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INTRODUCTION

It hes 1long been reelized that minute quantities
of impurities present in the zinc sulphate solution
for the production of eleetrolytic zinc have a marked
effect on the current efficiency obtained during
electrolysis and on the properties of the zine sheet.
Before this fact wes recognized, the low current ef-
fieiency was accredited to the presence of free acid.
Much time and money were wasted in sttempts to neutral-
ize the acid as it formed. Since that time many inves-
tigators have shown the effects of single impurities.
In all cases the time-honored method of determining
current efficiency was used. The cathode was weigh-
ed before and after electrolysis, the difference in
weight being divided by the theoretical weight of zine
that should have been deposited by the quantity of
current passed. There is little fault to be found
wi th the'accuracy of this method. It will always be
the best measure of efficiency in practice. In the
laboratory, however, it would be ideal to have a method
which would show the operation of the eell at eny partic-
ular instant. So fer this has not been achieved, but
the hydrogen evolution method is the ¢closest epproach

to continuous observation and is worthy of investigation.,



CURRINT EFFICIENCY BY THE HYDROGEN EVOLUTION
METHOD

In the early part of thies work an attempt was
made to find some method other than the conventional
weight system for determining current efficiency.

This was done with the idea of getting more frequent
readings over shorter intervals of time than is pos-
gsible with the weight method. After several failures,
the method of Lee and Busbyiwas adopted.

The measurenent of current efficiency by hydrogen
evolution is based on the assumption that the portion
of the currént which devosits no zinc will release
hydrogen. This assumption is correct for solutions
containing no impurities electropositive to zinc.

The apparatus of Lee and Busby consisted of a
gas burette pnlaced over the cathode. To the lower
end of the burette was fixed an ordinary filter fun-
nel which served as the collecting bell for the hydro-
gen. The cell was made from an ordinary two liter
reagent bottle with the bottom removed., This was in-
verted and stoppered. A connection to the cathode was
made through the stopper. A grid was placed between
the anodes and cathode to prevent oxygen formed at the

anodes from entering the bell,



Although the apparatus that we used was basic-
ally the same as that of Lee and Busby, some improve-
ments in construction were made. The collecting bell
was made by cutting off the top portion of an eight
ounce druggist's bottle about three inches below the
neck. This was fastened to the burette with DeKhotinsky
cement, With a cathode 1.6 by 3.0 inches, a clearance
of about one inch on all sides of the cathode was
obtained. This made it possible to do away with the
grids and depend upon the anode to cathode distance to
keep oxygen out of the bell., 1In actual practice it
was found that the oxygen tended to rise vertically
until it reached the surface, where it turned to follow
a horizontal line until it escaped into the air. Since
the bottom of the bell was below the surface, it was
impossible for the oxygen to enter the bell. TFigure 1
gives some idea of the general construction df the ap-

paratus.
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In order that the hydrogen method could be
compared with the conventional, a second cell and
coulometer were connected in series with the hydrogen
cell., TLiter beakers were used as cells. Each cell
was provided with a thermometer. A thermometer was
also fastened to the side of the burette to give the
temperature of the hydrogen. Glass cooling coils
were used to maintain a,temperature of 20 degrees
centigrade in the cells. All cathodes were supported
on stout copper wires which were fastened to a board
on & ring stand. All voltmeter and current connections
were made at the upper ends of these wires, the cath-
odes being suspended on the lower ends by means of small
brass clips that were weighed as a part of the cathode.
This simplified the removal of the cathodes, as only
one connection had to be loosened in order to brezk
the circuit and remove the cathode. In this way the
cathode could be guickly removed and washed before the
acid clinging to it hadmuch chance to redissolve the
zinc. The cathode was dried in alcohol before weigh-
ing. A switch was installed on the instrument board
to short circuit the weight cell and coulometer so that
the hydrogen cell could be kept in operation during the

weighing period.
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Fig. 2:- Photograph of apparatus show
instrument board and cells,
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OPERATION DETAILS
Before each test electrolysis was allowed to

proceed for twenty minutes in order that the flach
sheet might form and the cell temperature be regulated.
The cathodes of the weight cell and coulometer were
then removed, washed, and dried. The burette of the
hydrogen cell was filled with electrolyte by means of

a rubber bulb to which was attached a splash bottle,
Time of filling was recorded. The cathodes of the weight
cell and coulometer were then weighed and replaced.
After one hour thev were again removed for weighing.
At the end of the second hour the third weighing was
made. This gave two one-hour readings for the weight
cell. The hydrogen cell was kept in continuous operation

all this time, When the hydrogen had reached the lover
part of the burette, say five cc. above the zero m rk,
the time, reading, and temperature of the hydrogen were
recorded, and the burette refilled. The time‘requt'ed
for the 5Ucc. burette to fill with gas was about thirty
minutes for the higher current efficiencies and fifteen
minutes for an efficiency necar 80%. Temperatures were

controlled at 20°¢ plus or minus 1°.

-l



The current density was maintained at 30 amperes
per square foot in the zinc cells and at 9.3 amperes
per square foot (0.01 aﬁperes / sq. cm.) in the
coulometer. TEach alﬁminum cathode had a total area
of 9.6 square inches, so that two amperes gave the
desired current density. A thin edge of De Khotinsky
cement was placed on each cathode to facilitate strip-
ing. The cathodes were striovped at the end of each

test and zinc oxide added to each
cell in amounts which would replace the zinc removed
by electrolysis. This also brought the acidity back

to the original figure.



No description of the wiring is necessary

other than to state that the two cells and coulo-
meter were connected in series. A double throw
switch made it possible to read the voltage across
either cell.

ELECTROLYTE
Zinc and acid concentrations of the electro-

lyte used in the experiments were approximately the
same as that used in the zine plant at Anaconda ard
contained 92.7 grams of free sulphuric acid and 48.2
'grams of zinc as the sulphate per liter. This is the
same concentration of acid and zinc that would be
obtained by the removal of 30.2 ampere hours of zinec
from a neutral solution containing 110 grams of zine
per liter. The removal of four more ampere héurs of
zinc from this solution will give a spent electrolyte
of 10% free acid. Actually this is a higher acid con-
tent than the average cell feed in the Anaconda plant.
It can be shown that in a cascade of six cells being

fed with solution containing 11C greams of zinc per
liter and spent electrolyfe maintained at 10% acid, the

average cell feed is closer to six percent acid. This

calculation will be found in the appendix.

-9-



CURRENT EFFICITNCY CAT.CULATION
There are several factors that must be known
before the volume of gas collected in the burette
can be converted to current efficiency. All of
these are easily measured or approximsted to the
necessary accuracy.

Vapor Pressure Correction

Since the vapor pressure of the electrolyte
will differ from that of pure water and is dif-
ficult to measure, an approximation must be made.
The vapor pressure curve for water was drawn. The
boiling point of the electrolyte was measured and
found to be 96 degrees centigrade at a barometric
pressure of 610 millimeters. The boiling point of
water at this pressure is 95° ¢, It was assumed
that the vapor pressure curve for the electrolyte
1s parallel to that for water, and & line was drawn
to comply with this assumption. In the lower regions
of the curve, the average difference in the vapor
pressures was found to be ten millimeters, the elect-
rolyte having the lower value, In all calculations
the vapor pressure used was the vapor pressure of
water minus ten millimeters. This was obviously a
poor method of approximation, but its best defense

is that it worked.

s { o



Correction for Electrolyte Left In Burette

The column of electrolyte remaining in the
burette when a reading is made tends to reduce the
pressure of the gas contained therein. The density
of this solution was cetermined by weighing 100 cc.
of it. To do away with the necessity of actually
measuring the height of the column each time a read-
ing is taken, the length of each burette division
can be measured. It is then.necessary to measure
only the distance ('h' in Fig. 1) from the surface
of the solution in the cell to the zero mark of
the burette. This is done at the time the first
reading is made and will remain constant until the
burette is disturbed. Finally, the barometric pPres=-
sure must be read for each day's operation.

Some of these factors can be combined to give
.constants which simplify the work, if a large numbe
of calculations is to be made. Of the two sample cal-
culations which appear in the appendix, the first gives
all the steps, and the second the simplified calcu-
lation by the use of constants.

In commercial practice it would be possi ble to
arrange the figures on & nomograph so that the cdl -
culations would be eliminated. This would mzke it

possible for an unskilled workman to run the tests.

-1l



THE EFFECT OF ANTIMONY

A standard solution of antimony sulphate contein-
ing 10 milligrams of antimony per 1liter was mede in
order to simplify the additions. It was necessary to
add 40 cc. of sulphuric acid to dissolve the required
emount of the salt. The additions were mede with a
pipette. Table I gives the results measured both by
hydrogen evolution and weight. These data are also
presented graphiecally in Fig. 3.

TABLE I
o Current Efficiency
Test Sb in mg./l.| By Hydrogen [ By Weight Temperature
> 0.00 93.7 93.6 239¢
2 0.02 92.4 2.3 21°¢
3 0.06 88.2 89.7 21°%¢
4 0.10 89.0 89.1 230¢
5 0.10 92,0 92.2 20°¢
6 0.20 *89,4 87.7 20°¢
7 0.50 8l.1 80.1 20°¢

The first four tests were made with no cooling

coils in the cells, which accounts for the fluctustion
in temperature.

*For this test it was impossible to read the bar-
ometer at the laboratory, and the atmospherie pressure
was calculated to the elevation of the school from the
barometer at the airport. If this reading is exeluded,
the averages will be 89.37 for the hydrogen, and 89.5
for the conventional method.

Data to supplement the abovewill be found in
table IV of the Appendix.

s12«
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THE EFFECT OF COBALT

The additions of antimony were terminated at 0.50
milligrams per liter to test the effeect of the
addition of cobalt to an electrolyte containing this
concen tration of antimony. The standerd cobslt sol-
ution contained 100 milligrems of cobalt per liter and
was prepared from cobalt sulphate and distilled water.
The additions were made in the same menner as the antim-
ony additions. Table II gives the results measured by
hydrogen evolution and weight. All cell temperatures

ig these tests were meinteined at 20°C plus end minus
1°C.

TABIE II
Test Sb mg./1l.| Co mg./1. Current Lfficiency
: By Hydrogen By Weight

7 0.50 0.00 81.1 80.1
8 0.50 0.20 * 91.9
9 0.50 0.60 93.3 93.0
10 0.50 1.00 92.3 92.3
11 0.50 2.00 91.7 92.3
12 0.50 5.00 : 91.2 92.3
13 0.50 8.00 92.3 92,5

*On this occasion the burette was leesking and
the reedings had no value.

Data to supplement the above will be found in
teable IV of the Appendix,

14%
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SUMMARY

1. The hydrogen method was investigated by
determining current efficiencies for a number of
solutions containing antimony and cobalt, The
method was found to give an average discrepancy
of 0.57 when compared with the weight method. The
greatest difference was 1.5 per cent. Part of this
discrepancy is due to the fagt that the hydrogen
cell was keot in continuous operation, and the weight
cell was stopped in order that the cathode could be
weighed. This resulted in a higher acidity in the
spent electrolyte of the hydrogen cell,

2. The effects of antimony in concentrations
up to 0.50 milligrams per liter were determined.
Investigations above this concentration have been
made by Rontgen and Buchkremer? angd by Ellsworth$,

It can be seen from table IV of the appendix
that the current efficiency declines rapidly with
time in the impure solutions, but is fairly con-
stant for the pure electrolyte. The figures for
£est numbers one and two demongtrate the fact that
longer readings are much more accurate than the

fifteen minute readings.



5. The beneficial effect of cobalt additions
to an electrolyte is shown in tables II and IV.
Although the current efficiency was raised from
- 80% to 93% by the addition of 0.6C milligranms,
the efficiency showed a marked tendency to decline
with time, as shown by the hydrogen readings in
test 12 of table IV,

SUGGESTIONS FOR FUTURE
STUDY

1. Part three of the summary at once suggests
that a study of the decay of efficiency in solutions
containing one impurity which has been neutralized
by another would be of interest and that the hydrogen
method is adaptable to an investigation of this kind.

2. As litile information on the effect of
germanium is available, a complete investigation of
this impurity would be of value. This should include
the single effect and the effect of other impuritie s
as well as the time consideration.

3. The effect of temperature of impure solutions
would be interesting from a theoretical stardpoint in
order that the existing laboratory data could be better

correlated with plant practice.

-17-
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CAICULATTON OF AVIRACGE TANK HOUSE ¥WEED

In commercial practice at the Anaconda Zine Plant
the cells are operated in cascades of six. Tresh sol-
ution containing 110 grams of zi nc per liter and no
free acid is fed into the head cell of each cascade.
The spent electrolyte from this cell flows to the
next, where more fresh solution is added to keep the
acidity from building up too high. This means theat
except for the first cell the feed is made up of
fresh electrolyte plus the discharge of the previous
cell. The amount of new feed entering the cascade is

regulated to give a spent electrolyte of about ten per-
cent acid at the last cell.

Assume that a cascade is so adjusted that the
discharge of each cell is ten percent acid. The
amount of fresh feed entering each tank will then
be one liter for a given period of time. From these as-

sumptions the data on page nineteen may be assembled.

-18-



ELL

#1

42

#3

#4

#5

CAICULATION OF AVERAGE FEED IN A

CASCADE
FOED ACID VOLUM® WEED % Acid in Feed
grams/liter liters
0 e 0
100 2 5.0%
200 ) 6.6
300 4 iy D
400 5, 850
500 6 85
Average feed for entire cascade 5.9%
Average discharge 10.0%
Average in tanks 8.0%

Since each gram of zinc deposited results in the

generation of 1.5 grams of acid, the average feed will

contain 110- (59X%2)

= 70.7 grams zinc.

In the above calculation it is assumed that the

fresh feed entering each cell is one liter for a

given unit of time.

19~



In calculations made on actuzl plant data with

corrections applied for the volume of fresh feed

entering each tank,

obtained.

the followingz figures were

TABLE III
Cascade Discharge Acidity Average Teed Averag e
Being Maintained in Tanks
Desired Actual
Av. of 12.5% 12.2% 7.0 936
25 & 24
Unit 4
23
Unit 1 10.5 L1230 5.0 8.0
Theoret- 10.0 S5 9 8.0
ical

w20




CURRENT EFFICIENCY CAT.CULATIONS

The following data were obtained from testlO:

.Time Burnette Volume Temperature.
Reading
15 1.4 52,7cec 21.6%¢
15 1.8 52.5¢cc 21.5%

Barometric pressure: 615.0 mm. Current - 2 amnps.
zero to surface of electrolyte ('h' in Pig. 1,) 6.4 cm.
Hach division on Burette is 1.1 centimeter.

The volume is found by subtracting the reading
from 54.1, since the burette was inverted, and there
was & volume of 4.1 cc. between the top reading and
the pet cock.

Temperatures refer to hydrogen and not to that
of the electrolyte.

Other data necessary:

Deriglily ol ielectrolytel s i ioene s T T 69
Density Of MerCUTY...c.vvetiirniecencnoansss 3,54

CALCULATIONS

1. Convert height of solution in hurette to
millimeters of mercury:

(1.4 X1.146.4 ) X1.169 X 10 = 6.9 mm.
13,54

Vapor pressure of water at 21.6° C..19.3mn.
Vapor pressure of solution 21.6° C.. 9.3mm.

Pressure inside burette:
615.0 - 6.9 - 9-3 -~ 598.81nm-

2. Volume of hydrogen per ampere hHours,  S.T.P.
Vo lit b2 T X 30 X 59858 V. XL oy 2 s nuiaia s

15 760 294.6
One ampere hour of hydrogen is equal to 417.5 cec,

3. Loss of current efficiency =_77.0 X 100 = 18.47%
417.5
Current efficiency = 100 - 18,4 = 81,6%

-21-



Simplified calculation of second readins:

( 1.8 X 1.1%4-6.4 ) X 0.861*% = 7.2 mm of Hg

Vapor pressure correction Ped ANiini B
615.0 minus 16.4 = 598.6 mm Hg
C. E. = 100 - ( 52.5 X 598.6 X 30 X 0.0861%)

Q
=
1

: 81. 7%

Constants in above calculation are marked with
an asterick.

CURRENT EFFICIENCY BY WEIGHT METHOD
(Simplified Calculation)

Since the valence numbers of copper and zinc are
both two, faradays of current should deposit 63.57
grams of copper and 65.37 grams of zinc.

From test ten:

Wt. Copper deposited 2.,7594 grams

Wt. Zinc deposited = 2.2373 grams

C. E. = 2,237 X 97.23 = 79.0%
24759

The factor 97.23 is obtained by dividing the
molecular weight of copper by that of zine and
multiplying by 100%.

-22-



TABLE IV

The data in tables I and II are the averages
of several readings. In order theat the complete data
maey be available, these readings are presented in the

following table.

TABLE IV
Test| Mg. | Ng. HYDROGEN | METHOD WEIGHT
Sb Co Time in Gizls Timeein|c o0,
Per | Per Min. % Min. %
Liter |Liter
lg| © 0 15 88.7 60 89.3
15 89.5 60 91.2
15 89.5 :
15 92,0
15 91.2
15 91.5
30 93,5
2 0 0 33 93,8 60 93.3
29 93,6 60 94.0
31 93.5
30 93,1
3 0 0 65 94,0
4 d.02 0 60 92.8
5 [0.02 0 33 93,0 60 92,3
29 91.8
6 |0.06 0 24 89,2 54 89.4
23 88.5 48 89.9
22 87.9
21 87.0
7 (0.10 0 23 89.1 61 89.1
26 89.1
23 89.0
22 83.9
8.(0.10 0 35 92.8 60 91.6
31 89.1 63 93,7
31 92.9
30~ 92.8
26 92.7




TABLE IV

(Cont'd)

éest

Mg. Mg HYDROGEN METHOD WEIGHT
Sb Co Time in Ce E. |Time in| C. E,
per per Min. % Min. 7,
liter| liter
9 0.20 0 26 90.4 45 87.8
P 88.9 45 8%7:5
22 90.0
23 88,3
10 0:.50 0 5.5 8l.6 30 79.0
19 8137 30 80,6
15 8l1:2
15 80.9
11 0.50 0.20 80 92.0
46 91.8
12 0.50 0.60 25 94.3 61 93.6
35 94.3 oe 92.5
47 94,2
19 92.5
34 927
29 92:8
13 0.50 1.00 37 92.6 50 93.5
37 93.0 53 91,1
35 92.4
29 91.3
14 0.50 2400 30 93.3 63 93.6
30 92 .6 60 91.0
28 91.0
26 90,1
24 89.3
15 0.50 5,00 28 92,5 74 93.5
Ay 92.3
30 $1.5
27 90.1
28 89.9
16 0.50 8.00 43 93.0 74 94.0
37 92.2 67 90,9
34 92,3
31 91.6

-24-
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