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«IMPROVEMENTS IN OR RELATING "0 METHOD OF SINTERING NICKEL FOWDER TO PRODUCE
THIN SINTERED PLAQUES FOR ALKALINE BATTERY PLATES”

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, RAPI MARG, NEW DELEI-1, INDIA, AN INDIAN
REGISTERED BODY INCORPORATED UNDER THE REGISTRATION OF SOCIETIES ACT{ACT XXI OF 1860).
The following specification describes the nature of this snvendion 1—

This is an invention by HANDADY VENKATAKRISHNA UDUPA, PENNAGARAM VYSA RAO VASUDEVA
RAO, RAMASAMY SABAPATHY, Director, Scientist, and Senick Scientific Assistant respectively of the Central
Electrochemical Research Institute, Karaikudi-3, Tamil Nadu, India, ali Indian citizens.

This invention relates to tte method of sintering
nicke]l powder to produce thin sirtered plaques for al-
kaline battery plates,

Hitherto it has been proposed to produce sintered
plaques by loose powder teehnique under conditions
not well defined to obtain thin sintered plaques.

This is open to the objection that thin sintered pla-
ques with high porosity cannot be obtained by following
the methods deseribed.

The object of this invention is to obviate these dis,

dvanteges by standarlising the process of sintering

to obtain thin sintered plaques, for alkaline battery pla-
'tes.

To these ends, the invention broadly consiste in the
'eteps described below.

.1. Annealing of nsckel plated mald steel grid »
This process is ¢arried out te obtain very flat grid
and to avoid the non-unifermity in thiekness of the pla-
'que due to warping of the plated grid. The grids are
fea{: treated between 800-—900°C in hydrogen or dis-
ociated ammonia or any suitable inert atmosphere
and cooling to the room temperature in steps so that the
Biimo taken for acoling is about 3 houvs. The grids pro-
uced are flat and also devoid of any wrinkles,

2. Production of sintered plagues :

Wiokel powder (Mond B Grade of Apparent density
-88 gmjoo or Nickel powderof any similar snitable
grade) is spread evenly on a graphite block having a
ﬁ:uﬂl groove which determines the ultimate thickness
the sintered plaques. After spreading the nickel
owder, annealed nickel plated grid is placed over it.
*fver this grid snother laver of powder is sifted and
hen a glass rod is rolled to produce a uniform laver
Nickel powder upto the height of the groove. Simi-
ﬁy, a number of graphite blocks are filled and placed
over the other and top plate is covered with a plain
‘pphite blook. The whole assembly is placed in & stain-
ess stool frame of suitable size with two bolts and nuts
& the two ends. Another frame is slid frow the top
the nuts are tightened slowly to give a uniform pre-
‘sum of about 2 tons/sq. inch. The complete assembly
» then placed in a stainless steel box and the charge
is heatod in a furnage between 750°C to 1000°C in hy-
‘Iogen or dissociated smmonia stmosphere for a dara-
iog of 10-60 minutes, with autematic costrol,

The resultant porosity of the plaques ranged from
qiﬁ,——eﬁ% and predominant pore diameter is app-
imately 6/u. The sintered plaques were tested by
geoding w0 various dia. rods for the msachanical st-
rongth. It was found that no peeling off sintered mate-
[iz] has been observed upto 1/4” dis rod.

In order to inoresse porosity and pore dizmeter
@ olatile addition agonts like smmonium chloride, am-

monium carbonate, ammonium bicarhonate, polv-
vinyl aleohol and polymetkoxy aerylate, ard which
reduce to nickel powder such as nickel formate, in
varying proportions from 10—25% by wt. of nickel
powder Were used, The resultant p'aques have a poro-
sity of 85—90%, and predominant pove diameter 18 appro-
ximately 10 microns.

The following are the typical exemples illus.
trating the invention :

EXAMPIE 1

16 nickel plated m.s. grids size 7-5 em X6 cm. wera
annealed at 800°C for 3¢ mirutes inhydregen atmos-
phere. The resultant grids were flat,

Niclkel powder was placed in a graphite block of size
16 emxX 15 om with a groove thickness of 0-8 mun and
the grid was placed over the powder and then nickel
powder was sifted over the grid. The extra powder
was then rolled out with the help of 2 glass rod. One
graphite block was then placed aver to cover the top
and 8 blocks wers kept having 16 such grids covererl
with powder. The entire set up was placed in beatirg
zone of & muffle in an atmosphere of hydrogen or dis-
sociated ammonia and heated continuously at 900°C
for 30 minutes. After cooling the porosity of the pla-
ques was determined and the same was §0—829, on
average. The predominant pore size was found to bs
6 ruicrons.

EXAMPLE I1

Pollowing the proeadure employed in Example T°
except that nickel powder was mixed with 15%, by weight
of ammonium carbonate and sinterirg was carried out.
The porosity of the sintered plaques ranged from
85959, and the predominant pore size was 10 wi-
orons, :

EXAMPLE III

Following the procedure emploved in Example I,
except that the nickel powder mized with 159 by
wt. of pelyvinyl alechol was used and the sintered
plaques obtained were having porosity 85809, and
predominant pore size was 12 microns,

The following is the main advantage of the invention,

1. The sintered plaques obtsined have high porority,
with optimum pore diameter and are of a good mecka-
nical strength.

Dated this 39th day of June, 1972
8df-
PATENTS OFFICER
Council of Beientific and Industrial Research .

Price: TWO RUPEES
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TIE PATENTS ACT, 1970
COMPLETE. SEECIFICATION
Section 10

“IMPROVEMENTS IN OR RELATING TO ME-

THOD CF SINTERING NICKEL POWDER TO

PRODUCE THIN SINTERED PLAQUES FOR
ALKALINE BATTERY PLATES”

COUNCIL OF SCIENTIFIC AND INDUSTRIAL
RESEARCH, Rafi Marg, New Delhi-l, India, an
Indien registered body incorporated under the Regi-
stration of Societies Act (Act XXT of 1860). '

The following 'specification partioularly deseribes
and ascertains ihe nature of tbis invention and the
raanner in whicl it is to be performed :—

This is an invention hy HANDADY VENKATA-
KRISHNA TUDUPA, Director, PENNAGARAM
VYSA RAO VASUDEVA RAO, Scientist and RAMA-
SAMY SABAPATHY, Senior Scientific Assistant,
all of the Central Electrochemical Research Institule,
Karetkudi-3, Temil ‘Nadu, India, sll Indian citizens.

This invention relates to method of sinterir g niekel

powder to produce thin sintered plaqgues for alkaline

battery pleies,

Hitherto it has heen propesed 1o produce sintered
plaquzs hy loose powder technique under conditions
not weil defined.

The sintered plagues with high poresity cannot be
obtained by followirg metheds described,

The okject, of the invewtion is to obviate these dis-
advanteges by standardising the process of sintering
to obtain thin sintered plagues for alkaline battery
plates,

Optimum conditions here hos been worked out to pro-
duee thin sintered plaques for alkaline hattery plates.

‘According te the present invention, there is pro-
vided a preesss for the production of sintered plaques
for atkaline batterv plates which consists in annealing
nickel or nickel plated grids between 800°C to 900°C
and sinterirg nickel powder over the annealed grids
between T50°C 10 1000°C.

The annealing is carricd out preferably at 800°C in
hydrogen o disseclated ammonia or any suitable inert
stmosphere, for a duretion between 16 minutes to 2
bours preferakly for 30 minutes.

The sinterirg is carried out over the 2nnealed grids
urirg nickel powder of suitable grade preferably car-
honv} aigkel powder.

The sintevirg process is carred ow! preferably at
gro°C in hydrogen or dissociated emmonin preferably
usirg d'sseasted smmovia, for a duration of 10 to 60
iiuutes preferably 3¢ minates,

Volatile addition sgents like ammoniuin chloride,
ammonium carbonste, ammoniurm biearbonate, poly-
vinyl alechol and polvmethoxy scrylate and nickel
farrante whist gzets vedueed to vicke] powder during sin.
tering are added alone or b combination, to the mekel
powder used for cluterirg =0 that & highly porous sm-
tered plate is produced.

The volatile addition agents like ammonium chlo-
ride, ammonium carbenate, ammouinm bicarbonate,
polyvingl slechol,  polymethoxy aerylate and nickel
forme te which reduces to mickel powder during sin-
tr1ir g are added to nickel powder in varyirg propor-
tions rergirg Mtween 10—25%, by wicght of nickel
powder proferably 169 by waight.

The proeess censists of the steps doseribed here in
below . —:

{2) 4:{;:@6(1!@1:19( of rickel or nckel plated wildstecl
givl :

The process is earried out to obtain very flat grid
and to avoid the non umiformity in thickness of the
plate due to warping of the plain on plated prid. Tke
grids are heat treated between 800 to 900°C in hydrogen
or dissociated ammonia or any suitable inert atmos-
phere for a duration between 10 minutes to 9 hours
&nd cooling to the room temperature in steps so that
the time taken for cochng is about 3 hours. The giids
produced are flat and also devoid of sny wrinkles.

{5} Produciion of sintered plagues i

Nickel powder (Mond B grade of apparent deusit ¥
0-88 gm/oe or nickel powder of any similer suitzble
grade) is spread evenly on a graphite block havirg »
small groove which defermines the ultimate thickness
of the sintered plaques. After spreading the nickel pow-
der, annealed nickel or bickel plated grid is plaged
over it. Over this grid another layer of powder is sifted
and then a glassrod is rolled to produec & uniform laver
of nickel powder upto the height of the groove, Simi-
lerly, a number of graphite blocks are filled and placed
one over the other and top plates is covered with a plain
graphite block. The whole assembly is placed in a
stainless steel frame of suitable size with two bholts apd
muts at the two ends. Another frame is slid from the
top and the nuts are tightened slowly to give a uniform
pressure of about 2 tons/sq. in. The complete assenbly
is then placed in a stainless steel box and the charge
is heated in a furnace between 750°C t¢ 1000°C in hyv-
drogen or dissoctated ammonie for & duration of 10—i0
nunutes with automatic control.

The resultart porosity of the plaques ranged from
75—86%, and predominant pore diameter is approxi-
mately 6/ The sintered plaques were tested by ben-
ding in various dia. rods for mechanical stzength. It
was found that no peeling of sintered matorial has been,
ohserved upto }” dis rods.

In order to tucrease thée porosity and pore dismeter
volatile addition agents like ammonigm chloride ammo-
nium carbonate, ammonium bicarbonzie, polyvinsi
aleohol and poly methoxy acvylate and whieh reduee
to nickel powder such as nickel formete, in varying
Ijropor{ions from 10—25%, by weight of nickel powder
were used. The resultani plaques have a porosity of
85-—-90% and._pwdominant pore diamenter is appﬁoxi-
mately 10 microns.

In the mvented methed for sintering nickel powder
to produce thin sintered plaques for alkaline battery
lates, the new steps are anneaiing of nickel or nickel
Plated mild steel grids and sintering nickel powder with
volatile addition ¢ gents Jike ammoniumw chlovide, smmo-
mum carbonste, ammonium bicerbonate, polyvinyl
aleohol and polymethoxy ascrylate, which reduce to
nickel powder like nickel formate.

The following are the typical examples illustrating
the invention :

EXAMPIE I

16 pickel plated m.s. grids of size 7-5 emx 6 em were: .
annealed at 800°C for 30 minuies in hydrogen atmos~
phere. The resultant grids were flat.

Nickel powder was placed ir a graphite block of size
16 omnsx 15 cm with a groove thickness of §-8 yom and
the grid wes placed over the powder and the mnicke] -
powder was siffed over the grid. The exira powder was
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then rolled out with the help of a glazs rod. One gra-
phite biock was then placed over to eover the top and
& bineks were kept having 16 such grids covered with
powder. The active set up was placed in heating zone
of a muffie in an atmosphere of hydrogen or disvociated
aymonia and heated continuously st 900°C for 30mis.
After coolirg the porosity of the plaques was deter-
mined and the same was 80829 on aversge. The pro-
dominant pore size was found to be 6 microns.

EXAMPLE i1

l"oilowmg the procedure employed in Txample I,
except that nickel powder was mixed with 159, by
weight of ammonium earhonate and sintering was
earried out. The porosity of the sintered plaques ranged
from 85—95% and predominant pore size was 10 mi-
orons,

EXAMPLE JIL

Following the procedure employed in Example T,
exeept that nickel powder mixed with 159 by weight
of polyvinyl aleohol was used and the sintered placues
ohtained were having porositv 85—809; and predomi-
nant pore size was 12 micrens.

The invention consists in the productmn of sintered
p]aqucs for alkeline batiery plates comprising meinly
of the nickel powder with volatile addition agents
like ammonium chloride, ammonium ea.rbonate,
emmonium bicarhonate, polyvinyl aleohol and poly-
methoxy acrylate, sintered op to nickel or nickel plated
m.s. grids. The conditions of sintering has been stan-
dardised so that the sintered plagues obtsined have
high porosity, with optimun pore diameter and are of
goad mechanics] strength.

WE CLAIM :

1. A process for the production of sintered plaques
for alkaliie battery plates which consists in annealing
nickel or nickel plated grids hetween 860°C to 900°C

and sinterirg nickel powder ever the annealed gridsat
,780°C to 1000°C.

2. A process as claimed in ¢laim 1 wherein the ann-
realing is carried out at 800°C,

3. A process as claimed in olaims 1 or 2 wherein the
annealing is earried out in hydrogen or dissociated
snmonia or any suitable inert atmosphere,
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4. A progess as claimed in any of the preceding olaima
wherein the annealing is carried out for a duration

hetween 10 minutes {0 2 hours preferably for 30 mi-
nutes,

5. A process as clsimed in sny of the preceding cla-
ims wherein sintering is carried out over the annealsd
grids using nickel powder of suitable grade preferakiy
ocarbonyl nickel powder.

6. A process as claimed in any of the preceding
claims wherein the sintering process is carried out pre-

o bly ag 900°C.

7. A process as claimed in any of the preceding claims
wherein the sintering process is camied out in hy-
drogen or dissociated ammonia preferably using dis-
sooiated ammenia.

8. A prooess as claimed in auy of the preceding claims
wherein the sintering process is catried out for & duration
of 10 to 60 minutes preferably 30 minutes.

9. A prooess as elaimed in any of the preceding
claims wherein volatile addition agents like ammoniuin
¢hloride, sammonium ocsrbonate, ammonjum bicar-
benate, “polyviny alcohol and polymethoxy serylate
and nickel formate which gets reduced to nickel powder
during sintering are added alone or in combinstion,
to the nickel powder used for sintering so that & hlghly _
porous siatered plate is produced.

10. & process as claimed in any of the preceding
claims wherein the volatile addition agents like am-
moniwn chloride, ammopium carbonate, ammonium
bicarbonate, polyvinyl alcohol, polymethoxy acrylate
and nickel formate which reduces to nickel powder
during sintering are added to niokel powder in -varying
proportions ranging between 10—25%;, weight of
nickel powder preferably 15%, hy weight.

11. A process for the produetion of sintered pla-
ques for alkaline battery plates substantmlly’here.
in before described.

Dated this 20th day of July, 1973,

8d/-
PATENTS OFFICER
Council of Scientific & Industrial
Research,



