposited on the
cathode. The copper left behind was again found in the form of
two thin sheets.

These experiments substantiate the contention that, for dezinci-
fication to occur, a membrane of some sort, no matter what, is
necessary to keep the copper in contact with the brass. In Experi-
ment 4 it has already been seen that brass is completely soluble
when used as an anode in potassium sulphate solution. Now if
the results of Experiments 9 and 10 are true, then by merely
enclosing the brass in a membrane, dezincification should occur.

Experiment 11.

A brass strip, wrapped as in Experiment 10, was used as anode
in a 3 percent potassium sulphate solution as electrolyte with a
carbon cathode. The surface of the solution was paraffined as

usual. The current density was 0.25 ampere per square foot. The
time was 16 days.

Result: The strip when removed had a brassy color on the
outside, but it was found to be solid copper. This experiment was
repeated twice with the same results.

Experiment 12,

An unwrapped brass strip was corroded as anode in a 5 percent
zinc sulphate solution. The surface of the liquid was covered
with paraffin. The current density was 0.25 ampere per square
foot. The time of corrosion was 20 days.
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Result: 'The brass corroded uniformly as a whole, with no
signs of a copper deposit.

Experiment 13.

A brass strip was treated the same as in Fxperiment 12 except
that it was bound with filter paper, cheese cloth and string to give
a membrane effect.

Result: The metal remaining at the anode in this experiment
was copper and some of the brass which had not been corroded.

Experiments 4 and 12 show that brass is completely corroded
when used as an anode in potassium sulphate and zinc sulphate
solutions. From Experiments 11 and 13, it appears that the
membrane, by keeping the dissolved copper in contact with the
brass caused redeposition of copper. Whether the membrane be
cuprous chloride, or one artificially supplied, its function is the
same, and it produces the same result—dezincification. In general,
dezincification may be expected whenever the brass is so wrapped

that the dissolved copper is kept in contact with it long enough
to redeposit.

It is worth noting that if the only purpose of the membrane is
to keep a supply of dissolved copper at the brass, then as long as
there is a plentiful supply of copper in solution, no membrane
should be necessary to produce redeposition. In previous experi-
ments, electrolysis of unwrapped brass in sulphate solutions has
never resulted in dezincification.

Experiment 14.

A strip of brass was used as anode in a 10 percent copper sul-

phate solution. A current density of 0.25 ampere per square foot
Wwas used for 14 days.

Result: Pure copper was left at the anode. This experiment
Was repeated twice with the same results.

Experiment 15.

Strips of brass were placed in separate solutions of cuprous and
cupric chlorides for 14 days and allowed to corrode chemically.

Result: Only copper remained which again was in the form
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of two sheets that could be pulled apart. The quality of the copper
in this case was as tough and ductile as any copper plate obtained
from an electroplating bath.

From these last two experiments, it is seen that as long as there
is a plentiful supply of dissolved copper present, redeposition of
the copper is obtained in spite of the fact that a sulphate solution
is used. This bears out the theory that the function of the mem-
brane is to keep the copper in contact with the brass.

SUMMARY,

The so-called dezincification can be reproduced in a few weeks
in normal hydrochloric acid just as it occurs in nature in several
years.

When the acid is agitated, it is seen that the brass dissolves as
a whole.

The two layers of copper found in dezincified brass, can only be
explained on the basis of re-deposition.

When used as anode, brass dissolves as a whole in sulphate
solutions and in agitated chloride solutions.

When an insoluble membrane of cuprous chloride was allowed
to form dezincification took place.

In an electrolyte in which cuprous chloride is soluble, such as
concentrated hydrochloric acid or saturated sodium chloride solu-
tion, dezincification does not take place.

If another membrane is supplied in electrolytes in which
cuprous chloride is soluble, then dezincification again takes place.

An artificial membrane is sufficient to cause redeposition of
copper in sulphate solutions which ordinarily give complete corro-
sion.

Finally it was observed that when an adequate supply of dis-
solved copper was maintained, by using a solution of a copper
salt as electrolyte, dezincification was obtained without any mem-
brane whatever.

This investigation was undertaken at the suggestion of Dr. O.
P. Watts to whom the author is indebted for many valuable sug-
gestions in the course of these experiments.

Chemical Engineering Laboratories,
University of Wisconsin.
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DISCUSSION.

F. S. WErsEr': The author does not mention either the compo-
sition or the physical condition of the brass used in his experi-
ments. It is important to know its analysis, also whether it was
hard or annealed, as I believe that the results may be dependent,
to some extent, upon the composition and condition of the metal.

Couin G. Fink?: No doubt brasses containing lead would
behave differently in a sulphuric acid solution; likewise brasses
containing a little tin would behave differently in nitric acid.
You would get a different surface film under these conditions.

G. D. BEncoucH and R. May® (Communicated) : The present
writers welcome heartily this paper and find themselves in agree-
ment with most of the conclusions reached. For some years they
have held the view that certain types of brass behaved as entities
in initial corrosive action; i. e., that zinc-copper units took part in
the action as a whole, and that copper was redeposited from solu-
tion. In the fifth report to the Corrosion Research Committee
of the Institute of Metals (Journ. Inst. of Metals, 1920, 23,
No. 1) will be found some experiments carried out with cupric
chloride solutions which gave results closely similar to those
described by Mr. Abrams. The writers are also in agreement
with the conception of the influence of membranes outlined in
the paper. An interesting example of this is that a trace of
arsenic in brass (say 0.04 percent) will greatly hamper so-
called dezincification in sample, by forming a closely adherent
layer of (probably) metallic arsenic or copper arsenide on the
brass, upon which copper will not deposit; in this case the mem-
brane hampers deposition of copper owing to its closely adherent
and other characteristics, instead of encouraging it as in the
case of Mr. Abrams’ membranes, which were either loosely
adherent or porous, and able to prevent diffusion away from
the brass. In ordinary corrosion in sea water there is no doubt
that the necessary conditions for deposition of copper are pro-
duced by the presence in the brass of a certain type of zinc

1 Waterbury, Conn.

* Consulting Electrometallurgist, New York City.
3 London, England.
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oxy-salt, the mode of production and composition of which have
recently been the subject of detailed investigation by the writers,
whose results will be published shortly. They have little doubt
that the main thesis of the authors, namely, that brass may be-
have as an entity when corroded, and that the resulting copper
is redeposited, of which they have been long convinced, will, in
course of time, come to be regarded as correct, in spite of almost
universal rejection at the present time.

The writers do not regard the initial action of sodium chloride
on brass as being the discharge of hydrogen on the brass, A
report to the Corrosion Research Committee of the Institute of
Metals (Sept. 20, 1922) fully discusses the initial corrosive ac-
tion of sodium chloride and other solutions on brass and other
metals.

O. P. Warrst (Communicated) : According to some investi-
gators, dezincification is the result of a mere leaching out of
zinc; others consider that a portion, at least, of the copper found
in dezincified brass has been redeposited. Mr. Abrams has
shown clearly and unmistakably the mechanism of dezincification,
and has pointed out the conditions under which this dangerous
form of corrosion will occur. It should now be possible, by
laboratory tests such as he used, to learn whether any addition
can be made to brass that will render it immune to this type of
corrosion, or whether some zinc-free alloy must be employed for
service where brass is now subject to destruction in this manner.

It is probably thought by most people that dezincification of
brass concerns only the makers and users of condenser tubes
and a few other articles with which the average man seldom
or never comes in contact. The following recital of my personal
experiences shows that this is not so, but that dezincification is
of very common occurrence, and may not only be annoying, but
even dangerous, to those who sail on salt water in small boats.
My experience is with the corrosion of brass and “bronze” fit-
tings on a small auxiliary yacht, which has contributed greatly
to my joys, and occasionally to my sorrows, during the past ten
years.

The first year no corrosion was apparent, but the second sum-

¢ Assoc, Prof. of Chem. Eng., Univ. of Wisconsin, Madison, Wis.



THE DEZINCIFICATION OF BRASS. 53

mer a friend and I had been cruising less than a week on the
Maine coast when a leak developed between the head and body
of a bronze pump that supplies sea water to the toilet. On
attempting to tighten the brass screws which hold these parts
together, the screws were twisted off. Dezincification had taken

place where the screws passed through a leather valve, which
was, of course, always damp.

The following year another case of dezincification was en-
countered. To fasten the bronze terminal of a water inlet pipe
against the inside of the hull below the water line, the builder
had ordered four }4-inch bronze bolts. Observing a slight leak
between this plate and the hull, I attempted to tighten the bolts;
they at once twisted off because of dezincification. They were
replaced by bolts turned to size from I4-inch monel rod.

The next encounter with dezincification was in the bronze lag
screws which held the stuffing box on the propeller shaft against
the stern post. When backing slowly from a dock the propeller
struck an obstruction—not hard enough to bend the blades—
yet the shock broke off both lag screws and a stream of water
began to run in, so that the yacht had to be hauled alongside
a wharf where she would be aground at low tide, in order to
prevent her from sinking during the night. This meant a day’s
delay in sailing. The fractured surfaces appeared to be copper
throughout. The lag screws had been in place eight years;
just what fraction of this time was required to convert the half-
inch bronze rod into copper, it is impossible to say from this
experience.

Corrosion of brass by sea water in motion is slow; but where
salt water is continually in contact with brass, and circulation
is prevented by paint or some other film pervious to water, or
the brass is imbedded in wood, so that the copper salts produced
by the initial corrosion of the brass are held in contact with the
metal, the rapid and deadly dezincification sets in.

The sheet brass used as purchased, had considerable springi-
ness, and was evidently not in the annealed state. The screws
were also tested as purchased, and probably contained the 2 to 214
percent of lead usually added to screw-machine stock. These
corroded in chloride solutions in the same manner as the sheet



54 DISCUSSION,

brass, and I have found that machine-made brass screws suffer
seriously from dezincification in sea water. It will be interesti
to test Dr. Fink’s prediction regarding the corrosion of lead-bear-
ing brass in sulphate solution, and this will be done in a continua-
tion of the study of dezincification which is now in progress.
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VOLUMES OF GASES OF VARIOUS HEATING VALUES
REQUIRED TO BOIL WATER IN KETTLES
OF VARIOUS SIZES

By O. L. Kowalke and L. E. Biemiller

This is a report on some tests made in 1922 by Mr.
Biemiller under the Fellowship in Gas Engineering estab-
lished by the Gas Section of the Wisconsin Utilities Asso-
ciation.

The purpose of the investigation was to determine what
would be the amount of gas used to bring a given weight
of water to a boil and then maintain the boiling temperature
for a period of 20 minutes in kettles of the same material
but of different sizes, and using gases of different heating
values. The period of twenty minutes was chosen because
it approximated the time required to boil potatoes.

Eq’uipment.

The Detroit Jewell gas stove used was donated by the
Madison Gas and Electric Company to whom grateful
acknowledgment is hereby made. The stove had four
burners of which only one was used. That burner was a
front top “radial” burner with eight wings having an over-
all diameter of practically six inches. There were 64 holes
In the burner each being the size of a No. 40 drill. The
orifice at the outlet of the gas cock on the burner was the
8ize of a No. 34 drill. The top of the grid supporting the
kettle was 114 inches above the top of the burner and all
tests were made under these conditions, so that the bottom
of the kettle was practically 11% inches above the burner.
_The gas consumed was measured by an American Meter

. wet test meter of 1/10 cu. ft. per revolution. The
g}gter was calibrated frequently.

The kettles used were of spun aluminum and to each a
tover was snugly fitted. A thermometer set in a rubber

Pper was inserted through a hole in the cover to indicate
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the temperature of the water. The dimensions of the

kettles are given in the table below and the shapes are
shown in Fig. 1.

SIZES OF KETTLES.
KETTLE NUMBER

1 2 3
Depth, inches __________. 4.5 o ___ 3.7 . ______ .75
Diameter, inches }
at top SR Y R 6.25 ________ 5.75
Diameter, inches }
at bottom - 6.5 . 475 ________ 3.75
Pounds waterused _._._ 2 ________ 2 1
Depth of water v s .
in kettle in inehes} L IR 1887 o 13¥

frovme- /-
Procedure.

Gases having heating values of 480, 503, 518, 562, and
610 B.t.u. per cu. ft. respectively were made by mixing
carburetted water gas with either Blau-gas or hydrogen ina
holder of 60 cu. ft. capacity. In each case the heating

Zalue was determined with a calorimeter of the Junker
ype.
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The air supply was adjusted for each of the qualities of
gases made so that there was just a faint luminous tip to
the flame. The size of the orifice on the cock was not
changed and the pressure on the line was kept constant by
weighting the holder.

To make a test the following procedure was observed.
A known weight of distilled water at 25 deg. Cent. was
placed in the kettle under test, the cover put on; the ther-
mometer was then inserted so that the bulb was completely
immersed in the water. With the burner cock wide open
and the gas lighted, the kettle was placed over the flame
and the time noted on a stop watch. When the temperature
of the water reached 99 deg. Cent. the time was again
noted on the stop watch. At this point the gas was turned
down until the flame was of a size sufficient to maintain
the water just at boiling. The water was maintained at
“at a boil” for 20 minutes, by the watch, during which time
the burner would probably have to be turned on or down.
Three tests of this character were made for each sample of
gas and with each kettle. The volume of gas used was noted
when the water had reached 99 deg. Cent. and also when
the 20-minute boiling period had elapsed.

From these data it is possible to compute the B. t. u.
used to bring the water to boiling, to maintain boiling for
20 minutes, and the sum of both portions. These results
are shown in Table 1.
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TABLE I.

The results are given in the following table, and each value sho,
here is the average of three determinations.

B. t. u. USED.

B. t.u KETTLE No. 1 KETTLE NoO. 2 KETTLE No. 3

of gas | —
used Heat | Boil | Total | Heat | Boil | Total | Heat | Boil | Toy

480 | 1035 | 698 | 1733 | 1063 | 445 | 1508 | 582 | 393 | 975
503 | 1027 | 731 | 1758 | 1033 | 459 | 1492 | 566 | 394 | 960
518 | 1021 | 728 | 1749 | 1017 442 | 1459 578 | 431 | 1009 |
562 | 1015 | 727 | 1742 | 1002 | 491 | 1493 @ 567 | 416 | 983
610 | 979 | 703 | 1682 | 986 | 445 | 1431 | 570 | 401 | 91

CUBIC FEET OF GAS USED.

,’ — ; :
B. t.u 1 KETTLE NoO. 1 KeTTLE No. 2 KETTLE No. 3

of gas | : }
used . | i . : .
Heat | Boil | Total | Heat : Boil Totali Heat | Boil | Total
| i

480 | 2.16 | 1.45 | 3.61 12.22 .93 |3.156 1.21| .82 |20
503 | 2.04|1.45|3.49 2,05 .91|2.96 1.131 .78 | 1.9
518 1 1.97 | 1.41 | 3.38 1 1.97 | .85/ 2.82 1.12 .83 | L%
562 | 1.81 [ 1.29 | 3.10 | 1.78 = .87 [ 2.65 1.01| .74 | LT
610  1.61 | 1.15|2.76 | 1.62| .73 2.85: .93 | .66 | 1.5

fieat = period of heating during which water is brought up to boil.
Boil = 20 minute period during which water is kept ‘‘just at a boil.”
Water used: Kettle No. 1 — 2 pounds.

Kettle No. 2 — 2 pounds.

Kettle No. 3 — 1 pound.



Discussion of Results.

It was possible to make fairly accurate measurements of
the volumes of gases required to bring the temperature of
the water to 99 deg. Cent. To measure accurately the
volumes of gases used to maintain the water “just at a boil”
is difficult and introduces a large personal equation, because
the burner cock did not permit fine adjustments. For
much of the work two observers took data and it is be-
lieved that the personal equation is reduced to a low figure.

From Table I. it may be seen that the B. t. u. to raise the
temperature of the water from 25 deg. Cent. to 99 deg. Cent.
is practically the same for all gases used with any given
kettle; to maintain the water in each kettle “just at the boil-
ing temperature” for 20 minutes required practically the
same B. t. u. for all gases with any given kettle. This
means that a greater volume of gas of 480 B. t. u. will be re-
quired to do the same work as a gas of 610 B. t. u. per
cu. ft. The volumes of gases are roughly inversely pro-
portional to the B. t. u. per cu. ft. as is shown in Graph 2.
This ratio holds for the gas consumed to bring the water
from 25 deg. Cent. to 99 deg. Cent. because here the opera-
tion of a calorimeter is roughly approximated. This ratio
does not hold for the gas consumed to maintain the water
just at boiling for 20 minutes as is shown in Graph 3. The

striking features of these results as shown in Graph 2 are
as follows :—

1. That the large kettle, No. 1, required much more gas
than the small kettle, No. 2, in which an equal weight
of water was heated. To heat two pounds of water
from 25 deg. Cent. to 99 deg. Cent. and to maintain it
at 99 deg. for 20 minutes required about 0.4 cu. ft.
more of any given gas for kettle No. 1 than for kettle
No. 2. Kettle No. 2 had a diameter at the bottom
almost identical with that of the outside ring of
burner holes.

2. To heat one pound of water in kettle No. 3 from 25
deg. Cent. to 99 deg. Cent. and to maintain it at 99
deg. Cent. for 20 minutes required more than one-
half the volume of gas used for the same operation
in kettle No. 2, where two pounds of water were
heated. For instance, with gas of 540 B. t. u. with
kettle No. 2 holding two pounds there were required
2.78 cu. ft. of gas; with kettle No. 3 holding only one
pound of water 1.84 cu. ft. of gas were used, or 1.3
times more than one-half the amount.

.
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In Graph 8, is shown the volumes of the various gases
usegl to maintain the temperature at 99 deg. Cent. for
periods of 20 minutes. The prominent features are:—

1. That the amount of gas used to perform this opera-
tion in kettle No. 1 with two pounds of water varies
from 0.6 cu. ft. to 0.56 cu. ft. more for gas of 610 to
480 B. t. u. than the amount required for kettle No. 2
with two pounds of water.

2. In spite of the fact that kettle No. 3 had only one
pound of water, yet to maintain the temperature of
this amount of water at 99 deg. Cent. required almost

as much gas as the same operation carried on in
kettle No. 2 with two pounds of water.
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The surface exposed in kettle No. 1 was the largest of
the three kettles employed; the diameter of the bage wag
slightly larger than the diameter of the circle inclosing the
openings in the burner top. Doubtless the heat radiateq
from the surface of kettle No. 1 was greater than that
radiated from kettle No. 2 and hence more gas was re.
quired to maintain the temperature of 99 deg. Cent. '

The diameter of kettle No. 3 at the bottom was much
smaller than the burner top. In this case the flames played
outside the bottom of the dish and did no effective work,
but much heat was wasted.

It would seem to follow from these tests that the most
effective use is made of the heat in gas when the base of
the kettle has a diameter about equal to the diameter of
the circle inclosing the holes in the burner.

Chemical Engineering Dept.,
University of Wisconsin.
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[FROM THE TRANSACTIONS OF THE AMERICAN ELECTROCHEMICAL SOCIETY,
Volume XLIN, 1922, being the Transactions of the Forty-second General Meeting,
at Montreal, Que., Canada, September 21, 22 and 23, 1922.}

Electroplated Zinc and the Diffusion of
Electrodeposits Into Zinc

WALTER G. TRAUB






A paper presented at the Forty-second
General Meeting of the American Electro-
chemical  Society held in Montreai,
September 21, 1922, President Schiueder-
berg in the Chair.

ELECTROPLATED ZINC AND THE DIFFUSION OF ELECTRO-
DEPOSITS INTO ZINC.!

By WaLter G. Traup?

ABSTRACT.

Experiments were made to determine the cause of the disap-
pearance of certain metals that had been deposited on zinc. The
results indicate that copper, brass, gold and silver are diffused into
zinc; whereas nickel, which does not diffuse into zinc, can be
used as a preventive against diffusion of other metals deposited

over it [A. D. S.]

Several instances have been reported where thin plates of metal
deposited electrolytically on zinc have disappeared after a few
months. This fact seems first to have been brought to the atten-
tion of C. F. Burgess, formerly head of the chemical engineering
department of the University of Wisconsin. In attempting to
gold-plate some articles made of aluminum, he first deposited a
coating of zinc, and then covered this with a deposit of gold. After
two or three months, the party for whom he did the plating called
his attention to the fact that the gold had disappeared entirely.

About a year ago, the Apollo Metal Works of La Salle, Iilinos,
Wwho electroplate sheet metals on a large scale, reported trouble
from the disappearance of brass and copper plate that had been
deposited on zinc.

The experiments which follow were undertaken to learn
Whether coatings of these particular metals are diffused into zinc,
or merely fall off, and in case of diffusion, what 