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ELECTR.LYTIC PREZARATICN
CF
LEAD CIRIIUATE

ITRCDTCTICN

ost of trie worz in this investigation was
devoted to a study of the various factors which
effect the electrolvtic prensaration of lead
chromate, Threse factors include current density,
comnosition of electrolyte, temperature and cell
design.

The first electrolytic oprocess for the
electrolytic vreparation of ins-luble compounds
was develoved by Luckow. For such nrevparations he
recorended a solution of 1,5% of a mixture of 9
perts of IaClOz anc 1 »nart of Na CrCL, This wes
electrolysed betreen a pure lead anode and e hard
lead cathode. The ann’ic current density was about
.24 ema/dm” and bath voltece being 1.4 volts.

Trese vrocesses were later studied by
LeBlenc enc Bindschedler, !iller, and 3illett. They
worked with different secondary sa2lts at diff:rent
concentrations and mixtures. The effect of tenuer-

ature was zlso studied.



It would be exzected t-ot the crecinsitnted
particles br tre electrolytic nrocess would be finer
the higher the concensrntion =nd the greater the cur-

rent density. IIsovever, the zbove investigators found

S

that 1T very low concentrctions of tie preciniteting

cl

ct

en: low corrent densities mere not uvsed, adherent

0

denosits on the anode wo:ld be formed instead of fine
rreciczitates.

In the attem:t to prepare electrolytic lead
chromate the cell would vield Po Crly for a siort tiwue
‘and then a mixture of Fbo CrOy end PoO would form. Tiuis
vould give an undesirzble color. The two opposing sets
of conditions have rendered it im ossible to produce
particles beyond a certein cdegree of fineness and color,

The percent solution znd mixture recommended by
the above investigators wes first used and then a cell
was devised and electrolyte made up as described lzter
in this thesis. The nurpose of this investigat. on wes
to devise a cell and to formulate an electrolyte which
would yield Po Crl. continuously end maintcin a

uniform color.



DESCRIPTICH CF AFPARATUS

A rectangular acuarium jar holding 25 liters of
electrolyte was used for the greliminary trizls. This did
not prove satisfactory because the lead chromate could not
be removed immediately u.on formetion and only short runs
could be effected. A large cell vas rmede from a flat
bottomed cerboy which had a capacity of 40 liters. The
bottom was cut off and vhen inverted fcrred ez cell with g
conicel tottom, 4 rubcer stogner, to vhich a rubcer and
glass tubing had been fastened, ves ploced in the mouth of
the carvoy. This formed an outlet for the nroduct without
interrusting trhe oweration of the cell,

The carbrv wes nlaced in the original container
after it had been inverted end supnorted with four legs
aoout 67 cm. lons. 7he port of the box through which the
neck of the carboy »rotruded was re-enforced to hold the
meight of the electrolyte and =roduct made. A platform,
connected to the conteiner, wes built over tze cell to
hold the storage tank of electrolyte anc tire solution of
chromic acid. a half-inch lead coil (50 feet long) was
placed in the cell to cool or heat the electrolyte as
desired.

Two half-inch cooner rods vere used to conduct the
current snd to supoort the electrodes. The electrodes
rvere made of sheet lezsd and vere connected by obattery

clivps %o insure a2 food contact, Each electrode wes



oleced 1 cn. epert and sepzrated from ezch cther by tvo
glass rods. If they =zre not sevarated ty the glass rods,
they will short and cause cell to cease ozerating. The
switch toard was cuilt in with the obuss bars and vas
canable of #iving 1200 amperes. 15 volts were used

across the bars,



A
4

Y Ty 77 T T

R S SO

ST I ORIV NI IO ST TI AT T TIIINY,

Wood Box

C-

A~ lead coil

D- Lead Eleclredes

B- 6lass celf

E- Chromic acid

PLATE I



PTEPARATICN CF THE ELECTRCLYTE

In the berinning a 1.5% solution —as made, con-
sisting of 20% sodium chromate and &0% sodium chlorate.
This gave an electrolyte with a Dy of &. Exvperiment showed
that the pg should be below 7. In order to have a common
ion and 2lso to lover the cost of the chenicels, the eguiv-
alent of sodium acetate was substituted for the sodium
chlorate. Le3lanc and 2indschedler showed that equally
good results would be obtzined with the acetate. 3Glacial
acetic acid was used to correct the pg to 6.5 or 6.5. To
include the acetic acid in the »nercent solution and to have
the percentece of the acetates direct, a correction weas
nade in the percent solution. It is now 1.3% consisting of
23% sodium chromate, €3% sodium acetate and &% acetic acid.
This mixture of salts and acid was mede un to the calculated
volume with ordinary tep water. Distilled water gave the
sime results. hen a py lower then £.5 vas desired, more
ecetic acid was zdded; but this addition was not taken in-
to account in the rercent solution,

During the overation of the cell the pg is kent con-
stent by renlacing the chromates used and the hydrogen
evolved oy use of a two molzr solution of chromic acid. The
chromic oxice was 2 hirh srade commercial w»nroduct. The re-

meinder of trhe chemicals were of the C.P. cquality.



PRCOCEDURE

The anode electrodes were cleaned mechenically
until the meta2l wes bricht. This is necessary before each
run. The electrodes were susrpended on the coolper rods in
the cell, The electrodes were then connected with battery
clips to the copp-r rod tc insure betier contact. after
the electrolyte was -laced in the cell the py weas chec:ed
with the Eelice comparator and then corrected to the de-
sired py. If the run is to be other than room tempersture,
the electrolyte is heated by reans of the coil through
which steam is passed. The chromic acid solution is
nlaced above the cell waich is then ready for operation.,
As the current is passed throuch the cell, the chromic
acid is a2llowed to droo =zt a rate to just keep the px
constant. The by is checked at frecuent intervels. hen
the Po CrQly settles to the bottom of the cell, it is
drawn off and wlaced in a storege tznz to be washed.
Yeshing is done by decantation, <hen free of acetates,
the chromate is filtered with a suction filter end air-

dryed in the room. ‘eighing was done on a large scales.
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The tempereture varied a little during the opere-
tion of tre cell before the cooling coil wes insteslled.
As the p- wes lowered, the color at tre time of forma-
tion chenged from a licht vellow to @ green vellow., The
green color wes very nronounced in the electrolyte of
4.5 DH. TForever, after being washed and dried, the
color of ¢11 the triels was very nearly of the sene
shade, The creen color mry tve due to the formation of
chromous acetate wrich is soluvle znd easily washes out,
The droo in the tvercent yvield in the last run seemns to
indicate that such a reaction may have taXken nlace, It
is better to operzte tle cell at a py of 6.5 to 6.8 since
tze finel color is the same regarcless of what the color
was when formed.

The change in the concentration of the electro-
lyte, vhen the acetic acid is added to change the »y, Tas
not taken into account. This is only a smell amount, znd
the voltcge shows thet the conductivity wes not raised an

avpreciavle amount.
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In this series of runs (TABLE III) tie tewmers-
ture wes veried from room temperature us to 50°C. The
resu't s show a2 s72all increase in current efficiency
but a darzenin~ of the color. Tre increase in terner-
¢ture increzses the conductivity and thus shows better
results, The chenge in color is more noticeable vren the
lead chromate is dry. This ccin in enerzy efficiency is
not sufficient to warrent heestins the electrolyte to 5000
end the darker color is not as desirsble. However, vhen
high current densities ere used, tzae temperature will
rise unless cooled. If the color difference did not
metter, then it would be better to ¢llow the temperature

to rise,

14
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The percent comdrosition of the electrnlyte is the
same in &ll cases excent that of the 10/ solution., The
10% solution if mzde like the others as %to percentage
conposition vwo:1d give the s=zme groduct &nd color but
would zdhere to the electrodes. The amcunt of curomete
must be lessened and so a diffefent com.osition vas

made. This gave smoother runs end a =wroduct of the same

<

color. Usin~ &% of =cetic acid merxes the py too low for

o

the 10% solution, so €% acetic acid wes used.
The color or current efficiency does not vary
with the chence in concentration. The energyv efficiency

end tre pounds rer kilowatt are the variables. These

nercent of solution, Triels Fo. 3 and 16 have vzlues
slichtly hicher then have tie others zt the sazme current
density.

The curve (see Graph I) indicates tiat over the
range from Q% solution to 10% solution, the energy effi-
ciency incresses considerable; but tnet above the 10%
golution there will only be a slight rise in the enercy
efficiency. o runs were nade with solutions of more
than 10%, Eowever, tests were —ade to see wiat the
voltege would be for solutions zbove the 1C%. The cur-
rent density was xent constznt end for ezch concentration

the voltoge was the same, Tris vould indicate thet the



solutions zbcve 10% are not more conductive then the 10%
solution, The curve is straichteninzg out and vears out
this fact. For tre eonve reason it would not ey to use

concentrations above 19%,

17
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All attempts to reise t':e current density above
these voints for the different nercent solutions re-
gulted only in 2n increase of the voltage. The readings
teien are for the lovest voltege et the highest current
density. Granh II shiors that the current density goes
un e2s thne nercent of solution is increased. The ¢re:ch
incicates thet solutions with o vercentege of concen-
tration sbvove 10% will not be agspreciably mnore conduct-
ive than *he 10% solution., This meeans thet the results
shotm in the previsus frzoh zre arrived at from another
roint of exneriment, The hi-hest percentage soluticns
are more ecocnomiczl to operate them at the meximum

cepacity of the cell.



a CIUTINUZUS RUN
% electrolyte 12¢%

7o composition 127 Sodium Caromete, & Sodium Acetate,
;v Acetic icid.

Time 12 rr,
Ter- at- =~0
Temcerature z37C.,

vz £€.5 --5.5

Voltege 2.5 volts '
Current density & #p./énm
Total =zmperes 259

Yiels 36 1lb,

Current efficiency 9J.6%
Energy efficiency 2.16%

Founds/zilowatt hr. 3,42

This run wes “ede to determine if the cell rvo:ld
worz continuously for a2 long vcriod of time und if a
vrocduct of the s:me quality could be obtained. Com-er-
cial chromic acid was used for tne first 10 rours, znd
then the acid from a rejected plating bath., The wroduct
renained the scme for the ten hours; but after the .lat-
ing =cid was used,tle varticles of Pc.CrQy did not seem
to settle out. It acted like colloicdzl suscension, Tie
color of the chromnste from the used chromic acid was of
a creen yvellow; but after being vwoshed free of all

ccetates, it vas nearly the same shade as that obtrined
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in the first psrt of thie run. This very clearly shoved
thet the cell rould work for an indefinite oerioc of
time. The last vart of the run snowed trnat tue effect
of some addition sgent would be to cruse a finer forma-
tion of perticles =znd pernacs a slightly different color.
A run was wade using the szme chromic acid, but the sul-
fates nad veen rewmoved, The cell worked in the same wey,
shoving that it was not sulfates which caused the emuls-

ified action.



DISCUS=ZION

During oseration -f the cell, the Py shiould not
be allowed to vary over 0,5 2E. «t low concentration
of chrometes they are removed if py rises and tzis cor—
dition is followed ©y e formation of sgongy lead. 1If
the py drons too much, the chromate will adhere to the
anodes znd cause the cell to cease operatinc. A4ll vork
in tis thesis was done with the py below 7. This does
not mean thet the cell vill not work at a Ligher py. If
e py above 7 is used, pure lead chrcmate will not be
formed out +ill yield a mixture of lead chromate and
lead oxide,

It is nct necessary to use a diaphram in the
making of lead chromate. Reduction will not take place
at the cothode azfter the cell has opnerated for a siort
time. A coating of chromium chromate forms over the
cathode and thus stovps 211 reduction which would tend
to take wnlace, Any coarse uazrticles present in the

lead chromate cen be removed by paescin the solution of

caromate and electrolyte as it comes from the cell through

a2 cloth of fine weave,
Tre lead chromate made with the various percent
solutions cf electrolyte ves in a comparatively oure

state., The chemicel enalvsis cav¥e a product of over

22



02% lead chromate. The coclor was not cdefinitely deter-
mined, but it aprears thet the hisher concentrztions rnd
the higher current densities give a lighter color =nd
also with nore luster, The product becomes finer as the
current cdensity eancd concentr=tion increeses. This was
deter~ined ty mixing a weiched anount of ground rb Crll
with a definite amount of raw linseed oil. The uoroduct
which took tne most o0il was sa2id to be the finest., This
mey be in error as the fine particles of powder micht be
acglomerates and thus use less oil.

The »nroduct when formed at the anodes did not ad-
here to the anodes but rolled <ff in & fine amorphous
state. wkile being washed, and filtered, the product
mas co fine that it would co throuch the filter pzper
until the nores of the pever had become filled. After
drying, tihe lead chromate is in chunks, and must be
ground. The state here mey be crystzlline =nd thus zc-
count for the chenge in color when drying.

Tre differences in current efficiency may be ac-
counted for in the »roduct lost in the washing end fil-
tering onerations. B3Because of the large quantity, it

was im:ossible to keep from a constant loss in each pro-

cedure. Also, the percentege of moisture rresent varies,

All drying ovperations were carried out in the eir at

room temnerature.

23



SULWLARY

Lead chiromete cen be made electrolytically in a sure
state by controlling the Py of the electioclyte .ith
acetic acid,

The nigher current densities and concentrations vield
a finer product.

A cnenge in color tezes plece vhen tre lead chiromate
is dried.

An increese in temnerature vill cause the sroduct to
be derxer anc will also increazse tae efficiencv of
tre cell.

The best results will be hrd with a 10% solution and
a feirly low current cdensity.

Cell will worx continuously for a long veriod of time,

oL
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