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Hitherto it has been proprhed to use sintered porous mesal
elactrodes of two layer DSK type with Kaney silver as csizlyst
and carbonyl nickel as thé supporting matrix, Onelof the lay=r<
QY the two layer DSK el~ctrode called the protective lﬁyet
containe either carbcny! nickel or carbonyl nickel and Haney
silver of suitable particle size. The second layer, heretofore
celled (or kuown as) operating layer contains Rsney silver anu
cérbonyl nickel in the weight ratio, varying from 131 to 1:10.40

ard potassium chlorice as filler waterial. The two layer DSK

—
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eslectrodes are metde by hot pressing in tne tewperature rang
i - " h -
300.5009C at & sressure of 1.01% tfuue/cmd. Afver hot uressing

the fililer asterial is vemovey a1 chen the aluminiur in the

Rancy silver alloy is leached out with poltassium hyaroxide
solutious.The poldrisation characteristic of two layer DSK type
electrode containing aocut C.3 - 0.4 g/cm2 Reney silver catalyst,
reported 1u literature is about 100 mv at & c.d. of &0 ma/cmz.
The polarisation of tnree iayer D3K type oxyuen electrous
containing about 5% by welight of 31lver in the cperating layer

n
fias been reportea as 220 wv ut & c.d. of 60 nafem”.

This is open o Lhe objection that the preparation of Ransy-
silver i.s., silver-aluminiuw alloy in the powder form is quite
an involved process and proper quenchuing ot the ulloy meli is
necessery for the preparsation of the alloy in powder fcrm.Further
the electrodes camnot de prepared by cold-pressing and siateriany
at high tempersture, i.e., above GOC°C along with nickel
contalning supporting matrix as at tﬂese temparaturss an alloy oi
the composition Ni Al will be formed whiéh is not attacked by KCH.
Thus the‘%@ney silver suitable for oxygen electrodes is not
obtained by this. The electroaes sﬁould,therefore, be hot pressed
and the aluminiam in the silver-saluminjum alloy leached out by
treatment with KOH. The object of this iavention is to obviate
these disadvantages by employing the following catalysts, silver
formed in situ from silver carbonate(I), silver-cadmium formed
on Alzo3 carrier(II), acetylene black impregnated with silver(III).
ia the place of Raney-silver in the two layer O5K electrodes

used as oxygean electrode in the hydrogen-oxygen fuel cell.

To these ends the invention broadly consists -in making
sintered porous metal electrodes of the two layer DK typs, with
- Pare nickel &s tne supporting matrix and aay one of the
follovi;g catalyst, silver (formec ia situ from silver ecarbonate)
(I); silver-cadmium om Al,0y ca?rier:(II) and acetylene bleck
impreéhatéd with silver(III) in the operating layer. The

operating layer contains Pure, nickel and the catalyst ia
3
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suitable proportions. A filler such as potassium chloride or
nephthalene is added to the extent of about 10% by weight, while
making the pellet before pressing and sintsring. The catdlygt,
¥Pure nickel and tiller material have é particle size in the
range -220 to +400 mesh, the optimum size teing -300 +400‘mesh
The protective layer consists of either pure sarponyl nickel or
a mixture of’ -Pu%}qb nickel ana the catalysts. The elegtrodes are
made by cold pfaés;ng vith a pressing pressure of 2 to § tonne/cn2
and sintered at a temperature range of 600° fo 800°C the optimum
temperature being 600° to 650°C. The sintering is carriea out in
an atmosphere of hydrogen or nitrbgen. The operating layer of
the electrode containing catalyst (I) is prepared by forming the
silver in situ from silver carbonate. The silver carbonate is
mixed with  “Pure ‘nickel, in the ratio ranging from 0.5:1 to
130.5 the optimum ratio being 1:1, along with & filler material.
The amount of filler used is 108 by weight of the total mix.

The catalyst (II1} is prepared by coprecipitating silver orxide,
madmium hydroxide and aluminium hydroxide from a solution
contaiuning 170 g/1 of silver ﬁitrata, 81 g of Cd(N05)2 4 H20
and 320 ‘g of aluminiua nitrate with 6 normal p?tassium hydroxide .
The precipitate is washed and dried at 110-1209C. The dried mass
is then heated at 700°C ia nitrogen atmosphere‘for 2 to 6 hours.
The catalyst has been'found to contain 40% by weight silver,

14% cadmium and the rest A1203, The product is then powdered to
the desired particle size and mixed with "Pure ‘M nickel and
filler material and the electrodes are preﬁared as described above.
The ratio of catalyst to Pure nickel can be in tpé range

331 to 1:5 the optimum ratio being 113 to 1:14.

The catalyst (III) acetylene black impregnated with silver
is prepared by the following method. The required quantity of
acetylene black is soaked in & silver nitrate solution of concentra-
tion 5 to 154 (by weight) containing 0.5% by weight of Tritom X-100
as wetting agent, for a period of about 40 to 80 hours. Ihe
acetylene black 1s then filtered,,dried‘and decomposed in hyurogen

atmosphere at 4509C for 90 wmins. The amount of silver pressnt in
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‘the acetylene varies from 15 to 30%(by weight) depending upon

ﬁhe concentration of silver nitrate solution taken iaitially.
PaYe wr. nickel is mixed with catalyst (III), the catalyss

concentration being in the range 1-3% (b& weight), along with
filler material. The sintered electrode is prepared as given

above. The optimum catalyst concentration is 2% by weight.

The two layer LSK electrodes after removal of the filler
material, if potassium chloride has been used as the filler,
is used as oxygen electrode at & gas pressure of 1 to 1.5 ata
(gauge preéssure) and the polarisation characteristics of the
electrode conpdred with the reported values of an electrode

containing Raney-silver catalyst.

EXAMPLE I
Preparation of two layer DSK type eiectrode
containing Ca*alysﬁl!! :

Blectrode size 1 2.2 ém dia.

Weight of the operating layer 1 2 g
including the filler material

2 g

Weight of the prptepﬁ}ve layer
consisting of .. Pure’y nickel
of ~325 tolgggp partidles

Ratio of . - Purgl nickel to 1 111
silver carbonate both haviag

a particle sizeé of -300 to

+325

Amount of potassium chloride 3 104 dy weight
filler used

0 ) 2
Pressing pressure 1 3.048 tonne/om
Sintered at 600°C in nitrogen atmosphere for 1 hour
- 2
Amount of silver ocatalyst 1 0.17 g/om

Polarisation characteristics:

Electrolyte s 6 M KOH
Temperature 3 60°C
1.{ - 1,2 atm (gauge
Oxygen gas pressure ! pr."ur°y
tial ¢ +1030 mv (vs hydrogen’
Initial rest poten electrode ia the same
solution) 2
_Polarisation : 240 mv 3t & 0.4. of 60 wn/cn
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EXAMPLE-11

Preparation of two layer D3SE electroue containing
catalyst (II)

Electrode size 1 2.2 cm.{dia.)
Weight of the operating layer : 2 g
(inclnding failer)
Weight of the pratective i 22
layer consisting of Pure -
nickel of particle size
-325 to +400
Ratio of catalyst : 134

« A D !\_\.:\
Ag. Caf Alzos)_h_ ¢

to nickel particle size of
the catalyst and Pupe -300 to +325
nickel powders

Amount of potassium chtioride
filler

Pressing pressuare

(39

10% by weight

2.54 tonne/cm2

a

Sintering temperature 600°C .in Nitrogen atmosphere

Amount of silver catalyst : 0.045 g/cm”

Polarisation chiracteristics:

Elecirolyte : 6 M XOH

Temp. s 60°C

Oxygen gas pressure ": 0.9 atm(gauge pressure)

Initial rest potential + +920 mv (vs Hydrogen
slectrode in the same
solution)

Polarisation : 240 mv at & c¢.d. of 60 mq/cm2

EXAMPLE-IIT

Preparation of two layer USK type electrode containing
catalyst (III). The preparation conditions are the same as in
example II except for the fiiler. Potassium thloride is used
instead of naphthalene.(10% by weight).

Polarisation characteristics:

Electrolyte :+ 6 M KOH
Tenmperature s 60°C
Oxygen gas pressure : 1.4 atm.

+940 mv (vs Hyarogen
electroae in the same
solution)

Initial rest potential
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et
EXAMPLE IV:

Preparation of Two laver DSK tyoe elsctrode using
catalyst (1II)

2.2 cm dia,

BElectrode size

weight of catalyst, Pare 1 2 g
nickel and filler usea for
the operatin:g layer

fatalyst concentration : 0.04 g

particle size =300 to +325

Fillex

Potassium chlorice
{(10% by weignt)

Protective layer:

Weight of pyre nickel 1.96 g
0.04 g

3.048 tonne/cm2

Meight of catalyst

Pressing pressure

Sintering temperature 650°C in hydrogen atmosphere

Amount of silver present s+ 0,003 g/’cm2
in the electroae

Polarisation characteristics:

£lectrolyte : 6\ﬁ KOH

Temperature : 60¢C

Oxygen gas pressure 1.5 atm.(gauge pressure)

Initial rest potential +980 mv (vs Hyurogen electro:

) in Lhe same aolut%on)
Polarisation : 185 mv at 60 ma/cm

o

The following are amonz the miin aavantages ol the Luvention
1)Tne metnoa of preparatvion of catalysts is simple auad
does not involve any cvritical cengitions.

2)The step involving lezching of aluminium from the
sintered electrode is eliminated.

3)Wnhen anaphthalene 15 usea as a filler, the electroas
can be used immediately aiter sintering.

4)The amount of silver catalyst usca is considerably less
than those reportea in literature,
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This invention relates to improvesents in or relating to the
preparation of sintered porous metal electrodes of the two-layer
DSK -type containing silver catalysts to be used as oxygen electrode
in low~temperature 1-12-0:2 Fuel cells. The Puel cells will serve as a

power source and an energy storage device with varied applications.

The sintered porous metal electrodes of the two-layer DSK type
for use as oxygen electrode in the low temperature Hydrogen-Oxygen
fuel 2ell have hithertoc been prepared with a protective layer made
of either carbonyl nickel or pure nickel of suitable particle size
and an operating layer made of carbonyl nickel or pure nickel in
combination with Raney silver/silver-aluminium alloy}and potassium
chloride as filler. The weight ratio of carbonyl nickel (or pure
nickel) to Raney silver in the operating layer is in the range
131 to 1:0.4. The electrodes are made by hot pressing at a temperature
in the range 300°-500°C and at a pressing pressure of 1.016 tonnes/ -
en?. After the eiectr;de is made by hot pressing the filler is
removed by treatment with hot water and the aluminium in ﬁhe Raney

silver is removed by leaching with potassium hydroxide.

The following are the drawbacks of the hitherto known
proceas:

1)The preparation of Raney silver in powder form is guite an
involved process and proper quenching of the alloy melt is necessary
for the preparation of the alloy in powder form.

11)The electrodes have to be hot-pressed and cannot be prepared
by cold-pressing and sintering at high tsmperature, i.e., above

6°€=I°c L]
0
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The main object of the invention is to prepare sintered
porous metal electrodes of the two-layer DSK type with silver
catalysts other than Raney silver catalyst.

According to the present invention, there is provided a
process for the praparation of sintered porous metal electrodes
of the two-layer DSK (Doppel-skeletal-Katalysator) type for use
as oxygen electrode in low temperature hydrogen-oxygen fuel cell
by mixing carbonyl nickel or pufe nickel with a silver catalyst
characterised in that the silver catalyat is prepared directly in
powder form by (i) forming silver in situ from silver carbonate, |
(11) forming silver cadmium on alumina carrier, or (iii) impregnating
acetelene black with silvor’further chg;actc;isod in that pure
nickel or carbonyl nickel is mixed with spy of the silver catalysta
‘thus obtained using naphthalene as filler té form an operating
layer, compacting by cold pressing the apeyating layer, vith pure
or carbonyl nickel as a protective layer qunnintering the compact
in the range of 600°C to 800°C in hydrogen or inert atmogphere.

The protective and operating layer ars compacted by cold
pressing at a pressing pressure of 2 to 5 tonnes clz and sintering
the compact in the range of temperatures from 600-800°C in hydrogen

or inert atmosphere.

Any of the silver catalysts may be mixed with pure nickel _
or carbonyl nickel in the weight ratio 131 tq 1:10.025, the particle

size of both being in the range 45-53 microns and naphthalene
as filler 10% by weight.

"
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Pure or carbonyl nickel of particle size 10 tc 30 microns
is used as the protective layer.

The relative amounts of the protective and operating layers
may vary between.i:!1 to 2:3, at a pressing pressure of 2 to 5

tonnos/cnz by cold pressing.

The concentration of silver in the electrode is in the range
3-200 ng/onz.

Silver cadmium may be formed on alumina using silver and
oadmium in the range at 32 to 41% and 5 to 14% by weight respectively.

Acetylene black may be impregnated with silver of concentration
in the range 15 to 30% by weight.

The three silver catalysts vere prepared as follows:

1)The required smount of silver carbonate is mixed with pure
nickel in the ratio ranging from 132 to 231 along with the ruquircd
quantity of the filler to form the operating layer of the two-~layer
DSK electrode which on sintering after compaction gives silver
dispersed in the operating layer.

1i)Silver oxide, cadmium hydroxide and aluminium hydroxide are
co-precipitated from a solution containing silver nitrate of
concentration in the range 203 &/1 to 159 g/1, ocedmium nitrate
(aydrated) of concentration in the range 38 g/1 to 94 g/1 snd
aluminium nitrate(hydrated) of concentration 320 g/1, with 6N
potassium hydroxide. The precipitate is washed and driéd and the
dried mass is heated at1400°c in nitrogen atmosphere. for 2-6 hours
to get a catalyst containing silver in the range 41 .%o 324 by weight,

j2—
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cadmiur 5 to 14% by weight and the rest being Al05 depending upon

the initial concentrations of the constituents in solution.

111)The catalyst, acetylene black impregnated with silver is
prepared by soaking required quantity of acetylene black in ; silver
nitrats solution of concentration 5-15% by wt. and containing 0.5%
by wt. of Triton X-100 is wvetting agent for a period of 40-80 hours.
The acetylene black is then filtered, dried and decomposed in
hydrogen atm. at 450°C for 90 minutes. The amount of silver present
in the acetylene blaék was found to vary from 15-30% by vt.doponding
upon the initial codccntratioh of silver nitrate taken.

The method of preparation of these three catalysts are very
simple and does not involve any critical cohdition and can be
obtained in powder form. The concentration of silver c:taiynts is
rolat;vgly small vhen incorporated in the operating layer of the
two-lgyer DSK type electrode.

It has been found that naphthalene can be used as a -filler
instead of potassium chloride which avoids the additional step of
removing the filler after sintering.

The electrode thus consists of one protective layer made of
pure nickel of suitable particle size and an operatiﬁg layer
comtaining pure nickel, one of the three silver catalysts and
naphthalens as filler. The required quantity of the components
of the two layers are taken, compacted by cold prosaing and sintered
at high temperature in hydrogen or nitrogen. The filler, naphthalene,
is removed during sintering process.

-—'3-
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The sintered porous metal electrodes are made by taking
suitvable amounts of the components for the protective layer and
operating layer in the weight ratio 1:1 to 2:3, cold pressing at a
pressure of 2-5 tonnes/cmz, the preferred pressure being 2.5 to 3.0
tonnes/cm2 and sintering the cémpact at temperatures in the range
600-800°C, the preferred temperature being 650°C - TO0°C in hydrogen
or aitrogen atm. for 30 minutes. The particle size of the pure
nicgel in the protective layer is in the range of 37-4% microns
while the particle size of pure nickel, silver catalysts and the
filler in the operating layer is in the range 45-53 microns, the
preferred range being 45~50 microns. The weight ratio of pure nickel
to catalysts in the operating layer can be in the range 131, 134
and 1:0.2 for the three silver catalysts respectively. The si;ver
catalysts are prepared by the procedures already described above.
The electrodes so prepared were tested as oxygen electrode at an
oxygen gas pressure of 1-1.5 atm. (gauge pressure) ani tho
polarisation characteristics of the 2lectrodes were found comparable
with the reported values of an electrode containing Kaney silver
as catalysts.

Few typical examples are given below:

EXAMPLE 1:
P argtion of two la SK ¢ electrode containi Cat .t X
Blectrode size t 2.2 cm. dia.

Weight of the operating layer
including the filler material s 2 g

Weight of the protective layer : 2 g
consisting of pure nickel of
37 to 4?3(-L

4
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Ratio of pure nickel to silver
carbonate both having a particle
size of 45% to 50

Amount of pdtassium chloride
filler used

Pressing pressure

1:1

10% by weight

3.048 tonnes/cn2

Sintered at 600°C in nitrogen atm.for 1 hr.

Amount of silver catalyst

Polarisation characteristics:
Blectrolyte

Temperature
Oxygen gas pressure
Initial rest potential

Polarisation

EXAMPLE-IT

0.17 g/cm®

6N KOH
60°C
1.1 - 1.2 atm(gauge pressure)

+1030 mV(vs hydrogen electrode
in the same solution)

240 mV at a c.d. of 60m./el2

Preparation of two-layer DSK electrode containing catalyst(II)
Catalyst contains 34% by wt. of silver,. 12% by wt.of cadmium

and the rest A1203

Eiectrode gize

wt.of the operatin

layer
(including filler

e

Wt.of the protective layer consist~:

ing of pure nickel of particle
size 37to 45’a '

Ratio of catalyst Ag.Cd(on A1203)
to pure nickel

Particle size of the catalyst and
pure nickel powders

Amount of naphthalene filler used
Pressing temperature

Sintering temperature

Amount of silver catalyst
Polarisation characteristics:
Electrolyte

Temp.

Oxygen gas pressure

Initial rest potential

Polarisation
-

3
H
4
td

2.2 cn (dia.)

28
2 ¢g
1:4
45p$o 5obk
10% by wt.

2.54 tonnes/cm
600°C in Nitrogen atmosphere

0.045 g/cm?

6 N KOH
60°C
0.9 atm(gauge prussure)

+920 mV(vs Hydrogen electrods
in the szue solution) .
240 mV at a c.d. of 50ma/ew



143695

The preparation conditions are the same as in Bxample II except

for the filler. Potassium chloride
filler.

tio teristics:
Blectrolyte

3
Temperature ]
Oxygen gas pressure 1
Initial rest potential H

Polarisation ]
ERAMPLR LY:
Breperstion of cetalyst(IIX):

is used insteald of naphthalene as

6N KOH
60°C

1.4 atm. (gauge pressure)

t +940 mV(vs Hydrogen electrode

in the same solution)
240 oV at a c.d. of 40 ma/om®

Anoﬁnt of acetylene black taken 3 10 g

Total volume of silver nitrate

solution taken

Asount of silver nitrate in
the solution

Wetting agent(Triton X 100)
concentration

Soaking time

1200 ml
: 20 g

1 0.5%
t 72 hours

The soaked acetylene black was filtered, dried and heated in a

hydrogen atmosphere at 450°C for 90 sins. The amount of silver present

in the acetylene black has'been found as 24%(by wveight).

tion of two-lgver DSK

Blectrode size

1 cont ]
2'2 Om. dia.

Uoisht of catalyst, pure nickel : 2 g
an

filler used for the
operating layer

Catalyst concentration
Particle aise
Filler

—\é ~

:1 0.04 g
t 45\.to 50f'\
: Potassium chloride(10% by wt.)
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t9t
Protective layer:
Weight of pure nickel 1.96 g
Veight of catalyst 0.04 g

Pressing pressure
Sintering temperature
Amount of silver present in

3.048 tonnoa/cn2
650°C in hydrogen atmosphere

the electrode t 0.003 g/cnz'
Polarisgtion characterigtics:
Blectrolyte st 6N KOH
Temperature t 60°C

Oxygen gas pressure
Initial rest potential

1.5 atm.(gauge pressure)

+980 mV(vs Hydrogen electrode
in the same solution)

Polarisation : 250 mV at 21 ma/om®

EXAMPLE Vi

The preparation conditions are the same as in Example IV

sxcept for the filler. Haphthalene (10% by wt.) is used instead of

potassium chloride as filler.

olarisatio t t ]
Blectrolyte s 6N KOH
Temperature s 60°C
Oxygen gas pressure s 1.3 apn(gango prossu;o)
Initisl rest potential
polarisation 3190 oV at a c.d. of 40 -q/olz

The polarisation characteristics of two layer DSK type electrode
contsining about 0.3 - 0.4 g/c-2 Raney silver catalyst, reported

in literature is about 100 mV at a c.d. of 60 -q/cnz. The polarisa-
tion of three layer DSK type oxygen electrode containing about %%
by weight of silver in the operating layer has been reported as

220 uV at a c.d. of 60 ma/cm’.

-\ -
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The following are among the main advantages of the

invention:

i)The method of pr:varation of catalysts is simple and

does not involve any critical conditions;

i1 )The step involving leaching of aluminium from %he

sintered electrode is eliminated;

iii)wWhen naphthalene is used as the filler, the electrode

~an be used immediately after sintering;

iv)The amount of silver catalyst used is considerably less

than those reported in literaturs.

WE CLAIM:

1. A process for the preparation of sintered porous metal
electrodes of the two-layer DSK (Doppel-skeletal-Katalysator)
type for use as oxygen electrode in low temperature hydrogen-oxyxZen
fuel cell by mixing carbonyl nickel or pure nickel with a silve;
catalyst characterised in that the silver catalyst is prepared
directly in powder form by (i) forming silver in situ from silver
carbonate, (ii) forming silver cadmium on alumina carrigr, or (iii)
impregnating acetylene black with silver further characterised
in that pure nickel or carbonyl nickel is mixed with any of the
silver catalysts thus obtained using naphthalene as filler to
form an operating layer, compacting by cold pressing the operating
layer, with bure or carbonyl nickel as a protective layer and
sintering the compact in the range of 600°C to 800°C in hydrogen
or inert atmosphere.

2. A process as claimed in claim 1 wherein the protective
and operating layer are compacted by cold pressing ai a pressing

pressure of 2 to 5 tonnes cn2 and sintering the compact in the
- g~
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1 11:
rapge of temperatures from 600-800°C in hydrogen or inert atmosphere.

3. A process as claimed in claim 1 or 2 wherein any of the
silver catalysts are mixed with pure nickel or carbonyl nickel in
the weight ratio 1.4 to 1:0.025, the particle size of both being

in the range 45-53 microns and naphthalene as filler 10% by weight.

4. A process as claimed in any of the preceding claims wherein
pure or carbonyl nickel of particle size 10 to 30 microns is used

ag the protective layer.

5. A process as claimed in any of the preceding claims wherein
the relative amounts of the protective and operating layers vary
between 1:1 to 2:3, at a pressing pressure of 2 to 5 tonnes/cm2

by cold pressing.

6. A process as claimed in any of the preceding claims wherein
the concentration of silver in the electrode is in the range

3-200 mg/cmzi

7. A process as claimed in any of the preceding claims wherain
silver cadmium is formed on alumina, using silver and cadmium in

the range at 32 to 41% and 5 to 14% by weight respectively.

8. A process as claimed in any of the preceding claims wherein
acetylene black is impregnated with silver of concentration in the

range 15 to 30% by weight.

9. A process as claimed in any of the preceding claims
wherein a process for the preparation of sintered porous metal

electrodes of the two-layer D3K (Doppel-skoletal-Ka@alysator) type
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for use as oxygen electrode im low temperature hydrogen-oxygen
fuel cell substantially as herein before described.

Dated this 3rd day of April,1976.

. PATBENTS OFFICER
Council of Scientific & Industrial Research

-—-2’ -



