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INTRODUCT ION

This particulsar study of the control of anode
corrosion in connection with the production of gzinec
by electrolytic deposition from commercial solutions
is & continuation of work started at the Missouri
School of Mines and Metallurgy in 1929. It is not
& new problem or even & new phase of the problem,
but rather an attempt to confirm some of the idess
brought out in previous-work}and to perhaps more
definitely eatablish some of the conclusions drawn
by attacking the problem from a slightly different

angle,

Before proceeding with the discussion it would
be well to review briefly the history as presented
before. It is needless to go into the details of
past errors and sufficient to say that the turning
point ceme with the discovery that pure solutions are
eaaentiai'ta’the succeéa‘af'the process, Thereafter
all investigation has been conducted on this basis

and remarkable advances have been made.
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Chief uzmong these wdvuinces has been the devel-
opment of cqrroaicn resistant alleys of lead for use
as anodes. The one per cent silver, lead znodes de=-
veloped by Teintond are now being used in the two
large plants at Kellog, Idaho, and Rast St. Louis re-
spectively, The first year of work® on the present
problem had to do entirely with alloyed znodes and

the following is & summary of the results obtained.

"Thallium in amounts up to five per cent alloy-
ed with lead improved the purity of the cathode in
direct proportion to the amount of thallium present,
changing the leud content from ,.120% with .5% thall-
ium to .002% with 5.0% thallium. The anodes contain-
ing caloium exhibited remarkable lowering of the an-~
ode potential amounting to almost 50% beiaw the po-
tential of pure lead, The addition of one per cent
silver made the anode passive, The anodes containing
over four per cent thallium exhibited remarkable pas-
sivity but the anode potential was lowered only slight-
ly. |
l. U.C. Tainton, Tr AIMLE, 1929, p 192
2., Hanley, Clayton, Walsh, Tr AIMME, #321, part 1 & 2
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'In the Bilver~leadiéllcya. where the 3ilver‘ex-
ceeded the eutectic ratio, the zinc deposits showed
lowered efficiency und sometimes resolution. Iﬁ
was deduced that the free silver dissolves in the e-
lectrolyte and acts toward the zinc deposit in the same
way as would any othef noble metal. In this same in-
vestigation the value of colloids and manganese as ad-
dition agénts wes brought out, it being concluded that
gilicic acid prevented the adhesién of hydrogen bubbles
to the zine deposit.and that manganese lends a degree
of passivity to the anmode. In 1930 during the course
of this same investigation it wes found that silver
added to & .1% calcium, 2.0% thallium, 97.9% lead an-

‘ode increases the stability but lowers the advantage

of znode polarization decrease.

Pure lead anodes were employed in the présent
invegtigation and there zre & great manyv&dvantagea
ccnnected wiﬁh‘their ﬁsé. 'The very low melting point
end high malleablility of lead makes it easy to cast,
ghape, drill, and machine, the latter two items be-

ing of great importance where porous anodes are de-
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sired. The low melting point makes pessible the use
of very thin plates which take up less spzce in the
cells, Lead has & constant low voltage as compared
to anodes other then the recently perfected alloyed
anodes. The chief objectioh to plain lead anodes is -
that they do corrode and disintegrate under electro-
lysis so that their life is relatively short. DPart
of the lead finds its way to the cathode, lowering
the purity of the deposited zinc and deereasing the
hydrogen overvoltage. The remsinder collests in the
manganese dioxide precipituted in the cells, lowers
ing the market value of the by-product. A further
disadvantage comes frem.fheir tendensy to buékle as
& result of intererystalline oxidation, making nec-
essary wide spacing te avoid short eircuit, thus
necesgiteating higher power consumption. The pawer
eansumptien is also affected by the high decompesi-
tion potentizl of & lead‘perexide'surfaee.‘



WORKING BAQIS

Certain points have been either definitely or
tentatively established before the beginning of this
work. Among other thinga it wes concluded thet leud
contemination of the cathode zinc is, for practiczl
purposes, due to entralnment of the impure anode slud-
ge. This entrainment might take place in somewhat the
same manner as does the inclugion of en addition agent.
Hunt® says that when nucleus formation is prominent,
&8 in the finer grained deposits, the intercrystalline
boundaries must necessarily contain the various inclu-
sions which enter the deposit, and conditions approxi-
mate more newurly to the views of Tamman® whe imsgines

the boundaries in cast metals to consist of impurities.

It has been shown in at lesst two casesl~10 that
snode sludges containing lead in quantities of two per
cent or less show very low lead in the ceathode deposit,
buf no definite arithmetical relationship exists between
the lead determined in the cathode and the lead in the
anode sludge. It follows then that any impurity causing



& corrosion of the anode, e.,8. chlorine, would heve

the effect of increasing the lead in the deposit.

Menganese in small eampunts, five greams or under
per liter, hes the effect of lowering the lead in
the anode sludge and consequently the lesd in the dew
posit, There is & lerge degree of protection whieh
the MnOg depesit gives to the anode but the definite-
ness of the degree has not been determined. The opere
ation of a g¢ell in the absence of manganese will al-
ways produce cuthodes too high in lead to be classed

as grade A ginc.

Glue definitely has an influence in producing
smooth deposits, and smooth de?osits entrain less
anode sludge, hence there will be less lead in a
cathode produged from aalutiens’containing glue, The
influence of glue on the stability of the snede sure

face is unknown and afford a problem for research,

A solution temperature of 45° tends to preduce
s cathode with less lead $han does a solution tem-
perature of 269, Aecording to H. R, Hanley: "this



is most likely due to the relatively greater contin-
uous removal of hydrogen bubbles from the surfuce of
the gathode &t higher temperatures. Cold solutions
tend to cause the hydrogen bubbles to adhere to the
deposit, It ig known that corrosion is initiated
areund the bubbles of adherent gas and that a ges
free plate will produce smoother deposits than one
to whigh bubbles are adherent, So long as the high
temperature doesnot initiate corrosion of the cath-
ode by the acid we should expeet a cathode low in
lead, but when chemical corrosion is stearted ée may
expeet o cathode containing a high percentage of
lezd", According to the latest hypothesis® as to
the mechanism of deposition, an ilnerease in temper-
ature, by causing an lncrease in speed of diffusion
and an inerease in mobility, should increase ;he ra-
tio of metal to other bodies in the cathode film and
deorense the tendency of foreign particles to adhere
to the cathode. graham® found that a slight decrease
in polarization accompanied an inecrease in tempera~
ture and that an unexpectedly large increase of grailn
size was brought about at the same time. He coneluded
3., Journ Phys Chem V 36, #3, p 1006
5. Tr. Am Electro Chem 121, p 275
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that the effect was due to an inereasse in metal ion
supply and that the tendeney for foreign particles

to adhere to the cathode wes reduced to some extent.

Low acid solutions produce c&thodas lower in
lead than do high acid soclutions (unless it be in
combination with high current density), The reason
for this is not apparent, High acid probably loosens
the flakes of anode sludge and may put a greater con~

centration of them in suspension than does low aeid.

High current density cathedes produced from or-
dinary solutions of low acid content contain mbre
lead than do.eathades produced at low current densi-
ties. ‘Knewing that the purest zing 1a.praduced from
& c¢ombination inoludihg high current density and high
acid, this is probably due to the mechanieal dislodg=-
ment of the flzkes of anode sludge, probably richer
in lead because of their forge detachment fiem the
lead sheet, and the greater concentration of them &t
the gathode., They are directed toward the cathode by

the excape of anodic oxygen which as gtated is forced,
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EXPERIMENT I |

Theory

While it is rather evident that at lesst the
major portion of lezd enters the deposit by the en~
trainment of the anode sludge and thut by improving
the character of the deposit by the addition of a co-
1loid the lead content may be lowered, the decreased
corrosion of the anode, which in turn lowers the leud
content, is not even pertislly explained. Igaresheve.
using gelatin, found that & c¢olloid increased both ca-
thode and anode overvoltages but thia does not explain
lowered anode gorrosion, In nearly &all scientific in-
vestigations the only colloidal particles considered
are positive, i.e, the ones that migrate toward the
cathode, As & result little is known of the possible
-~ effects it might huve at the anode,

S8ince the principle interest lies in the improve-
ment of the density and structure of the deposit and
its concomitant benefits, the mechanism of this action

will be considered. The theory of the mechanism of
6. Z. Electro Chem, V 28, p 40 to 47
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depoéitien as advanced by Blum and Rawdon’' has been
strongly contesﬁed and deelared untenable, but in that
o certain parallelism exists between this theory and
the observed phenomenu it serves us a working hypoth-
88is in the explanation of the effect of a colloid on
the structure of electro-deposited metals. The prin-
ciple idea of the theory is as follows: the unifn of
one or more electrons with a positively charged ion
takes place at the cathode surface at a point deter-
mined beth by the orientation of the metal atoms on
the cathode surface, and by the effective aonaentra-
tion of the metal ions in the cathode film, The lat-
ter concentration is approximetely mezsured by the
dynamic potential of the cathode, Then this ion con-
centretion is high, the cathode polarization will be
low and conditions will be favorable for the growth
of existing crystals, Conversely, when the metal ion
concentration is low, and the cathode polarization is
high the conditions are less favorable for erystal
growth and more favorable for the formation of new

crystals. This assumption is based on the well-known
7. Tr Am Electro Chem Sec, V 44, p 397 (1923)
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fact that smull crystals have & higher solutien pressure
and a more negative potential than large ciyahals and
that more'negative potentials will be required for the
productions of fine'crystals. Their contention is

then that any factors which would increase cathode po-
larization, sich as the addition of a cellei&; would

tend to yleld a finer deposit.

The absolute effect of eolloids in increasing
cathode polarization and improving the structure of
the deposit has been shown rather conclusively by
Taft and Messmore S to be an absorption phenomgnsn.
This is in confirmation of the idea advaneed by Ig-
areshev? in 1921,

We are not so much interested in the mechanism
of the effect of the colloid as in the faot that in
one way oi snother it works te yield a better, den-
ser deposit and to lengthen the normal life of the

anode,

In previcus work only & suggestion has been made

of the pessibility of a relationship between the lead

8, Journ Fhys Chem, V 35, p 2585 (1931)
9. Colloid Chem, V 14, p 25«26
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in the anode sludge and that in the cathode deposit,

1 concluded that there could be no relation

Tainton
whiatever but &« close study of his results might yield
infermation. He expressed the lead in the sludge as
per cent rather than in actual corrosion or weight

and it is possible that the variation in sludge weight_
due to differing amounts of Zn particles and to une-
qual formation of mangenese dioxide might have changed
the appearance of his regults. For this reason it was
proposed to make a series of runs of such duration
that any irregularities cnd variations so often mis-
leading in the interpretation of datsa might be over-
come., The tests represent about four thousand ampere
hours of deposition for two cells operated at six am-
peres, and the large aﬁounts of sludge obtained to~-
gether with the great number of snalyses of deposits
should be somewhat representative. Although the in-
dividual runs do not sgree with one snother, the av-
erage appears to give rather good evidence of certain

facts,

1., Tr ATMME, 1929, p 192
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PROCEDURE

Certain conditionsg as suggested before were kept
constant throughout the experiment. GSince the possi-
ble témperature range in practice does not vary much
from forty degrees centigrade, and since the meximum
current effieciency is obtained in this neighberhood,
that temperature was adopted. Due partly to the fact
that authorities arc more or less in agreement as to
the benefigial effeet of manganese whem present in
small amounts snd since all eomuercial solutions con-
tain thig element it was declided to have it present

in every case in amounts varying from .6 te 1%,

The selutions contuined at all times eighty
grams pér liter of sulfuric aeid and fifty grams per
liter of & nc¢ at the beginning of each run of eight
hours and no replenishment was made until the end of
this tine. The current density was maintained as near
thirty-six ampered per square foot as possible., Each
cell had a eapacity of three and three~tenths liters,
Two anodes and three cathodes were used in each cell

ana the two outside had their unuged faces covered
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with aecid resistant paint. The cathode edzes were
covered with rubber strips to moke the surfact zs
neurly as possible equal to the znode surfece and to
minimize the formatiom of trees at the points of high

current density, i,e, the edges «nd corners.

LEACHING

The preparation of pure Zn sulphate solution for
use in the tests followed the sazme procedure as given
in "A Study of Anode Corrosion® except that some dife
figulty was encountered when the supply of c¢lean Jop-
lin caleine wus exhausted., An attempt was made to
lezeh a mixture of British Columbia celcine and crush-
ed sinter together with C,P, ZnQ in proportioms of
about three parts caleclne and sinter to two parts Zn0O.
On the suggestion of Professor Henley the Zn0 was mix-
ed with the roasted ore before adding it to the leazch
solution, und this arrapgement proved guite satisfac-
tory and eliminated the inordinately long time neces-
sary to leach pure Zn0. ,

After completing the customary steps in purifi-
cation of the solution it still showed a strong test

- 14 -



for nickle. After geveral attempts to remove the nick-
le by additions of silver sulphate at the rate of 50
gms/L, followed by the additien of an excess of Zn dust
at subnessively higher temperatures, it was found that
at least two precipliations were required ot o temperw
ature of 50 C or one precipitation at 80C. It is prob=
able that low concenirations of Ni could be removed in
one precipitation at the lower tempersture or thet even
the lzrge concentratlion could hsave been removed in one
preeipitation at a higher tempersture, since Teintond
found that ocomplete elimination of nickle was effected
at temperatures nezxr the ﬁoiling point in solutions
used at the Kellog Zn plant. This point is important
in the above mentioned précess gince the use of a
strong sacid lezch brings zll solutions to s tempera-~
ture near the boiling point for the subseguent puris
fication by Zn dust,.

During the time that the nickle was being remove
ed a standard test was adopted for use oen the solution
and its sensitivity investigated. It was found that

niekle could be detected in solutions sarrying 135 gm/L
1. Tainton & Leyson, Tr AIMME,., V IXX, p 486
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of zinc sulphate, in concentraztions as small &8 one

part per million.

After eliminating the nickle &nd starting elec=
trolysis it was found that corrosion and deposition
alternated in such o wey thet no deposit remained for
more than a few hours. Sometimes the deposition
would continue undisturbed fof =8 long &8 ei:ht hours
and then resolution would set in. The deposit had a
porous or network structure. Ho unelysis was made to
determine the cause of this action, but from Tainton
snd Clayton'sg description of the action of germanium

it is probable that thaet was the element present.

In describing the effects of germenium he says:

"the Zn deposition would continue normelly for several
days and then gquite suddenly would start to redissole
ve., When present in smell amounts, say, for exwmple
one part in ten million, the germanium lowers the hy-
drogen overvoltage at & Zn surface only where the cur-
rent density is low, consequently the fact of a Zn
deposit will remsin fairly good, but if it is at all
2. Tainton & Clayton, Tr Am Eléctro Chem Soc, vol. 47,

p 279 (1930)



porous the acid will redissolve the Zn ¢t the back of
the plate., This re-golution will spread repidly until
the whole buck of the plate is redissolved, the face
remeining pructically untouched". He found that preci-
pitated ferric hydrate in reusonable zmounts completely
removed the germsnium. By mixing oreg low in iron with
others containing high iron, the iron content was kept
at a point which would insure complete removal of this

impurity in &ll cases.
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RESULTS

Test number I represents 1724 amp hours of de-
position with no glue present wnd the other conditions
constunt s outlined., The individual analysis do not
agree perfectly but with & few exceptions are of the
sume order, It will be noted that the first run, sam-
ples 1 snd 5, represents eight hours of deposition
rather than sixteen as in every other case, and this
might account in part for its higher lead content if
we consider that the greater part of the lead is de-
posited whén the anode is new. This was noticed in
every cuse where new znodes, freshly cleaned surfaces,
were used. In order to ascertain if the difference
might be due to an extreme cﬁange in current density
or in temperature, two runs were made represented by
semples 17, 18, 19, and 20. One of these was made at
double the current density, the second at room temper-
ature, but the results indicate that the high lead in
1 and 5 was due oﬁly to the new anode surface; and it
was further deduced that to all practical purposes the

aging of the anode tskes place in the first few hours
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of electrolysis,

Yo attempt was made to show a graduzl improve-
ment by incressing the glue addition by degrees. Test
number II with a emsall addition of glue shows some
improvement over test number I, the improvement be=
ing more in the was of uniformity than in a lowering
of the lead content, It might be deduced from this
that the first funetion of & colloid is to smooth
out the irregularities, any further addition acting
to lower both the unode corrosion and the lead in the
deposit. This latter is shown by the marked improve-

ment in test number III.

Teat number III shows more nearly the ideal con-
ditions not only in regerd to anode corrosion but to
the purity of the deposit, and slthough this éondition
could probubly be more closely approached with some
other gddition factor, the contrast is sufficient to
stress the point. In the table comparing the overall
results of tests I, II, III, the calculations are made
on the basis of tons of Zn produced in order to relate

it more closely to plant preactice,
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EXPERILENT # I
Test # I Table I

Semple 28 9T 4 pp jp Oms of

Yo, ﬁ?gg: in athode iztégde :
1 New .058 080
2 | 8 .029 .030

3 24 .028 .028

4 40 .034 .037

9 56 .022 .022
10 72 '.015 .013
11 88 .013 .013
12 104 093 .090
17 120 .025 .026
19 136 .031 030

ROLLED ANODES
Manganese 6 gm/ liter; ourrent density 35 amp/sq ft.
Electrode spacing 1.5 inches, center to genter; Aver-

age acldity 91.5 gm/liter. Zn content 50 gm / liter.

- 20 -



TEST # I TABLE IT

Sample ﬁg dgf in % Pb in GmfnPb
o hours cathode patnode

5 New .064 .042

6 8 .027 .028

7 24 .028 .027
8 40 .024 .024
13 56 .023 .023
14 B ¢ .021 .021
15 88 .021 .020
16 104 .096 .090
18 120 .026 .026
=0 136 .036 .033

CAST ANODES

Manganese .6 gm / liter; current density 35 amp/sq ft
Electrode spacing 1.5 inches, center to center; Aver-
age acidity 91.5 gm / liter. An content 50 to 34
gn / liter.
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TEST # II TABLE IIIX

Sample Age of % Pb in  Gms Pb

No. Anode in Cathode in
hours Cathode
21 16 .024 .024
23 32 .020 .019
25 48 .020 020
=27 64 024 .022
29 80, -024 .024
31 96 019  ,018
33 112 024 .022
35 128 022 .023
37 144 L014 015
ROLLED ANODES GLUE ADDED

Manganese .7 gms / liter; current density 35 amp/sq ft
Electrode spacing 1.5", center to center; average aci-~
dity 92 gms / liter; GLUE added at rate of 2 1bs. per
ton of Zn produced and solution originally conditioned
with .03 gms / liter.
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TEST # II TABLE IV

Sample Age of % Pb in  Gms Db

No. Anode in Cathode in

hours Cathode

22 16 «023 <023
24 32 .024 023
26 48 «019 .018
28 64 . . 022 020
30 - 80 +026 027
32 96 . | «016 «015
34 112 022 +020
36 128 . 022 .023
38 144 .022 «022
CAST ANODES - GLUE ADDED

Manganese .7 gms / liter; current density 35 amp/sq ft
Electrode épacing 1.5*, center to center; average mci-
dity 92 gms / liter; GLUE added at rate of 2 lbs. per
ton of Zn produced and solution originally conditioned
with .03 gms / liter. |
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TEST # III

Sample Age of
Yo. Anode in

hours
39 New
40 16
41 . 32 .
42 . 48 .

Manganese 1.0 gms / liter; current density 36 amp /
8q ft.; Electrode spéoing 1.5%, center to center;
Average mcidity 92 gms / liter; GLUE added at rate
of 3.5 1bs .per ton of Zn preduced and solution ori-
ginally treated with .05 gms of glue / liter.
addition there was,édded 025 gms / liter to re-
hgbilitate the golution after each eight hours of

deposition.

TABRIE V

% pb in Gms Pb

Cathode in
Cathode
014 014
0075 +0076
0088 . 0090
«0063 . 0065
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Test

No.

II

III

TABLE VI

Compsrison of Tests I, II, and TII

Addition

agent in gms/
literq

in - 06

Mn - 07
G‘lue - -03

Bm - - 100
Glue -= 0B

Test # I
Test # II
Test # III

Average
S Po in
Cathode
Zing

.038
022

«.0091

?b in Pb in anode Total cor-
deposit sludge in  rosion in
in 1bs of 1bs / ton 1bs of Pb /
Tb / ton _of Zn pro- ton of Zn

of Zn pro-~ duced produced
duced
<76 6.25 7.01
44 6.15 6.59
.18 1.3 1.48
No Glue

Vo addition of Glue to rehabilitate

solution. 2 1lbs glue / ton of Zn.

‘An addition of .025 gms glue / liter
made each eight hours to rehabilitate

solution and 3.5 1lbs added per ton of

Zn produced.
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All during the first tnree tesis tue two cells
were run under like conditions with the exception
tnat cell number I contsined ancdes mede of rolled
lead while cell number II held cast anodes. It was
thought to establish any difference in corrosion rate
through this long series of runs, but there is little
apparent advantage in either case. It was auggestedlo
that the freshly cast surface of an anode might have
an effect but this condition would be destroyed on
seraping or brushing the anode surface. The density
difference in case and worked lead is sufficient to
be effective since in the case of chromium plating
with lead snodes it was foundll that cest anodes were
entirely unsatisfactory while worked lead could be u-
sed. In any case it would be unsoafe to draw conclu=-
sions as to their relative values from the results of
the above tests, but if there be uny advantage it is

in favor of the rolled anode.

10, AIMME paper #321 Discussion
11, M.S.M. Thesia # » Study of Anede Corrosion
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EXPLRIVENT #o

After finishing the investigation of the ef=-
fects of glue on unode corrosion and eathode pur~
ity and assuming that the lezd in the cathode is
& Tunction of the amount of leud corroded from the
enode, it was proposed to study the effects of var-
ious depolarizers, organie and inorganie, on these
two factors. The agents chosen were formaldehyde,
formiec acid, oxalic acid, tartaric acid, and fer-

rous sulphate,

Among other'reducing agents mentionec in the
literature us depolarizers are sulphur dioxide gas
and a superposed alternating current, Thompson and
Sullivanl found that the presence of sulphur diox-
ide lowered the potential at the anode paving power’
and in addition msking sulphuriec mcid, It is also
known thut depolarigation is dependent on current
density and the nature of the anode., Theoretically
the action of an organic acid is to combine with
the oxygen at the anode forming earbon dioxide which
1, Met and Chem Eng., V 18, »p 178l and

Journ Am Chem Soc, V 46, p 545
- 27 =



will escape, there being no noxious products formed

in the reaotion. The reaction should decrease the
force of evolution of anodic oxygen, i.e. the pres-
sure of release, and in effect lower the tendency to
throw out particles of leud which might be partially
or completely corroded from the anode, In the case

of an inorgunic szlt like ferrous sulphate there will
be formed ferric sulphate which will sccumulate in the
solution., It would, of course, be removed by preéip-
itaetion in the leaching éycle. In this connection
there seems but one possible practical application;
the case of an ore of iron content inmdequate for the
removal of arsenic, antimony, germanium, etc., In view
of the large avallable supply of iron ores and the rel=-
atively high cost of pure reagents it is not likely

thut the situation will ever be encountered,

It wes believed at first thet the behaviour of the
reducing agents would be in a senaé perallel to that of
manganese, and an added advantage. The coating of man-
ganege dioxide formed on the anode is & large factor in

its‘atabilisation and anything which might help retain



this coating would obviously be beneficisl. It wes
partly due to this fret that mengunege weps kept pres-
cnt in the solution. It becume epparent later that
the reagents hud no effect until present in sufficient
concentration to prevent the formation of menganese
dioxide, It is probable that permenganic acid is for-
med and immediately reduced by the added reagent. The
agents which did not prevent the continued formation
of permanganic ceid had no apparent effect on the
rate of corrosion, while thoge reagents which did re=
duce the permunganic acid and prevented the formation
of mangunese dioxide caused a murked reduction in the
rate of ecorrosion., The regults of the ferrous sul-
phate addition wouid lead one to believe thut the de-
colorization of the solution by reduction of the per=-
manganic acid might serve as an indicator as to the

amount to be added.

One of the three cells operated in series was
maintained with no addition agent ether thsn mangane

ese in order that comparative resulte be ebtained.
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Any variation of results due to z change of current
density, the nature of the neutral solution added,

or other operating condition was checked by this cell.
The other conditions, temperature, solution strength,
etc., were meintained constant &s outlined in Experi-

ment #I.

The reagents were added on the basis of the a-
mount necessary to reduce one tenth of one per cent
of the oxygen evolved at the anode. JSubseguent ad-
ditions were some multiple of this factor., The solu-
tions were first conditioned with the reagent at the
required concentration and the addition made from
dispensing burrettes arranged to drop the solution
uniformly during the run, The addition factors are
given in table VII., At the end of sixteen hours of
deposition the cathodes were analyzed for lead; the
results then, as shown by the tables reéresent the
average of two analyses, After thirty~two hours of
depogition the solution was filtered, the sludge dri-
ed, weighed, and analyzed for lead,
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On completing the first sixteen hours of elec=-
trolysis with formaeldehyde in eell number 1 and for-
mic zcid in cell nuﬁber 2y it wuas notieced that the
strips of rubber on the cuthodes had swelled slight-
ly snd their changed surfuced indicated decomposi-
tion. To eliminate the possibility eof poisoning the
solution with antimony or other elements used as
mordants in the rubber, the strips were removed.
This resulteu in decreased cathode current density,
but to partly compensate for the lowering of over-
voltage, the cathodes were stripped at the end of
each eight hours of deposition rather than sixteen.
Since the blank cell wap operated under the same

conditions the repults remained comparable.



Reagent

Formaldehyde
Formic Aeid
Oxalic Acid
Tartaric Acid

Ferrous Sulphate

TABLE VII

Efficiency ratio
in gms of reagent
per bm of oxygen
reduced,
1.0
2.9
56,0

1.7

9.1
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Amount necessary
to reduce .1% of
the oxygen evol-
ved at the anode.
gms / liter.

.016
046
«896
027

.146



RESULTS

The additions of formaldehyde and formie acid

even at concentrations of four times the original

factor hud no apparent effect on either the forma~-

tion of manganese dioxide or anode corrosion. Even

on adding an inordinate emount to the solution, no

decolorization was obtained,

mist in some manner be inhibited.

Sample Addition

No-» Agent

. Formalde~

1 hyde

2 Yormic
Acid

3

4 Formalde-
hyde

b Formic
Acid

6

TABLE VIII

Cone. of %
agent /

liter. Cathode

016

« 046

.064

.184

0330

Pb
in

«020

.019
015

«013

015
.016

Its reducing action

Pp in- Total coxr-
Cathode rosion in
1bs/ton 1bs / ton

Zn ) Zn 1 3
42 3455
.40 2,50
.92 2.99
31 3472
« 31 3472
«24 3.05



TABLE IX

Sample Addition Conc. of i Pb Pb in Total cor-
N0 Agent cgent in in Cathode rosion in
gms/liter Cathode 1bs Pv / 1bs Pb /

ton of Zn ton of Zn

1 Oxalic 896 022 .44 1.7
Acid
2 Tartaric
A.cid 0027 0011 sz 2693
3 [ ——— .022 .44 260

Table IX represents the results obtained by the addition
of oxalic scid and tarturiec acid in concentrations four times
the calculated value for .1% of the oxygen evolved., Thig com-
centration of the oxalic aeid was just sufficient te decolor-
ize the solution, as indicated by the appearance of a slight
color on slowing up the rate of additien, A smull amount of

white precipitate was formed on the first addition which set-
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tled to the bottom of the cell and did not redissoclve,
.This precipitate was weighed and analyzed for lead

Jjust as were the other sludges.

There was some doubt at first as to the nature
of this pregipitate but it was explained that since
zinc oxalate 1s very insoluble and lesd oxalate even
less soluble any addition of oxalic acid over that
amount neceséary to reduce the permanganic scid would
form lead oxalate and zine oxalate in turn, part of
each being precipitated to the bottom of the cell.
Tests of successively larger additions of oxalie acid
to samples of the solution showed this to be the case
any amount of precipitate being formed with suffiai~

ent congentration of the acid.

There is shown a marked decrease in the lead in
the cathode with the addition of tartaric acid. At
the same time the tartaric acid did not decolorize
the golution and there was & large corrosion of the
anode, The improvement of the purity of the ecathode

seems Justified since it has been demonstrated® thet

2., Am Electro Chem Soc., Tech Pub #7, 1926
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tartaric acid, among other organic salts and acids,
forms complexes with the cation of the salt of the
electrolyte in the sume manner as do colloidal addi-
tion agents, decreasing the crystal size and improv-
ing the density and charzscter of the deposit. That
these substances are occluded in meny depositis has

been confirmed by careful checks.

TABLE X
Sample Additien Conec. of % Pb Pb in Total
No. Agent Agent in in Cathode corrosion
gmns / Cathode 1bs Pb 4 in 1bs Pb
liter ton of / ton 2Zn
’ in
1 Ferrous
Sulphate « 292 «010 e 20 +«30
2 ® «146 «0125 «25 «91
3 S ——— .019 .38 1.80
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The best results were obtained with ferrous sul-
phute as shown by table X, In the higher of the two
concentrations the solution was practically decolor-
ized, there being scarcely enough sludge formed to be
weighed und anelyzed. Tesgts were made at concentra-
tions of ten and twenty times the factor given in the
table, but the results were difficult of interpreta-
tion. The formation of sludge was, naturally, negli-
gible but at the same time there was & relatively high
percentage of lead in the cathode, It is possible
that the high concentration of the ferric sulphate
formed by the oxidation of the ferrous sulphate caused
resolution of the zinc lowering the overvoltage and
resulting in a poor deposit. It is certain that the
deposit wus inferior from its appearance., Coupled
with this is the possibility that some particles of
lead otherwise tending to fall to the bottom of the
cell might have been dissolved and plated out with

the zinc.
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The results of the oxalic wcid test was rather
inconclusive sand for this resson it was proposed to
ciieck it by an mdditional run in the presence of &
certuin amount of glue to ascertain if by improving
the cathode in this wey the effects of lowered anode
cerrosion might not be more clearly brought out. At
the sume time the ferrous sulphate test wus repested
in the presence of & like concentration of glue to

verify its effect also.

The results are rather interesting and at least
indicate that the presence of these agents have a no-
ticeable effect. Even this is not entirely cenclu-
glve since the same varistiona in eatheode impurity
have been noted under conditions otherwise identical,
but where the addition agents were not present. How-
every, it does further prove that the presence of
these agents lowers the rate of corrosion of the an-
ode., To definitely establish this relationship it
would be necessury to make a long series of tests

with them present in the golution.
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Addition
Agent

Ferrous
Sulphate

Oxalic
Acid

Conec. of
Addition
Asgont

gms/liter

«584

+896

- . -

Glue in all

Gms Pb
in
sludge

«04
024

«151

% Pb in
deposit

«008

«009

-012

Pb in de-~
pesit in
ibs Pb /
ton of Zn
082
093
«121

Total Corro-
sion of anode
in 1bs,. fb /
ton Zn

.482

«333

1.631

cells at a concentration of .05 gms 4 liter

+025 gms / liter added each eight hours to rehabilitate

solution. 3.5 lbs. added / ton of Zn produced.



It is to be regretted thuat tests were not made
on small chsnges of concentration of ferrous sulphate
necr the point of muximum lowering of wnode corrosion
to determine the exact value of this factor. It is
possible that the point might lie &t the concentration
necessuary to just prevent the formation of permanganic

acid.

In closing it might be suggested that to defini-
tely determine the effect of various addition agents
on snode corrosion it would be more feasible to con~
trol the concentration of corroding agent, e.g. chlor-
iney, rather than attempt to maintain &« compleie absence
of it. In addition, the presence of a definite amount
of glue, which, by regulating.the character of the de-
posit, should facilitate the egtablishment of & rela-
tionship between the two factors, anode cerrbsian and

cathode impurity.
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SUMMARY OF CONCLUSIONS

A definite relutionship exists between the &=
mount of leud corroded from the anode and the smount
of lead contuined in the cathode slthough due to the
variability of operating conditions no mathematical

relationship has been established.

The presence of glue decreases both the rate of
corrosion of the anode and the amount of impurity in

the deposit.

The asging of an anode, for sll practical purpoées
taekes place in the first few hours of depesition and
if any further change takes place it is so slight &s
to be negligible.

If sny difference exists between the corrosion re-
sistant properties of rolled and cast lead 1t is very
slight and in favor of the rolled leead.

Ox&iic acid lowers the rate of corrosion of the an=-
ode aznd when a stabilizing substance is present this low-

ered corrosion resulte in purer deposits. Tartaric acid
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tends to improve the purity of the d eposit but has
little, if any, effect on the rate of corrosion. Fer-
rous sulphate lowers the rate of corrosion, the lower-
ing depending on the concentration of the salt present.
After a certain meximum concentration is reached its

effects are deleterious.
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