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PROVISIONAL SPECIFICATION

IMPROVEMENTS IN OR RELATING TO THE FORMATION OF PLATES FOR NICKEL CADMIUM BATTERIES:

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Rart Marc, New DELHI-1, INDIA, AN INDIAN REGISTERED
BODY INCORPORATED UNDER THE REGISTRATION Of SoCISTIES Act (AcT XXI or 1860).
THIS IS AN INVENTION BY HANDADY VENKATAKRISHNA UDUPA, Dirgctor, PENNAGARAM VYASA RAO
VASUDEVA RAD, ScientisT, THIRUMAL RAO VASANTHI, SENIOR LABORATORY ASSISTANT, ALL OF THE
CENTRAL BLLCTRO-CHEMICAL RESEARCH INSITTUTE, KARAIKUDLI-3, TAMIL Napyu, INDIA, ,
ALL INDIAN CITIZENS.

The following Specification describes the natare of this invention,

Fhis invention relates to improvements in or relating to
‘impregnation and formuing of plaies for nickel cadmium
batteries.

Hitherto it has been propoesed to impregnate sintered
_matrices of nickel powder with nickel mtrate or cadmium
.nitrate or sutiable salt sotutions of either cadmium or nickel
for either negative or positive as the case may be. To
.improve the process of impregnatton and forming the active
material, several other methods iike thermal impregnation
ind electrolytic methods have been developed, but there is
no teference to improve the conventlonal process by making
certain additions, either to the impregnating solutions, or to
the forming bach.

The object of this invention is to make certain additions
~-{o the i1mpregnating solution to improve the process of
“precipitating the aciive material, inside the pores of the
~sintered matrices with a view to improve the efficiency of the

aciive material.

To these ends the invention broadly consists in adding
certain surfa¢e aclive agents to the impregnating solution
ar to the formipng bath, in gquantities varying belween
0,005% to 0.2% by weight per litre of the impregnating solu-
non, the gquantity being limited by the solubility of the

“eurfactant Cationic surfaciants belonging to tetra substi-
™tuted quaternary ammonium compounds with the general
“elactronic configuration

’ Ry + ’
\ R: N+ R ¥ = in which N-R, N-R2 etc,
= fn R

epreseiits 4 covaleat nitroges-carben bond: i, ¢. one of the
groups RI1—Rdis a hydrogen atom. X represenis the anion.
Tor example, the following surtactants like alkyl-di-methyl
“benzyl-ammonium-chloride, eetyl trimethyl ammonium bro-
mide, e¢hloride, cetyl triethyl ammonium iodide, lauryl
Aymethyl benzyl ammonium bromude, p. steryi phenyltrime-
‘hyl ammonium metho sulpbate.

.+ The suitable weight of the compound is dissolved in a
simall quantity of the wunpregoating seclution first, heat
apphied, if nmecessary to disselve it completely, and then
idded to the main buik of the solution. The impregnation
a8 ¢arrid out in vacuum by the usual process. The forma-
dion is carried out eiecirolytically with sodium hydroxide
of 30% by weight, at norimal temperature. The umpregnaied
.plaques are cathodically polarised at a current density of
51020 amps/dm?. The post-treatment of the impregnaied
plaque 1s carried out in the usual way.

The following typical examples are given to illustrate
the invention.

Example I
POSITIVE PLATES
Impregnating solulion : Nickel nitrate
Addition agent : Cetyl trimethyl ammonium

ioxide—0.05% by weight/
letre of impregnating

salution
Forming solution . 30% sodium hydroxide
Current density . 10 amps/dm*
Time of formation : $-an-hour

Plates formed as above were compared with plates
formed without the addition agent and gave the following
performance {an average resules of 3 different plates in each)

Percentage of utilisation at

Cf5 3 1o0C
rate C rate rate rate

Plates formed with

addition agent 93%  75% 749 499
Plates formed

without addition

ageni - 829,  65%  46% 239
Example 1
NEGATIVE PLATES
Impregnation solution : Cadmium nitrate
Addition agent . Cetyl triethyl ammonium

bromide-0.05% by weight/
litre of impregnating

solution
Forming solution : 30% sodium hydroxide
Current density @ 16 amps{dm?
Time of formation : {-an-hour

Plates formed as above were compared with plates
formed without addition agent gave the following per.
formance (an average of 2 difterent plates in each)

Percentage of utilisation at
5 hr IC 3C 10C
rate rate  rate rate

Plates formed with
addition agent 209%, T0% 309, 22%;
Flates formed

without addition agent 809, 529, 5% 13%

Priae : TWO RUPEES



2 138127

The main advantages of Lhe invéntion are *
1) Increase in parcentage of utihsatiof :

2) Consequently, the weight of the activc material
required to give the specified capacity will also be
lower. This will reduce the total cost  Since mickel
18 saved, this will also reduce the dependence on
the import of the same,

3) Simularly, a saving 10 cadmium consumption is also
achieved.

8d/- R. Bhaskar Pa1
Patent Officer
Council of Scientific and Industrial Research

Dated this 28th day of June, 1972
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The following Specification particularly describes and ascertains the nature of this invention and the
manner n which it is to be performed :—

This 1nvention relates to ymprovements 1n or relating
to impregnation and forming of plates for mickel cadmiam
batteries.

Hitherto 1t has been proposed to i(mpregnate sintered
matrices of nickel powder with mickel nitrate or cadmium
nitrate or smtable salt solutions of either cadmium or
nickel for either negative or positive as the case may be.
To 1mprove the process of impregnation and forming the
active material, several other methods like thermal impreg-
pation and electrolytic methods have been developed, but
there 1s no reference to 1mprove the conventional process
by making certain additions either to the impregnating
solutions, or to the forming bath.

The convenilonal methods and the recent methods of
thermal impregnation and direct formation methods aims
at reducing the number of i1mpregnating <¢ycles but not
improving the efficiency of utihsation. The present
method aims at reducing the number of impregnating
cycles as well as the eficiency of utilisation as compared
jn the examples given.

The object of this 1nvenmiion i3 to make dertain
gdditions to the impregnating solution to 1mprove the
process of precipitating the active matenal, 1nside the
pores of the sintered matrices, with a view to improving
tlies efficiency of the active material. This improved effi-
ciency also saves the total quantity of active material
required for a given capacity.

The new finding consists In making certain additions
to the impregnating solution and forming the same into
the active material which has got a higher efficiency of
utilisation.

The new result obtained by the addition of certain
fuartérnary ammonium compounds having a configura-
tioh of

Ry +
Bi: N: Ry X-in which N-R, N-Rs etc. represents a
Ry covalent nitrogén—-carbon bond , 1¢. one
of the groups Ry covvenenn Ry

1s & alkyl or atyl substituént for a hydrogen atom X
répresents the amwon. For example the following
surfactants like alkyl-di-methyl benzyl ammonium chloride,
¢etyl trimethyl ammonium bromide/chloride, cetyl tri-ethyl
ammonium iodidé, lauryl-di-methyl-benzyl ammonium
bromide, P. steryl phenyl tri-methyl ammonium metho
wulphate, is tllustrated an the examples given

It can be seen that a large difference i1n the utilization
efficiency 158 obtained with the addition agent especiaily at
high rates Such a change brought about by an addition

agent to the smpregnaung solution has not been reported
earlier

The present invention consists of addition of certaiy
quarternary ammoniunm compounds to the imprégnating
solution used for preparing nickel cadmium battery plates
The active material produced with such an addition has a
higher utihisation efficiency than the active material
obtained by the conventional impregnation and forming
method. This 1ncreased efficiency 1s more pronounced af
high rates of discharge than at normal rates.

According to the present invention, there 1s provided
an improved process for producing positive and negative
plates of alkaline nickel cadminm batteries which conspste
1n adding a quarternary ammomum compound of the
general formula

Ra +
Rl + N Rs X-
R,

to an impregnating solution consisting of njickel or cad
mium salts as the case may be, and i1mpregnating the
solution into porous sintered matrices 1n vacuum ans
precipitating and forming the mckel or cadmium hydroxide
electrolytically in a solution of sodium hydroxide.

The process of impregnation is carried out in vacuum
by Kkeeping siniered matrices in an aqueous solution o.

nickel niirate or cadmium nitraie for the positive or the
negative respectively.

A quarteripary ammonium <ompousd with the cons
figuration,

Rs +
Ri: N R X~
Ry

for example alkyl dimethyl-b.Azyl-ammonium chlotide,
cetylirimethyl ammonium iouwidé or hydroxide, cety!
trimethyl ammonium bromide chloride or hydroxide,
dimethyl-bedzyl ammonium bromide, P-phenyl-tri-methyl
ammonium metho sulphate and 1n particular cetyl trimethyl
ammonium bromide 15 added alone, or 11 combination, tr
the impregnating solution.

The conceatration of quarterinary ammonium @omy
pound ranges between 01 10 5% wtiv.

After 1mptegnation, the active matenals of nicke.
hydroxide for the positive and cadmuum hydroxde for_
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the negative are precipitated inside the porse of the sintered
matrices by dipping in an aqueous solution of sodium
hydroxide, and electrochemically treating the same.

The impregnated plates are treated as cathodes.

A current density ranging between 2 to 20A per dm®
preferably 10 amp/dm? is used, at the temperature between
30 to 90°C preferably at 46°C.

Thus, the process of impregnation is carried out by
keeping sintered matrices in an aqueous soluiion of nickel
nitrate or cadminm nitrate for the positive or the
negative respectively and evacuating the system.

Typical examples

POSITIVES .

Percentage o! utilisation at
C{5 rate IC rate 5C rate 10C
rate

Plates formed with
addition agent, 93% 75% 4% 499

Piates formed with-
out addition agent 82% 65% 46% 23%

Percentage of utilisation at Cf5

rate at 0°C
Piates formed with
addition agent 87.9%
Plates formed with- .
out addition ageant 67,11%
NEGATIVES
Percentage of utilisation at
Cj5 rate  1C rate 5C rate 10C rate
Plates formed with .
addition agent 90% 70% 30% 229,
FPlates formed
without addition
80% 52% 159 13%

agent

Percentage of utilisation at
g CIs rate at 0°C
Plates formed with

addition agent 67%
Plates formed with-
out addition agent 43%

The main advantages of the invention are (1) increase
in percentage of utilisation {2) consequently a lower
requirement of the active material to give the specified
capacity. This will reduce the total cost. Since mickel is
saved, this wiil oiso reduce the dependence on the import
of the same. (3) a saving in cadmium cosnumption is
also achieved.

Sintered matrices for nickel cadmium battery are
usually impregnated with the solution of NiNQyg), for
the positive and the solution Cd(NOy)a for the negatives.
Several evcles of impregnation and forming are required
for getting the proper quantity of aclive material impres
goated and the efficiency of utilisation of such an active
material is Jow. If has been found that making an addition
of certain quarternary ammonium compounds already
mentioned above improves the efficiency of the active
material so that the quantity of aclive material
required to produce the given capacity is less and
so more economical. The performance is more markediy

Mt o Fa e wpe e T 0 ST o s AL NI LGN i 3. -

3

improved at high rates of discharge and at low tem-
peratures. The machapism of such an improvement is not
well understood though the main reason appears to be
reduction in the size and distribution of the particles of
the active material, which increases the total surface
area,

WE CLAIM :—

1. An improved process for producing positive and
negative plates of alkaline nickel cadmium batteries
comprises adding a quaterinary ammoniom compound of
the general formula

Ra +
Ri: N; R, X-

Ry
to an impregnating seolutivn consisting of nickel or
cadmiuvm salls as the case may be, and impregnating the
solution into porpous sintered matrices in vacuum and
precipitating and forming the nickel or cadmium hydroxide
electrolytically in a solution of sedium bydroxide,

2, A process as ¢laimed in Claim 1 where the process
impregnation is carried out in vacuum by keeping sintared

matrices in an aqueous solution of nickel nitrate or
cadmium nitrate for the positive or the negative
respectively.

3. A process as claimed in claim 1| or to wherein a
quarterinary ammenium compound with the configuration.
Ry -+
N: Ry X-

Ry

for example alkyl dimethyl-benzyl-ammoninm chloride,
Cetyl-inimethyl ammonium iodide or hydroxide, cetyl
{rimethyl ammonium bromide chloride or hydroxide.
dimethyl-benzyl ammonium bromide, P-phenyl-trimethyl-
ammonium method sulphate and in particular cetyl
trimethyl ammonjum bromide is added alone, or 1n
combination, (o the impregaating solution

R

4. A process as claimed in any of the preceding claims
wherein the conceniration, of guarterinary ammonium
compound ranges between .01 to .5% wtjy.

5. A process as claimed in any of the preceding claims
wherein after impregnation, the active materials of nickel
hydroxide for the positive and cadmium hydroxide for the
negative are precipitated inside the pores of the sintered
matrices by dipping in an agueous solution of sodium
hydroxide, and electrochemically treating the same.

6, A process as claimed in any of the previous claim
wherein the impregnated plates are treated as cathodes,

7. A. process as claimed in any of the preceding
claims wherein a currenl demnsity ranging between 2 to
204 per dim® preferably 10 amp/dm? 1s used, at the tem-
perature between 30 1o 50°C preferably at 40°C,

8. An improved process for producing positive and
negative plates of alkaline nickel cagmium batteries subs.
santially as herein before described.

5d/« R. BHASKAR PAI
Patent Officer,

Council of Scientific and Industrial Research,

Dated this 22nd day of August, 1973,
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