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This invantion relates to improvemsnts in or relating to
the preparation aof sintered porous metal hydrOgoﬁ elsctrodes Por

use in low temperature hydrogen-oxygan cell,

.Hitharto it has been proposed to fabricate sinterad porous
matal slactrodes of the two layer DSK type with carbonyl nicke)
as supporting matrix and skelet sl Raney ﬁackol as catalyst, The
two layers are (1) protective layer either carbonyl nickel or
carboryl nickal and castalyst of suitable particle size and

(2) Oferating layer-formed with carbonyl nickel and catalyst of

- 2 -
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suitable particle siza (different Prom the particle size of

thnoga used in ths protective layer), A filler such as sodium
carbonate or potesgium chloride is also included in tha operating
layar and the filler is removed after the compact is sintared,
The electrodes ars mnade by not pressing at 4UO~500°C with a
gressing pressure of about 1 tonne/cm? or by cold pressing,

wvith a pressing pressure of 2 to § tonnas/cm2 and sintering

the compact 600-700°C in hydrogen atmospheye,

) This is opan to the objection that the fillar material
used for increasing the porosity of the operasting lsyer has to
bhe removed cnmplate}y by heating im water to about BOOC and
after the complete removal of filler material the alactrode
has to be dried in a vacuum oven, The Fillar material if not
~gmoyed completely will affect the electrochemical charactariptict
of the electrode by slouly reacting with the catalyst,

Tha ohject of this inventior is to obviste this .disadvantsgse
by preparing two layer DSK elactrodes ulth nsphthalens as the
filler material which can be sasily ramoved while the compact
is being sintered at a high temperature.

7o thase ands tha invention broadly consists in the
preparation of tuo layer DSK type electrode with pure nickel
a8 supparting matrix, preserved Raney nickel catalyst contalning
coppar promoter and naphthlans filler by cold preasl ng and
sintering at high temperature in an atmosphere of hydrogen. The
protactive layer is made with gither pure nickel alona or a
mixtute of pure nickesl and breserved Raney nickel catalyst
both having a particle size in the rance =300 to #400 mash.

The weight ratic of pure nickel to catalyst can ba in the
range 1:1 to 3:2.

The operating layar is made with a mixtuyre consisting af
pure nirkal, preserved Raney nicksl catalyst and 10% by
waight af naphthalane filler, The partincle size gf tha catalyst,
pure niskel and £iller is in the range =300 to +4?8 mash
4he notimup bajing ~525 +400 mosh, The weight ratio of pure

nickel to catsalyst is 1:1, -3~
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The pruserved Raney nickel catalyst is prepared by the

method duscribed in literature. The preactivated Raneyynickel

catalyst is treated with botassium bromate solution for preserving
the catalyst, Commercially svailable nickel-aluminium alloy (501:50)
is used for the preparation of the Raney nickel catalfsf. The
slectroides yith the tuo layers are made by compacting at a

presgurs of 2 to § t&nnas/cnz, the optimum being 2,5 to 3.0 tonnes/
elz, and sintering the compact at tempsrature in the range 600°

to 800°C, the optimum temperature being 650° « 700°C, in hydtegen
stwmosptiere for 30 nin;. The weight ratic of the protective layer

to operating layer is in the range 1:1 to 2:3, The sintered
slectrodes are tested as hydrogen gas diffuaion electrods in

6 N KOH at 60°C. the hydrogen gas pressure being 0.8 to 1,2 atm

(gauge pressure),

EXAMPLE I
Preparation of the slectrode
€lectrode size $ 2.0 cm (dia) .
Thicknesa of the electrode 12,5 mm
frotect ive layer t pure nickel of partivle
size <300 +400 mesh
Nperating layer § Pure nickel ¢preserved

RANBY- 018kel of
-300 +325 mesh in tiw
the weight ratio weight ratio 129

of filler 10% (by uweight naphthalene

" Jeight ratio of protective t 111 (29 x each)
layer to operating layer .

2
Press ing Pressure : 2.54 tonnes/cm
Sintering tempersture t soo°c

2

Catalyst concentration : 0.3 g/cm
Polgrisation characteristicat
Electrolyte : $t 6 M KOH
Temp, s 60°C
Hydrogen gas pressure t 0.9 atm (gauge pressure)
Initisl rest potential : «30 mv (vs hydrogen electrode

in the seme solution) 5
Polerisation s 155 mv at a c.d, of soma/cm
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Prepa-ation of the elsctrode
ELactrode size ' } 4.4, cm dia,

Thickneas of the elesctrode 1 2,5 mm

Protect ive layer ) ! same as in Example 1
Operating layer )

Filler $ Naphthalene (10€¢) (by weight)
Weight ratio of protective $ 121 (8 g. mach)

to opersting layer

Pressing pressure $ 2,54 tonnoo/é.z

Sintering temperacure s 650°C

Catalyst concentration $ 0.25 g/ell2

Qolggggation chatacteristicy

Electrolyte $t 6 M KOH

Tepper-ture, s 60°c

Hydrogen gas pressure t 0.9 atm (gqugc ptolluro)

Initial rest potentiasl t «40 mc (ve Hydrogen electrode
in the same solution)

Polarigation $ 170 mv at a c.d. of S0ma/cn>

EXAMPLE .!Il

€lectrode tien

Electrode esize $ 2,0 cm dia.

Thicknessg of the electrode t 2.5 mm

Protective layer t Pure nickel and preserved

Raney nickel catalyst in
the wveight ratio 181

Particle size -300 to 400
mesh
i layer t Pure nickel and
Operating lave preservec Raney niekel

‘catalyst in the Hbight
ratio 1121

. particle sigze =325 4 400 mesh
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Fillsr

Weight ratio of operating
layer to protective layer

Pressing pressurs
Sintering temperature

Catalyst concentration in
- the operating layer

Palarisation characterigtics

Electrolyte
Temp.

Hydrogen gas pressure

Initial rest ﬁ;ant1.1

Polarisat ion

EXAMPLE IV 3
Electrode preparastiont

flectrode size
Thickneass of t ha electrode
Protective layer

Opersting layar

fFiller

Weight ratio of the
protective layer to
operating layer
Pressirg pressure
Sintering temperature

Catalyst concentration

(1]

Polarigstion characteristics:

£lectralyte
Temp.
Hydrogen gas pressurse

Initial rest potential

Polarisat ion

P2l

10% (by weight) of naphthalene
121 (each 2 g)

3.048 tonncs/ém2
650°¢

2
0.3 g/cm

6M KOH
60°¢C
1.0 atm. (guage pressurs)

«40 mv (vs Hydragen electrode
in the same solution)

150 mv at a c.d. of 60 ma/cm®

2.0 cm dia.
2.5 mm

Pure nickel of particle
si,a +40U0 =300 mesh

Pure nickel + preserved Raney
nickel catslyst in the ratio
1:1, and perticle size -300
+400 mush

10% (by weight) potassium
chloride

131 (veight of each layer 2 q)

3.048 tonnoo/cm2
650°C

4
0.3 g/em

SM KOH
60°C
1.2 atm (gauge pressurs)

~1n0 mv (vs hydrogen slectrode
in the same solution)

150 mv at a c.d. of 30 lla/cm2



- 143696 -

The following ars among the main advantages of the

invention,

1) The glectrode can be prepared by a simple method,
The step involving the removal of the filler, if
potassium chioride or sodium carbonate is used
as filler, is olimiﬁatsd by tﬁa use.or naphthalene as

a fillaer,

2) The performence of the electrode prepared with
naphthalone as filler is betber than that of the

elactrode made with potascium chloride es filler,

Dated thia 6th day of January, 1975,

ad/-
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Thip invenilon relates to improvements in or relating to the preperation
of sirtered porous metel elecirodes of the two-layer DSK(Doppel Skeletal
Jatalysstcr) type contsin’ng Raney niokel catslysts for uge as hydrogen
electrode in low-temperature Hydrogen-Oxygen Fuel Cell. The low-temperature
Bydrogen-Oxygen fuel cells will serve as pover source and energy storage

device with varied applications.

Our copeniing Indisn Patent application No.32/0e1/T5 relates to the
preparetion of eintered porous metal electrodes of the fwo-layer DSK type
(Doppel skeletsl Katclysator) containing eilver cstalywts to be used as

oxygen eleotrodes in Jow-temperature Hydrogen Oxygen Tuel Cells.

In comparison our present investigation is for similar electrodes for '
use 88 Aydrogen electrodes in similar fuel cells, but as distinguished from
those of 32/681/75 mo silver catalyste are used in their prepsration. The
use of nilver catalyst as in the said co-pending application for the preparation
of the peid electrodes whioh forms its gubject matter is hereby exsluded
from the scope of ithe present investigation.

The sintered porous metsl electrodes of the m-hm DSK(Doppel.
okeleta] Katalysstor) type for use as hydrogen electrode in the low-tempevaimme
Rydroger-Oxygen fuei cell have hitherto been prepared with a protective
layer made of either oarbonyl nickel(or purs nickel) only or carbonyl niekel
(or pure nickel) in combimetion with Raney nickel catalysts of suitsble
partiole sise and sn opersting leyer formed with carbonyl nickel, Raney
nickel qnhlnt. and 8 filler such as sodium carbomate, potassium ehloride.

The electrodes are made either by hot-pressing at 400-500% with & pressing

pressure of 1 'bom‘ae/caz or by cold pressing with & pressing presmre of

2«5 tomo/mz and sintexring tht“oupaot at 600-700_'0 in hydrogen sim.

9.
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‘The drawback of the hitherto known process is that the filler
material vaed for increasing the poromity of the oparating Iayu: has te be
removad oompletely by heating in water to about 80°C end after complete
removal of the filler, the electrode has to be dried in a vacuum oven.If the
filler material is not removed completely, it will affect the electrochemioal
characteristics of the slectrode by alowly resciing with the catalyst.

The main objeat of this invention is to prepare sintered porous metal
electrodes of the two-layer DSK (Deppel skeletal Katalysator) type for use
as hydrogen elactrode in low-temperature hydrogen-exygen fuel cell using
pure nickel powder to form the protective layer and a mixture of pure mickel,
preserved skeleatnl Raney mickel catalyst with coppexr promotor am
naphthalene ns the filler, to form the operating layer, by compscting and

gintering at high temperature.

The sintsred porous metal electrodes of the ho—l&fcr DSK(Dopped
kel stal Kalalysator) type for use as Hydrogen electrodes sre prepared with
nicku]{md with preserved skeletal Raney niokel catalyst containing copper
pranot’or apd maphthalene as the filler, in the operating lsyer and pure nickel
alone in the protective layer, by cold preusing at a pressure of 2-5 tonnau/enz

and sintering the compsct at temperatures in the range 600-800°C.

The electrode so prepared using nephthalene ss the filler can be
uget. divectly, as the filler paphthalene has been removed during sintering

process, thus svoiding one more step involving the removal of filler sftexr

sintering and drying in a vacuum oven.

The present inventlcn consists of & process for the preperdtion of

sintered porous metal elecirode of the two-layer DSK(Doppel skeletal

Katalysator) type for use &8 hydrogen electrode in 1ow~temperature Hydrogen~

-0~
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Oxygen fuel ccll. The elestrode consists of one protective layer containing
pure nickel and an ope.nting layer consisting of pure nickel, preserved skelstsl
Raney nickel catalyst containing copper promotor and maphthalene as filler by
cold pressing and sintering at high temperatures in hydrogen stmosphere.

The sintered porous metal electrodes of the two layer DSK(Doppel Skeletal
Katulysator) type for use as hydrogen electrodes are made by taking suitedble
amount of the components for the protective layer and operating layer in th§
weight ratio 151 to 213 the preferred ratio being 111, cold preeing st e
pressure of 2 to 5 tomaa/cnz, the preferred pressing pressure being 25 =

3 tonnos/em2 and sintering the compact at temperatures in the renge 600-800°C,
the preferred temperature being 650°-700°C in hydrogen t‘h;osphm for

30 mimtes. The opersting layexr con;ict:.of pure nickel, preserved skeletal
Raney nickel of particle size in the range 45-53 miocrons, the preferred sise
being 45-50 microns and maphihalens &s filler, the components tgll-n.ixd
together, whila the protestive layer conaists of pure-nickel of partiole sise
in the rsnge 37-45 microns. The weight retio of the pure nickel to the
oatalyst in the opersting layer is 131 and the filler conpentration is 108
by weight. Commercially svailable niokel aluminium &11oy(50150 by weight)
whiok consists of lﬂ.{ll.5 and Fi 113, is used for the preperatisn of skeletal
Raney nickel catalyst with copper as promotor(the comentration being 5 »&

of Cu/gm of Raney nickel) by the method svailable in litersiure. The
presctivat od catalyst is preserved by treatment with potsasium bromate,; 88
{bed in iterature. The electrodes so prepared were tested as hydrogen
trodes in 68 KUH at 60°C with bylrogen gas pressure of

desor
gns diffusion elec
0.8 ~ 1.2 stu.(geuge pressure).
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Yew typical examples are given belows
BAELE It

tion of the elect:
Moeotrrde sise
Thicknsss of the eleotrode

Protective layex

Operating layer

The wvaight ratio of fille

Weight ratio of protective layer
to operating layer

Press Lug pressure

gintering temperature

Catalyst concentration

Polax isation charscteristicys
Meotrolyte
Tenp .

HEydrogen gas prespurs
Tnitial rest potential

Polacisation

EAPLE- 1]

Prereration of the elest® »
Electrode aise
M™ickness of the electrode

Protective layer ;

Operating layer

Piller

Weight ratie of protective %o
opersting layer

Pressing presmre

Sixtering temperature

Catalyst conoentration

—

2.0 om(dia.)
2.5 m

Pure nickel of partisle sise
37-45 microns

Pure nickel + preserved Raney
niokel of 45~50 microns in the
weight retio 11t

106 (by weight) mphibalens
151 (2 g essh)

2.54 tomo/cnz
600°C
0.3 .‘/“2

% 1
60*c

Q.9 sta(gsage preswire)

<30 mv(vs hydrogen elestrode
in the saze solution) ,

155 wv at & c.4. of 50 /0w

4.4 om din.
2.5

gSane 8¢ in Rmaple h §
Saphithalens(10% by veight)
121 (‘ ‘cdh)~

2.54 tozmes/en®

P
0.2% Ju:
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Polarisation cheracteristicus
Electrolyte

Temperature
Hydrogen gas pressure
Initial rest potentisl

Polarisation

HACLE-1 1]

ectrode pre tions
Rlectrode size
Thickness of the slectrode
‘Protective layer

Operating layer

Tiller

Weight ratio of operating layer
to protective layer

Pressing prsssure
Sintering temperature

Catalyst concentration in the
operating layer

larisation charact igtio
Electrolyte

Temp.
Hydrogen gas pressure
Initisl rest potential

" Polarisation

6N KOH
60% -
0.9 ata(geuge pressure)

«~40 nV(vs Hydrogen electrode
in the same solution)

170 v at & c.4, of 50 n/cn2

2.0 om dia.
2.5 m

Pure niokel and preserved Reney
pickel catalyst in the weight
ratio 111

Partiole sise 37-45 miorons
Pure nickel snd preserved Raney

nickel catalyst in the weight
ratio 111 |

Particle size 45-50 miorons
10%(by weight) of mphthalene
111 | (eack 2 g)

3,048 tornes/em
€50°C

0.3 ‘/“2

6N KOH
60°C
1.0 ata.(gsuge preasure)

~40 mV(vs Hydrogen electrode in
the same solution)

150 mv at & o.d. of 60 mt\/u-2
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ELANMPLE IV:

P e AT Rt

anve’ v g

F I

1swoyr by about 50 mv, then

Electrode preparation:
Elec trode size

Thickness of the eleotrode
Protlective layer

Operating layer

Filler

Weizht ratio of the proteoctive
layer to operating layer

Preasaing preamire

Sintering temperature

Catrnlyst concentration

Polarisstion charsoterigticps
Electrolyte

Teanip.

Hy¢rogen ges pressure
Initinl rest potential

Polarisation

2.0 om dia.
2.5 s

pare nicksl of partiole sisze
37-45 mioxrons

Pure njckel + Preserved Raney
nickel oatalyst in the ratio 1¢1
and particle size 45-50 miorons

10%(by weight)potassiwm ohloride

131(weight of each layer 2 g)
3.048 tonm/onz

€50°%c

0.3 g/on’

6% X0H
60°
1.2 atm(gaug® pressure)

-10a¥(vs BEydrogen electrode in the
sane solution

150 mv at & 0.d.0f 30 m/c-2

s following are the main advantages of the inventions

as filler, is elimimted.

I

he removal of f£iller, if potassimm chloride or

7. slectrode can be prepared by a simple method as the step

godium oarbomate

.. ;i ., eleotrodes prepared with maphthalens as filler show a polarisation

ﬂ!t;‘lfh. eleotrode prepared with potassiom

ohlec.ds as filler, st the same ocurrent density.

S -
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1. An improved process for the preparation of sintered porous metal

~ hydrogen electrodes of the two layer DSK(Doppel skeletal Katalysator)
type for use in Low Temperature Bydrogen-wgop i‘uel cells
ommprising & protective anl an operstive layer, charscterised in
that the})mtactive layer ias made of pure nickel of 37/145 micron
psrticle size and the operating layer is made up of pure nickel L,
preserveld skeletal Raney nickel cstalyst containing copper as &
promotor in partiole size of 45)53 miorons in 111 ratio and 10% by
‘welght of maphthalene as filler by cold pressing and sintering
the ocompaoct in hydrogen atmosphere.

2.The process as claimed in claim 1 wherein the ratio between the

twc layers is in the range of 111 to 213 by weight.

3.The process as clajimed in claim 1 snd 2 vherein the co0ld pressing
is done at a pressure of 2-5 *I:mmu/cn2 and sintering is effected
ot & tempevature of 600-800°C.

4.The process ap claimed in claim 3 wherein the cold pressing is
dome at @ pressuze of 2.5 - 3 tomes/oa’ and sintering is effectel
at 650°-700°C for & period of 30 mimtes in hydrogen atmosphere.

5.The process ag claimed in axy of the preceding claims wherein the
m.nt:otomcuodusmtbt u;-cotOupagn-ot
Raney nickel.

Dated this 7th day of April,1976.
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