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PROVISIONAL SPECIFICATION,

IMPROVEMENTS IN AND RELATING TO THE PREPARATION OF PORSUS CARBON ELEC’I’KODES FROM
ACTIVE CARBONS FOR USE IN AIR DEPOLARISED CELLS,

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH Rarr Marg, New DELMi-1, INDIa, A INDIAN
REGISTERED BODY INCORPORATED UNDER THE REGISTRATION OF SOCIETIES AcT (Acr XXII or 1860).

The following specification describes the nature of this invention.

This is an invention by Abdul Khader Abdul Waheed
{Indian citizen), Scientist, Chinnasamy Chakkaravarthy
tIncian citizen), Senior Seientific  Asstistant, Michael
Angelo Vincent Devanathan {citizen of Ceylon}, Scien-
tist, and Kadarundaiige Sitarama Gururaja Doss
{Indian citizen), Direcior, all of the Central Electro-
chemical Research Institute. Karaikudi 3, Madras Siate.

This invention relates to a process for the manufac-
ture of porous carbon electrodes and in particular to
the manufacture of porous carbon electrodes by the
admixture of high conductivity carbon htack and acti-
vated vegetable carbon using a high polymer as binder.
Such carbon electrodes can be used in Air Depolarised
cells,

More particularly it relates to certain improve-
ments which give added advantages to the process des-
cribed in an earlier specification No. 90937,

In the specification of pending apoplication No.
90957 dateq 23-11-63 iz described a process for the
manufacture of porous carbon electrodes by the admix-
ture of acetylene black and activated vegetable carbon
using a high polymer as a binder.

in order to briefly restate the principle of the Air
Depolarised cell it may Le stated that this is a pri-
mary cell which utilises the oxygen of the air as the
cathode compenent and consists of a porous carbon
eiement as the cathede {(through which oxygen ({(air}
circulates and takes part in the reaction), zine as the
anode and sodium hydroxide as the electrolyte. Such
an Air Depolarised cell has an open circuit voltage of
1.40-1.45 volts, operates at 1.10-1.20 volts and hus a con-
stant voltage discharge curve for the entire running
period at norma) discharge rates: it is designed to be
assembled in the field.

The Air Depolarised cell has several application, for
instance in railway and marine sigmalling and switch
lamp lighting, telephone and other general insfrument
operaticns and emergency lighting.

According to the said specification the irvention
consisted of a process of making porous carbon elec-
trode elements wherein a mix of activated vegetable
carbon, acetylene black and a high polymer binder is
pressed in the form of the electrode element wsing a
suitable mould. After pressing the elecirode was allow-
ed to weather dry “in situ” in the aimosphere beiore
removal from the mould.

The high polymer binder is dissolved m a suitable
solvent (such as benzene or trichiorethylene) and acts
also as a water proofing ageni

it was stated thai an advantage of a porous carbon
ckectrode element eonstructed in accordance with ine
invention was that most of the element could be made
from indigenously available vegeiable carbon, the only
cther materials necessary being present in minor
amounts. For example, acetylene black may be present
in a proportion of about 10 per ceni. and the high poly-
mer hinder may be present in a proportion of about
3 per cent. by weight of the element.

Moreover, thé binder used in the manufacture of
the porous carbon electrode acts also as a water-
proofing agent. This result in reducing the number of
steps involved in the manufacture of carbon electrode
eiements from four, wiz these of Ginding, pressing,
baking and water-proofing, as performed in the usual
method of making porous carbon elecirode element, to
two, merely blending and pressing.

Further, the fact that the porous carbon electrode -
element consists of a blend of vegetable carbon, acely-
lene black and a high polymer binder and can be made
by a simple procedure involving no costly equipment
ia’mixer and a hydraulic press being all Lthat is re-
quired) makes production economical. .

Thus in the earlier specification it was empheosised
that the invention had for its main object 5 process
whereby a carbon electrode for air depolarised cells
could be made as far as possible from indigencusly
available marterials and by a simpler process resulling
in economy,

Following up with that objective, it was very de-
sirable that acetylene black be replaced with a mate-
rial more readily available indigencusly, at the same
time without detriment to any of the advantages of the
said process,

The object of the present invention is 1o effect speci-.
fically two improvements. The first of these relates to
maierials, namely, the replacement of acetylene black
by oiher forms of highly conducting carben blacks so
as to extend the scope of the earlier process of making
the perous carbon electirode. The high counduclivity
carbon black used in the present invention is more
specifically carbon hblack obtzined as 3  by-product
during the combustion of liquid naphtha in the fertiliser
plants. A few other forms of high conducting carbons
such as lamp black can also be used.

The replacement of the acetylene black by the car-
bon black results in a porous carbon electrocde of equal
physical and electrical characteristics.

The second relates to an improvement in the process
of making the porous carbon electrode. The improve-
ment lies in the fact that the elecirode is ejected from
the mould and dried at controlled temperature. instead
of being kept in the mould and allowed to dry in sity,
as described in the earlier specification No. 90957,

For comparison, the physical properties of carhon
black and acetylene black used in the invention are
given in Table 1,

TABLE I

Carbon black  Aceiylene block
0.18 gm/c.c 0.08 gm/e.c.
0.44¢ ohm.cm, 0.36 cam.cm.

1. Apparent density
2. Resistivity

The performance characteristics of the air depolaris-
ed cell incorporating the carbon electrode made either
with the inclusion of carbon black or acetylene black
are shown in Table IL '

TABLE II
Composition of the Open cirenit Short sircuit Closed circuit
electrode voltage current voliage at 1
chm lead
109, acetylene black
409, activated coco-
nut shell charcoal and
39, binder 1.40 volts 10,5 amps. 1.10 waolts
209, carborn black
8094 activat:d coco-
nut sh-1l charcoal & 4
39 hindar 1.40 volts  11.5 amps. LI0 wolts.

Price : TWO RUPEES.
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In order that the present invention, which eflfects
the aforesaid improvements, may be clearly under-
stood and practiged, the following procedure for mzking
porous carbon elecirode element for the special rail-
way -type air depolarised cell of capacity 500 watli
hours (the special railway tvpe air depolarised cell is
more fully described in B.S. 1335 : 1948) is doscribed
in detail in the following example.

EXAaMPLE

A blend consisting of activated carban fsuch as acti-
vated. coconut shell charcoal) in powvdered form, pre-
perably between —100 mesh and +140 mesh size, and a
smal] percentage of carbon black (ranging from 10 to
30 per cent. but preferably 20 per cent. wit/wt) to which
a high polymer binder cum waterproofling s#zent such
as perspex (ranging from 15 to 3 per cent. preferably
3 per cent. of the massg of the electrode) dissolved in a
suitable solvent (such as benzene or trichlorethylene)
had been added. was used for making the elect:odes.
The addition of high polymer in ratio of less than 1.5
per cent. tands to affect the mechanics: strength ad-
versely whereas a ratio of greater than 3 per cent,
tends to increase the resistance.

Approximately 560 gms. of activated coconut shell
charcoal and approximately 140 gms. of carbon black
were mixed using a kneading machine with the addi-
tion of about 20 gms. of a high polymer (such as per-
spex) dissolved in about 500 cc. of a suitable solvent
(such ag benzene or trichlorethylene). The carbon mix
was then pressed in the form cf an eleetrode af a pres-
sure of about half fon per sq. inch in the hydraulic
press, using a mould such a¢ one made of wood. After
pressing, the electrode was ejrcted cut from the motld
using a suitable plunger in the hydraulic press. The
electrode was then dried at controlled temperature
{around 100°C.) for nearly iwelve to eighteen hours.

{For electrica} contact. a central mild steel rod 3 dia.
{nickel plated) with a smaller mild steel disc ({uickel
plated) on top and a bigger one at the Lotlem of the
electrode was used. The discs were kept in conlact
with the electrode using suitable nuis.)
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A seamless plastic or rubber ring 27 wide and 1/16”
thick was then inserted around the top portion of the
elecirode. Wax coaiing was given at the lower end of
the plastic or rubber ring to avoid seepage of ihe elec-
trolyte {o the top surface of the carbon electrode. The
electrode made in the akove manner could then be
assemiled into an AIR DEPOLARISED CELL,

Tha air depolarised cell assemlkiled from the porous
carbon electrode element made according 1o the inven-
tion deseribed hereinbefore gives an open circuit wvol-
tage of 1.4 volis and short circuit current of ahout ien
amperes {as measured with a 20 ampere range ammster)

For the shape and dimensions of the porous carbon
electrode, refersmce may be made to Figures 1 aznd 2
of the accompanying drawings showing the top view
and the secticnzl elevational view respectively of the
porous carbon electrode.

The example describes in detail the method of mak-
Ing porous carbon electrode element, in particular, that
of the special railway type air depolarised cell of 500
watt hour capacity. However, it will be appreciaizd
that the invention mav be utilised in the manufacture
of porous carbon electrode elements for other tvpes of
air depolarised cells, as also porous carbon ecicelrodes
for any other use

ADVANTAGES

By virtue of the advantege of being able to use an
alternative material such as carbon black in the pizce
of acelyiene black, the alternative material at ihe same
time heing indigenously available. as alse by using the
ejection method, which makes the process faster and
also by using more controlled conditions of subsequent
dryinz of the electrodes, the complete process becomes
versatile.

R. BHASKAR PAlI,
Patenis Officer,
Council of Scientific & Industrial Research.

Duted pus 29th day of September 1966,

COMPLETE SPECIFICATION.

IMPROVEMENTS IN AND RELATING TO THE PREPARATION OF POROUS CARBON ELECTRODES FROM
ACTIVE CARBONS FOR USE IN AIR DEPOLARISED CELLS.

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH RarFt MARg, New DELHi-1, Ispra, A InDIAN
REGISTERED BODY INCORPORATED UNDER THE REGISTRATION OF SOCIETIES AcT {(Acr XXII or 1860).

The following specification particulgrly describes and ascertains the nature of this invention and
the manner in which it is to be performad.

This is an invention by : Abdul Khader Abdul
Waheed {Indian citizen), Secientist, Chinnasamy . Chak-
karavarthy (Indian citizen), Senior Scientific Assisiant,
Michael Angelo Vincent Devanathan - (Citizen of
Ceylon). Scientist. and Kadarundalige Sitarama Guru-
raja Doss, (Indian citizen), Director, all of the Central
Electrochemical Research Institute, Karaikudi-3, Madras
State.

This invention relates tc a procesg for the mueru-
facture of porous carbon elecirodes and in rariicular
to the manufacture of porous carbon elecirodes by the
admixture of high conductivity carbon black and
activated vepetable carbon using a high polymer as
binder. Such carbon elecirodes can he used in  Alr
Depolarised cells.

More particularly it relates to certain improvements
which give added advantages to the process described
in an earlier specification No. 90957. In the specifica-
tion of 90957, dated 23.11.1963 (sealed), is described a
process for the manufacture of porous carbon elec-
trodes by the admixture of acetylene black ind acliva-
ted vegetable carbon using a high polymer as birder.

The well knowl air depolarised cell is a primary cell
which uiilises the oxygen of the air as the calhode com-

ponent and consists of a porous carbon clement as the
cathode (through which oxygen (air) circulates and
takes part in the reaction) zinc as the anode and
sodium hydroxide as the electrolyte. Such an air de-
polarised cell has an oben circuit voltags of 1.40-1.45
volts, operates at 1-10-1.20 wvolis and has a constant vol-
tage discharge curve for the entire running peried at
ncrmal discharge rates’; it is designed to be assembled
in the fleld.

The cell reactions are as follows :

QOver all anodic reaction ;

Zn+40H — ZnOy4-2MLO-2%
QOverall cathodic reactionn 1 2e4+0+H.0 -~ 20H
Overall ceil reaction :

Zn+4+20H4-0 o ZrO:+HO

The air depolarised cell has several civil and mili-
tary applications; however, it findg its <pecial use an
a large scale in railway signalling.

According to the sald specification, the invention
consisted of a process of making porous carbon elec-
trode elements wherein a mix of activated vegetahle
carbon, acetylené black and a high polymer brinder is
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pressed in the form of the electrode element vsing a
suitable mould. After pressing, the electrode was allow-
ed to weather dry ‘in sity’ in the atmosphere hefore
removal from the mould. The high polymer binder is
dissolved in a suitable solvent {such as benzene or tri-
chlorethylene) and acts alsg as a waler preoofing: agent.

The advantages of the invention lay in the fact of
the main constituent, namely the activated vegetable
carbon being available indigenously, the only other
materials necessary being in small amounts, for insiance
aceyviene black (5-15 per cent) and high polymer kirder
(1.5-3 par cent.), as also in the fact of the bhinder being
at the same time a waler-proofing ageni; the latter
aspect eliminates the steps of baking and separate
water-proofing; in  the conventional method, thus
resulting in simplification and economy.

Fellowing up with the objectives of Indigenous
availability and economy, it was very dasirakle that
acetylene black be replaced with a material mecre
readily availztle indigenously at the same time wilhout
detriment either to any of the advantages of the said
p oresgz or to the physical and electirieal charactervisties
of the resulling electrode.

. The. abject of the present inventiion is to effect spe-
cifizally two imp-ovements.

According to the present invention, the process for
making porous carbon electrcde zlement for use in air
denclarised cells by mixing activated vegetable char-
coal, more particularly activated cccoanut shel' char-
enal with carbon black and a high pblymer, c¢izsolved
in a scivent pressuve moulding and drying the carbon
element iz characterised in that the ecarbon element
is ejected from the mould in the wet condition prior to
drying.

ihe drying is done at a conirolled {emperature of
ahsut 70°C. The drying is complete within six hours.

A highly conducting carben black obtained as a by-
produc; in the combustion of laquid naphtha in the fer-
tilizer indusiry is used. A highly conducting carlon
such as lamp black may also be used.

Carbaa black ranging from 13-30 per cent. 1.y weight
of the elecirode is used.

The invention inciudes within its scope a porous
carbon electrode element for use in air depolarised cells
prepared according to the invented process angd also
the porous carbon electrode element when used in an
air depolarised cell,

The process tous replaces acetylene bhlack hy olher
forms of highly conducting carbon blacks so ns  to
exiend the scope of the earlier process of making the
porous carbon electrode. The high conductivity  car-
ten black used in the present invention is more speci-
fically a cerbon black obtained as a hy-product during
the combustion of liguid naphtha in {fertilizer plants.
It iz usvaily obtained in the form of carkon pellets con-
taining 65-70 per cent by weight of fuel oil, In order
that the carbon “lack is in a form suitable for vse in
the making of the porous carbon electrode, the ¢il from
the peliets is remeved. for instance by subjecting the

. pellets o iznition. A few other forms of high conduet-
ing carbong such as lamp black can also be used.

The replacement of the acetylene black Ly the car-
bon black results in a_porous carken electrode ¢f egqual
phyeical and electrical characteristics,

The second improvement relates fo the process of
making the porous carbon electrode. The improvement
lies in the fact thai the elzctrode is ejected from the

" mould and dried at controlled temperature at about
70°C., instead of being kept in the mould and allowed
to dry ‘in sitw’, as described in the earlier specification
No. 90957,

For comparizen, the physical properties of acelylene
black and carbon black used in the invention are
given in Table L

TABLE I
Acetylene black
0.08 gm/e.ec.
0.36 chm.em,

Carbor black
0.18 gm/e.c.
0.44 chin.em,

The performance characteristics of the air depolaris-
ed cell incorporating the carbon electrode made either

1. Apparent density -
2. Resistivity

with the inclugion of acetylene black or carbon tlack
are shown in Table IL

TABLE '1I

Composi‘jen of th:  Op acircuit Shott cireuit Closcd cireuit
el ctrod= voltag? GUIT. 0. vol. at on

ohm. lpad

0L ac tyl n bl k
94 activated coco-
aut sh I charcual

anl 3% binder 1.40 volts 10.5 amps 1.10 volts

20 17 carbun black

504 activat «le co-
nn  sh U charcosl

ant 39 binder 1.40 volta 11.5 amps 110 velts

In order that the present invention, which wffects
the gioresaid improvements, may be clearly undersicod
ang practised, the icllowing procedure for meking
porcus carbon electrode element for the special rajl
way type alr depolarised cell of capacity 500 watt
hours (the speeial railway type air depolarised cell is
more described in  B.S. 1335 : 1946) is described in
detgil in the following example.

EXAMPLE

A blend consisting of aciivated carben {(such as
activated coconut shell charcoaly in powdered frrm,
preferacly between —100 and 140 mesh size, and a
small percentage of carhbon Hlack (ranging from 10 {o
30 per cent. but preferably 20 per cent wt/wt)
to which a high polymer binder—<um-waterproofing
agent such as perspex (ranging from 1.5 to 3 per cent.,
preferably 3 per ceni. of the mass of the electrods) ais-
solved in a suitable solvent (such as benzene or - tri-
chlorethylene) had been added, was used for making
the electrodes. The particle size of the activated
coconut shell charcoal has a bearing on the mechanical
strength and poresity of the finished electrode. S!mi-
larly regarding the quantities of constituents, it may
be stated that carbon black if present in amounts less
than 10 per cent. does not impart sufficient electrical
conductivily whereas if present in amounts more than
30 per cent. adversely affects the mechanical sirength
of the resulting elecirode. Similarly if the high poly-
mer bhinder (such as perspex) were added only in an
amount of upto 1.5 per cent. by weight, the mechanical
strength of the completed electrode element wv.ould he
adversely affecied whereas if more than 3 per cent. by
weight were added, the resistance of the electrodes
wotlld tend to increase.

Approximately, 560 pms of activated coconut shell
charccal and approximately 140 gms of carbon hlack
were mixed using a Kneading machine with the addi-
tion of about 20 gm of a high polymer (such as perspex)
dizsclved in sbout 500 c.c. of a suitable solvent {(such
as benzene or trichlorethylene). The carbon mix then
pressed in the form of an electrode at a pressure of
abaut half ton per square inch in the hydraulic press
using a mould such as one made of wood. Flacing of a
seamlesg plastic or rubker ring 27 wide and 1/167
thick arcung the top portion of the electrode is also
done at this siage., After presszing, the electrode was
ejected out from the mould using a suitable pluzger
in the hydraulic press. The electrode was then dried
at controlled temperature (around 70°C.) for nearly 12
to 18 hours.

For electrical contact, 2 ceniral mild steel rud &~
diameter (nickel plated) with a smaller mild steel dise
(nickel plated) on top and a higger one at the bottom of
the elecirode was used. The dises were kapt in  con-
tact with the electrode using suitable nuts,

The air depolarised cell assembled from the porous
carbon electrode element made according to ths inven-
tion Jescribed hereinbefore gives an open cirsuit vel-
tage of 1.40 volis and short circuit current of about
10 amps. {as measured with a 20 amp. range ammeter;.

The erample describes in  detail the method of
making porous carbon electrode element. in particular
that of the special railway type air depslarised cell of
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500 wati hour capacity. However, it will ke appre-
ciated that the invention may be utilised in the manu-
facture of porous carbon elecirode elemenis for olher
types of air depolarised cells, as also porous carbon
elecirodes for any other use.

ADVANTAGES

By virtue of the advantage of being able fo use an
alternative material such as carbon black in the place
of acetylene black, the alternative material at the
same time being indigencusly available, as aiso by
using the ejection method, which makes the process
faster and by wusing more controiled conditions of
subsequent drying of the elecirede, the complete pro-
cegs hecomes versaiile,

We claim :

1. A process for making porous carbon electrode
element for use in air depolarised cells by mixing
activated vegeteble charcoal, more particularly activat-
ed cocoanut shell charcoal with carbon black and a high
polymer, dissolved in a solvent, pressure moulding and
drying the carban element which is characterised in
that the carbon element ig ejected from the mould in
the wet condition prior to drying.

—

MG IPC—S820—~% Patent)71—30-6-73—200,

2. A process as claimed in Claim 1  wherein the
drying is done at a controlled temperature of about
70°C,

3. A process as claimad in Claim 1 or 2 wherein
the drying is complete within six hours.

4. A process as claimed in any of the preceding
claims wherein is used a highly cenduc.ing cirben black
o-tained as 3 by-product in the comuusiicn of liguid
naphtha in the fertilizer indusiry.

5. A process as claimed in any of the preceding
claims wherein a highly conducling carbon s.ch as
lamp black is used.

6. A process as claimed in any of the preceding
claims wherein is used carbon black ranging from
10-30 per cent. by weight of the electrode.

7. Porous carbon electrode element for use in air
depolarised ceils, made by the process substantially
described herein.

R. BHASKAR PAI
Patents Officer,
Council fo Scientific & Industrial Research.

Dated this 29th day of July 1967.

+
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