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PROVISIONAL SPECIFICATION.
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The following specification describes the nature of this inventicn,
Thiz is an invention by HANDADY VENKATARKRISHNA UDUPA and KAPISTHALAM CHETTLUR
NARASIMHAM, hoth of the Centrul Electrochemical Research Institute, Karaikudi, India, both Indisn citizens,

Lead dioxide could be deposited from solcble salis of
lead in agueous solution, is known from a very long time.
In recent years interest in this has grown very much and
2 considerable amount of work has been done in obtaining
lead dioxide deposits in a suitable way so as to use them
a5 electrodes, especially as anodes in electrolytic oxidations.
Concentrated sclution of lead nitrate has been suggested
as elestrolyte containing copper nitrate alse as one of the
baths from which lead dioxide eould be deposited. Several
metals have been used by various people on which lead
dioxide deposition conid be triesd. Reference ie alsy avail-
able to the fact thai lead dicxide depoma on graphite
Also.

In the preparation of these electrodes, a serious defect
sreported and observed by the present workers also is that
the deposit obtained is highly porous and unless sufficient-
Ty thick deposits are prepared, the deposited lead dioxide
‘gahnot be used as electyodes, Hoversl mearns of avoiding
pinholes by the addition of suitable suriace active agents,
jonic and non-ionio have been described in order ta obtain
smooth deposits without pinholes.

Attempte made so far have been to separate the jead

dioxide deposited from the basia materia) so that directly
it could be used ss electrodes, Making of electrical con-
taets on lead dioxide has always been a problem and several
patents have been taken out for the same. Using the
metal core itself for the lead dioxide deposit for comtack
and using in electrolysis has been reperted to be a failure
boeanse of the porosity of tha deposit and dissolution of
basis metal,
" 7The present invention takes into considerstion all the
various diffculties that are encountered in the preparation
.of Jead dicxide electrodes and describes & technique where-
- by it in possible to obtain the electrodes which can be
uséd with sdvantage in various elecirolytic processes.
The techuniyue consists in rotating the electrodes, in the
preparation of oylindrieal electrodes and giving a to-and-
fro motion to the same in the preparation of plate
electrodes. In the deposition of lead dioxide from nitrate
bath, free nitric scid is formed at the ancde and this is
neutralized by the addition of either capper earbonate or
lend carbonate or lead monoxide (Litharge) or lead
hydroxide. The carbon dioxide gas bubbles form at the
electrode surface alse, during the addition of eaghonates
and = porous deposit is normally obtained. No amount
of stirring the olectrolyte can change this state of affairs.
Movement of the anode in the way described, not only
favoure dislodging of the gas bubbles from the surfaca
but slso favours the dissipation of the nitric acid formed
into the bulk of the clectrolyte. The deposit obtained ia
%hus free from pores and the deposit is quite adherent
and compact, heving a emooth snrface without any lnmp
formation, especially at the edges in the prepsratlon of
plate olectrodes,

The other important step is the wsp of graphite as
basis material for deposition of lead dioxide. Not. only
vory adherent end mmooth deposit free from pores are
obtained, hut graphite itsalf oan be retained as the core
and ejectncal connection made on the same. Ouly the
portidn of the electrode covered with Iead dipzide 18
immersed in the electrolyts in regular electroiysis. It is
possible to obtain s thin deposit on graphite so that the
graphite is offcetively protected from disinfegration also.
Daposits upto 1 cmi thick or more can alse be obtained of

" graphite by the shovas technique. Thus, deposition of lead
dioxide on graphite serves 4 double purpose, (a) by effect-
. ing electrioal contact to lead dioxide elestrode by graphite
~ iteelf and (b) by protecting the grapbite from disintegra-

tion, In case the deposit cracks by use the surface of
graphite could be aguin smoothed oub and lead dioxide
deposited once more. The graphite care inside the lead
dioxide deposit is net objectionable, as metal cores have
been repurted to be, because even if graphite ix attacked
it will not introduee hermful impurities to the bath.

The invention may therefore he stated aa followwm,
Lead diexide is deposited on graphite anede which is
kept {a) rotaiing for cylindrical eloctrodes or (b) pgiven
a to-and.fro motion for plate electrodes from a bath con-
taining soluble salts of lead and copper, preferably lead
nilrate, so as to give smooth, adherent deposils free from
pmholas and umps.

ELECTROLYSIN
Solution containing 380 g/i lead nitrate snd 20 gf1
copper is the electrolyte. Graphite veds which have been
ithoroughly cleaned by msking them anodes in alkali and

plectrolyzing for 3 to § minutes at 1¢ amp/dm* and wash.

ing, are dried and used as snodes. 4 strips of gopper all’
connected st the lower end o0 as to form p cage like
ancangement served as cathode and favoured proper
current distribution on the anode. The anode was rotated
a{ an r.p.mn, verying from 500 to 2500 or above (157,
meters/min, to 785 meters/min. peripheral velocily)..
Other conditions of electrolysis wera:studied and tempera..
tare from 30°-80°C could be used, pH of the hath was.
maintsined botween 1-5 to 50. Anode current density
of 1 30 12 amps/dm® eould be employed and during olectro..
lysis, the nitrio acid iz neutralized either by the additiom
of lead carhonate or lesd monoxzide or lead hydroxide and
suitable amount of copper carbonate, Copper iz deposited
on tha copper cathode and could be rqdrssolvod in nitrip
acid and wsed either as copper nitrate or as copper
carbonnte by precipitating the seme from copper nitrate,
The cuprent efficioncy for all the experiments were very

rearly qusntitative on the basiz that two Waradays of

electricity are required to deposit a mole of lead diexide,

In the ¢ase of plate eloctrodes, an arrangement for o
%o-and-fro moving borizontel shaft wes got fabricated,
This shaft had a central slot through which the plaie
electrades could be euspended. Two cathodes on either
side of the anode were uted. In addition to the to-and-
fro movement of the plate anode, a stirrer wes also em-
ployed, io efectively react the lead carbomte with the.
atid in the electrolyte,

EX4AMPLES '

(&) Preparation of eytindrical elestrodes: 600 oe of
electrolyte was taken in 2 ¥-litre tall form begker. 1 em
diameter graphite rod was rotated at ¥500 r.p.m. The
apode current density was 6 amp/dm®. Depasitions werg
earried out for 4, 6 and 8 hours regpectively, The weight)
of the deposits obtained were 308, 407 and 535 g
respettively. THe temperature was 3{)"0 The deposits
were quite sdherent, smooth and shining. The current
efficienciea were almost quantitative and the electrodes
quite suitable for use in other processes,

The electrode prepared under exactly similar eonditions
but keeping the anode stationary were full of holes even
after € hours of deposition,

(ii) Graphite rods 1”7 in diameter and nesrly 107 long
wore similarly used and lead dioxide deposited on the same,

Preparation of plate electrodes: (D) In 2n oval glazed
porcelain tank, 3 litres of electrolyte was taken, A
graphite plate anode 15 cm x5 em was attached on to ¢he
to-and-fro moving shaft which was moving along the longep
axis of the oval vessel with about 1.5” displacement. oo
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eopper cathode strips of the same dimensions as the anode
are used on either side. Deposition at 25 anp was
carried out for ¢ hours and 4 hours wsing the to-snd-fro
motion of the anods. An adherent smooth depesit fres
from any nmodules at the edges was obtained to a height
of I3 om on the ancle. Deposit obtained keeping the
plate stationary, baod meny pinholes even ihough the
ourrent efficiency was quantitative in hoth the cases.
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(i1) Bimilarly, deposition of lead dioxide wag cafpied
out for 2 hours at higher current density (5 amp/dm®) to
give deposit which was very adhetent and smooth.

R. BHASHE AR PAL
. . Patents Offcer,
COUNCIL OF SCIENTIFIC & INDUSTRIAL

RESEARCH.
Dated this 10th doy of Decernber 1958,
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in which it is to be performed.

This is an invention by HANDADY VENKATAKRISHNA UDUPA

and KAPISTHALAM CHETTLUR

NARASIMHAM, both of the Certral Flectrochemmosl Research Institute, Karaikudi, India, both Indian citizens,

This invention relates to the preparation of lead
ioxide elecirodes for electrolysis.

The bse of several types of baths containing soluble
salts of lead under both acidic and alkaline conditipns
for the depomtion of lead dioxide haz been recommended
in hierature by earlier workers. In recent years, interest
iy the use of lead dioxide electrodes has been very much
in evidence and s conaiderable amwunt of work has heen
carried ‘out to obvein lead dioxide deprsits m a suatabie
form so as to use them as anodes i electrolysis. Tha
mest tmportant amdig the Gifferent bathe used so far
the mme conmsting of a concentrated solutwon of lead
nmigpete eontaining small amounts of copper mitrate alse
Jn this bath, the acid Dbberated 4s normalty neutralised by
the addition of leadl carbonate. Leand monozide and jeed
hydroxide can also be used for the same purpose, Cnpper
doposited Hrom ‘the bath is replenmshaed by the addition of
copper carbomate,

dIn the preparstion of lead dioxide elevtrodes, a serious
difficulty reported ‘earlier and also observed by ithe present
workers io ‘that the deposit cbtained on stationary anodes
i luphly porens and unless sufficiently thichk deposits are
propeyed the ddposited 'lead dioxide cannot be nsed es an
andgtlo, Ssveral means of avoiding pinholes and n poreuws
doposit by the eddition of suiteble suriaco sctive agentis,
ionic -and non-iogic have heon described in fiterature.

‘Earlier workers 'heve dttempted to separate the lead
Yioxide deposited on a bass materisl so that the lead
dioxide could ‘be Qirectly used as an anode by providme
guitable efectrical contsct for the same. The electrodes
used under such cases have been suffimently thick, massive
znd haavy and would normally be expensive hlso, involving
nigh energy consimption for'their preparation,

When 1t is not imtended to separabe the lead dioxide
frum the base materizl on which it 13 depesited, sttempts
fave been tmade $0 deposit lead dioxade on a base material
rhich will not normaliv be atlached wither during deposi-
kion or during its use as an anode in the electroly.is. The
base material mnsed by such imvestigators econsists of
tantalum, platinum, nwkel or platinum-clid-gantalom
which are highly oxpensive metals. Whenever the lead
dioxide deposit hes heen removed from the basis material
sueh as nickel or iron, the makmg of electrieaj contact
on the lead diowide has proved a difficult problam and
goveral processes have beem worked out for successful
methods of providing the sante. A few attempts by earlier
workers to leave the lead dioxide deposit on other metals
es base material for providing the elsctrical contact has
proved a failure in sectual practice during electrolysis,
because the hase material had itself dissolved and indro-
duced harmful imparies;into the electrolyte.

The present invenkion takes inbo econsideration the
various diffienlties that are encountered in the preparation
of lead dioxide electrndes and deseribes the technigque
adopted whareby it is possihle to ohtain electrodes which
can be used with advantage in various electwolfiic progetses,

The present invention for the preparation of lead
Jiotide electrndes consists in elertrotvtieally depositing
lead dioxide on graphite dnd/or carbon base material

anodes, using copper ecathodes, frem Waghs containing
soluble saits of lead, preferably from lead nitrate hath,

The sahent featuves which dwtingnish the present
practice as a unique technigue of obtaining lead diox’de
electrodes suitable for slecirolytic onldetions are given
below :

(a} Lead diexide is deposited from any of the haths
rontaining soluble salts of lead, on either siationary,
rotating or to-and-fro moving anodes of graphite and/or
eerbon so that the graphite and/or carbon themsalves act
as s means of poruling electmeal condact for the lead.
dioxide deposit. The graphite and/or cnrbon cores alse
aet ns the dead for the curient and they alos ast as suppovt
for mhe deposited fend dioweds so *hat 1t is possible to
obtamn deposits of any thickness to suit the purpose there-
by avoiding the need for providing amy other type of
clectrical.contact. Thus lead dionife can be depostted on
stationary .graphite and/or carbon ‘hase materwls at low
curreni densities (1 to 3 ampfdm’) and on moving
dleotrodes at currewt «dansities up ¢o 15 amp/dm®.  Lead
dioxide electrodes cam be prepared by depomiting the
same even 1o very thin layers (81 omm te 2 gmin) un
graphite and/ar .carbon base mszherials, *

{b) When lead dioxide is depesited on sbationany
graphite aud/or ecarbon rnodes from suiteble baths cap-
taining soluble ealts of lead, either iomic o mon-fonie
weiting agents -may h: added te the bath to ehtan
deposits free from porss and pinkoles. To obtain smooth,
adherent and compact depusit of lead domde, the
lechnique of rotation of the anode to -obtain cylintrieal
anodes and of giving a to.and fro motion in the prepara-
tion of plates may also be adopted.

{c} The electrodes thus prepared hgving ‘the ‘farilwy
of proper electrical contact serve the purpose of :the use
of these as lead dioxide amodes 1 eleotrolysis even tn
reactions whare praphite i attacked and disintegration
takes place so that this techniyue of depositing load dioxide
on graphite andfor carbon aets as an effeetive mnans
dlio of preventing the disintegration of graphite wnd/er
earbon,

(d) Even if there are any pinholes or Maws in the
deposit of lead dioxide on graphite zafljor ecatbon, the
basis material is not attucked to the same extent and
docs not introduce harmfu) impurities o the heth 8
metal hate materials would do during the elestrolvsis using
such electrodes,

(@) Tf the deposited leed dicxide vrachs or after Some-
times comes off the basis material of graphite andfor
carbon it iz possible o0 remove the same campletely and
re-deposit lead diozide en it onoe again so as tosrestore
the original dimensions of the electrode by depesiting .a
thicker coating of the sama,

The present inventionr may thereforo 'be stated -as
follows .

Lead dioxide is depasited {a) on graphite andfor carbon
anades as hasis material (b) kept stationary, or rovated
for the preparation of eylindrical electrodes or moved
to-and-fro for -the preparation of plate eloctrodes ‘from a
bath containing stluble salts of lead and copper, preferablp
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from lead nitrute and copper nitrate baths so as to give
a smooth, adherent and compuct deposit. T.ead carbonate
or lead monoxide énd copper carbonnte are added to the
e_leclt..rol-ybe 46 nsutralise the nitric acid formed simultane-
cusly. : ‘

ELECTROLY S8

Solution containing 800 gf1 to 500 gf1 lead nitrate
sud 20 p/1 copper nitrate ic the clectrolyte. Graphite or
carbon rods which have been thorouphly cleaned by
making tham anodes in alkali end electrolyzing for 3 to
& minutes at 10 amp/dm* and giving acid dip in dilute
nitric acid (10%) and washing, are dried and used as
enodes. ¢ strips of copper all connected at the lower end
so as to form a cage like arrongement servad as cathode
and favoured proper current distribution on the anode.
The anode was rotated at r.p.m. varying from 500 to 2500
or above (15-7 meters/min. to 785 meters/min. peripheral
veloeity), Other conditions of electrolysis were studied
and temperatare from 25°-80°C could he used, pH of the

bath was maintaineg between 1:0 to 50, Anode current -

density of (+2 t0 12 amp/dm?® could be employed and during
eloctrolysis, the nitric ucid wes neutratised either by the
addition of lead carbonate or lead monoxide or lead
hydroxide and copper carbonate or cupric hydroxide
equivalent to the amount of copper removed from the
bath by deposition on the cathode during electrolysis.
Copper is deposited on the copper cathods and could be
redissolved in nitric acid and used either as copper nitrate
or as copper carbonats by precipitating the same from
copper nitrate. The current efficiency for all the experi-
ments wers very nearly anantitative on the basiz that two
Faradays of elestricity are required to deposit a mole of
lead dioxide,

In the case of plate electrodes, rn arrangement for a
to-and-fro moving heorizontal shaft (A) was got fabrieated
{Bheet No. 1, Fig. 1 and 2 of accompanbying Jdrawings).
Fig. 1 represents the side view of the spparatus and
'Wig. 2 represents the top view of the same, The shafd
had & central slot (8) through which the plate electrodes
(B} could be suspended, Two cathodes on either side of
the anode were used. The to.and-fro movement was
brought ahout by tonnecting the shaft to a crank wheel
(C) which was run by a motar (M) by means of a pulley
{P)., Ir addition to the to-and-fro movement of the plate
anode, a stirrer was also employed to effectively react lead
carbonate with the peid formed in the electrolyte.

EXAMPLES
(s} Preparation of cylindrical electrodas:

Rutating anodes: 1

{i) 600 cc of electrolyte was taken in-a Llitre tall form
Lieaker. 1 em diameter graphite rod was rotated at 1500
r.p.m. The anode enrrent density was 6 amp/dm’.
Depositions were carried out for 2, 4, 6, and 8 honra
respootively. The weight of the deposists obtained were
15.05, 201, 40-7 and 585 g respectively. The temperature
was 30°C. The depostts were quite adherent, smooth and
ghining. The current efficiencies were almost quantitative
snd the electrodes quitz wuitable for use in other processes,
The sverage thickness of the deposits wave 0.48, 095, 13,
I8 mm for the corresponding experiments.

‘Phe electrodes prepared under exactly similar condi.
tions but keeping the anode statiomary were full of holes
even after 6 howrs of deposition,

(i1} {raphite rods 1" in diameter and nsarly 107 long

were similarly ussd and lead dioxide deposited on the same
at about 800 to 1000 r.p.m. for 2 hours, The sverage
thickness of the deposit was 0-5 mm.
(i) Similarly on a 1 cm dismeter graphite rod, fead
dioxide was deposited for half-ap-hour to give a thin,
uniform, adherent and smooth coating al a current depsity
of 6 amp/dm® at room tempetrature. The average thicknese
cf the deposit was 01 mm,

fiv) Deposit of lead dibxide wore aleo obtained on
carbon rods of 17 diameter by elactrolyzing lead nitrate
for half-an-hour and 2 hours respectively. The efficiencies

were almost quintitative atd sverage thickness of the
deposite were -1 mm, 05 mm respectively.
Stqtionary onodes: - ¢

{v) Bath containing 380 g/1 lead nitrate and 20';{1
copper nitrate wsas used at 30°C., A cplindrical {1 em
diameter) graphite rod wag used. a8 anade with 2 cage like
rathode rveferred to earlier. Ourrent density was
6 amp/dm® and the currént concentration was 2-3 amp/
Litre {or lower). Deposition wes cerried ocut for holf-an.
hour (a) without addition agent and (b) with Teepol (1 ¢
per litre) as addition agent. 'The deposition efficiency
wns guantitative and a thickness of (1 mm of deposit
was obtained in each case.

(by Prepareticn of plate elecirodes.

(i) In =an oval glazed porcelain tank, 3 litres of
electrolyte was takem. A graphite plate anode (B)
15 emx5 cm was attached on to the to-and-fro moving
ghaft (A)Y which was movieg along the longer axis
of the eoval vessel with about 1.5 displacement.
Twoe copper cathodes of snitable dimensions are used
on either side. Deposition at 2.5 amp was carried
out for 2 hours and 4 heurs wsing the to-and-fro motion
of the anode (1000 tc 1200 times/minute). An adherent
smooth deposit free from any nodules at the edpes was
chtained to a height of 18 em on the anode. Deposit
obtained keeping the plate stationary, had many pinholes
even though the current efficiency was quentitative in
both the oases.

(ii) Bimilarly, deposition of lead diozide was carried
out for 2 hours at higher current density (5 amp/dm* to
give deposit which was very adherent and smooth.

We claim:

1. A process for the preparation of lead diozide
electrodes which copaists in electrolytically depositing lead
dioxide on grapbite and/or carbon hase material anodes,
using copper cathodes, from haths gbntaining soluble salts
of lead, preferably from lead mitrate bath.

2, A process as claimed in Claim 1 wherein the anoda
is kept stationary or rotated for obtaining eylindrical
anodes end moved to-and-fro for preparing plate-type
anodes,

8. A process s claimed in Claim 2 wherein lead
inxide is deposited on stationary graphite and/or carbon
base materials at low current densities (01 to 3 amp/dm?)
and on moving electrodes at current densities upto
15 amp/dm®,

4. A process ss claimed in any of the preceding cleima
wherein 2 bath conteining 300 to 500 gf1 lead nitrate,
9 g/l copper nitrate at a temperature of 25°C to 80°C
and a current denzity of 01 to 15 ampfdm* and a bath
pH of 1 to 5 is employed and the nitric acid formed is
neutralised by lead hydroxide, lead monoxide or preferen-
tizlly by lead carbonate and copper carbonate.

5. A process as claimed in any of the preceding claime
wherein rotation of the anods to obtain cylindrical .
electrodes and to-and-fre motion to obtain plate type
anodes are employed whersin a peripheral valocity of 15
Yo 30 meters/ minute or ahove is employed for the electrades
so as to obtain a smooth, adherent, uniform and ehiny
deposit.

6. A process as claimed in any of the preceding claime-
wherein thoe copper deposiled on the cathode is disselved
in nitric acid so as to obtain copper nitrate which could
be dirzotly used or used as copper earbonate by precipitat-
ing the same from copper nitrate,

¥. A process as claimed in any of the preceding claima
wherein graphite and/or carbon cores are employed as
current leads, thereby providing proper electrical confnet
for the deposited lead dioxide.

8. A process es claimed in any of the preceding claims
wherein lead dioxide electrodes are prepared by depositing
the lead dioxide in very thin layers (31 mm to0 2 mm) on
graphite andjor carbon base materials which act as
support for the same.

9. A process as cdlaimed in any of the preceding claims.
whersin unatteckahle and non-disintegrating praphite
nnd for carbon electrodes ara prepared by depositing laad
dioxide on graphite andjor carbon base material



10. A -procesa an ¢laimed in any of the preceding claims
wherein the graphite and/or carben cores from which the
deposit 8s cracked and peeled off could be re-used by
sgain depositing Jead dioxzide on the said graphbite and/or
carbon cores.

11. A _process for the preparation of lead dioxide

MCIP Nanih—30—30 Pauai@—TBGT—TO0

66195

vlectrades on graphits andfor carbon bgse maferials as
substantially bereinhefore deseribed,
B. BHARBKAR PPAT,
Patents Officer,
COUNCIL OF BCIENTIFIC & INDUSTRIAL
RESEARCH.
Dated thia 27th day of August, 1969,
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