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Int. vt.:-H 01 m 

COMPLETE SPECIFICATION 

Electrodes and their production 

We, UNION CARBii>E CORPORATION, of 
270,,Park Avenue, New York, State of New 
York, United States of America,. a Corpora­
tion organised under the laws of the . State 

5 of New York, United. States of America 
(Assignee of RALPH MARTIN FOECKING' 
and DEMETRIOS VASILIOS LOUZOS), do 
hereby declare the invention, for which we pray 
that a patent may be granted to us, and the 

10 method by which it is to be performed, to be 
particularly described in and by the follow­
ing statement: -

The present invention relates to negative 
electrodes for use in alkaline cells and to pro­

IS cess for the manufacture thereof. 
Various prior art techniques are known 

which can be used for the manufact\Jre of 
alkaline cell electrodes ·having improved pro­
perties.·. due to increased porosity, i.e. in-

20 creased· ·electrode surface area. 
These prior art · techiliques deal mainly 

with· the compressiOn molding of finely divi­
ded i:nixtures of conductive materials and nega­
tive active materials and require either that 

2S specific crystalline types of material be em­
ployed or that more than one type of nega­
tive active material be present iJ;J. the mixture . 

For example, it· has been proposed to pre­
pare electrodes by compressing a mixture of 

30 dendrites of needle-like ·crystals of a conduc­
. tive material, such as copper, and a negative 

active material ·such as· cadmium hydrate. The 
,. 'use · of the aforementioned crystal types is 
~uited in· this process in order to produce 

'-5 a· desired· .interlocking therebetWeen to thus 
provid~ a· porous electrode structure. In addi­

- tion ·•to requiring particular crystalline mater­
. ials it is also .,_necessary in this known Process 

_that· spetjal care be taken in haildling the 
40 'nuxed. inatetials in erder' to' preserve the ··<: onginlill' ¢tj>stalline structure. Moreover, the 

. ''-.._~on provided by the ·interlocking· of the 
----<· ·Crystals 1s not always sufficient to prevent 

- ·sehening ·of the electrode and loss of capa-
45 city. ' ' 

[Price 4s. 6d.] 

In another known process, the use of the 
special crystalline forms is not considered 
essential, however, the use of r:µore than one 
type of negative active ~terial is necessary 
in orde~ to provide. suita~le porosity in the 50 
electrode. · 

It can thus be seen that' heretofore, in order 
to provide an electrode having increased 
porosity, it has been found necessary to use 
special materials and at times special pro- 55 
cessing and handling techniques. Moreover, 
the degree of porosity provided by these pro­
cedures did not always prove to be entirely 
satisfactory for the intended use. 

It is therefore the object of the present 6U 
invention to provi4e an 'electrode for a second-
ary alkaline eell having a high surface area 
and increased porosity which can be manu­
factured simply and without the need for 
spe<;ial ·materials. 6S 

.Accordingly, the· ··present invention pro­
vi~es a negative electrode for use in :an alkal-
ine cell which comprises a compressed mix-
ture of a co:D.ductive metal powder, a. negative 
active material and solid potassiuin hydroxide 70 
or. solid sodium hydroxide. 

This electrode when placed in contact with 
the electrolyte of an alkaline cell develops a 
high ·porosity upon. dissolution of the solid 
KOH or NaOH ·contained in the electrode. 75 
This high po.rosity condition is achieved with-
out the use of special materials or special 
processing .. 

It is preferred to use KOH and, for the sake 
of .convenience the· P.resent invention will be 80 
de8cribed· in· detail with reference thereto. 

In· the practice of the present invention, a 
finely divided mixture.·of conductive material, 
negative active material, and solid KOH, is 
ptepa~d -and subsequently compression mol- 85 
ded, preferably, but not necessarily, on a con".' 
ductive support. ·The crystallii2e structure and 
sizing of the particles_ in · the mixture is not 
critical:; it being·· important only that, after 
c<>nl:pression molding, the packing of the· com..; 90 
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pressed i:riixture be betweei:I. about 45 per ~ve material can be CdO or~Cd(OH)a when . ;,;-., .. centand80 per cent and preferably between producing uncharged electrodes. Iron~powder · 20-~ · !~1::°Jiir~J2ri~~l ;3J~ .. . _ca!n a1s:~n=~~::cti:~~y ·:: .,. 5 mixt_ure in a ~ven ':olwne diyided. by ~ be present 'iii the mbcture in mno1JQ~ o( ~ ... maxunum posSlble ~ght of ,said llllXtlJre m .. tQ SO per ~t. by weight and t:he ai:notJn.t of ~e same V?lume). M~ of the ~olid par_t.. neglltiV:e a<;:tive material can Va.iy from . .fl) 25 . Icles and Sllllultaneous SIZe red.Uction of the t6 95 per··cent by weight. The~ 1$gC for KOH, which is most conVeniently added as KOH is from S to 25 per cent. by '\iVCignt of 10 pellets or flakes, may be accomplished in any. the. electrode mix. · . •. . · . · · one of several types of mills, e.g. a muller, Specific proportions of mixture constitu .. swing hammer, or rotating knife type~ -Simple ents which have ~ testec:l and .wlili.:h p~ 30. blending is .sufficient if the KOH is iriitiillly . . vide a Stiitable Uiicltarged . dectri:ide are sho\vn finely divided. in Table I. _These mixture$ were c<>Qipression .. 15 With rCgard to the mixture constituents, molded on· a metal screen at a pressure of the conductive · material can for example be about 8 wmi Rei' jn2 and used as electrodes in Dickel powder such as derived from nickel open beaker trials and in sealed Ni-Cd. con- :3S carbonyl . decomposition and the negative stritctions. 

TABLB I . . . : . 

. ·._·:."·, . 
· · · NePtive ~ctive 

'' Material .. 
Per eent by weight' · 

· · CoJiduCrlve Ma~ • 
Per cent by Weight 

.~OB: .. ~oWder : .... ·-· -~ .. . Per tc:nt by·WeigJit. 

54;5 CdO 

49.6 CdO 

26~3010 

36.3. Ni oi' Fe ., .. 

33 Ni 

·' "9.2 

17.4 

30.o' ~(OH)1 . 35Ni 

: With . regm to the formation of the elec­tr:ode, conventfonal compression. mold,ing tech­niqµes. using the, usual equipment aaj_., 40 p~~sµres f1'9Jll about. 3 · tons tO. 20 tons per . . . in2 are considered to be suitable in. the prac-tice of • the • present: jnyention. .· · . .. . · : .··. · · .. The elecQ.'Ocle of tb,e: pJ:esent ·invention :is· se.lf:-supporting,. i.e. it.· does not shed, and it 45 can be c)larged completely or partially either outside the cell or after the cell is assembled aruf Seaied. · ..• . . . . . · . .. Thus> a ~rv~ Ni-Cd cell can be made ~ith the w~t~: left; out during shelf storage. 50 .'rh.~. water can ~ .• ad~ through a suitable s~l. w~n. needed: f9~ . senr_ice. · . When the el~d.e. of this. invention.come$ · in1;C) contact with ·aqueous KOH electf<>lyte during electroforming, the Solid KOH con ... 55 tain.ed in lbe ~~e disSolves with the C(in-. L,, · ~que11t fonna~on: Qf elec:trolYte channels in the ele.cl:r94e .. stru<:tQre. ·;which ·provide· a suit-a~le ·.ratio· of. p~~ .. volw:µe .. to· apparent .elec­~de ,vQlume .. fQr Jiigb ~ service. Also> the 60 dissolution of .the $(,lid· KOH, in addition to pr(mcihig.· a_·p.~rous, bi8h-sQr.face ·area .~~. suitable for' use as an' electrode also furnishes . a4i#.iJona1 ~Ustjc for iecycUng. · . · · . . .Ji:i . additi.<m tQ · the µncharged electrQdes 65 pre.Viously · described, the . present . invention . ... also, .. contemplates tb.e prodUCl:ion of charged cadmium electrodes·· prepared in the same 

... ;· 

.. : . s.t· 
ma~ ~. Uncharged electrodes .~t-. that· Cd i;n~-is usecf. as:the negad:ve active-mater-ial._. ~ppr~tely:<.the same proportiQ:QS 9f 70 eonductive material and KOH· can.· :be,, used tor preparing charged !Ul<i · unCbaigett: . dee~ trodes. A . cluuged . ele~de in; a.ccordance with this .. invention was formed of a mj:xture of 54.4. per cent by Weight ·Cd> .36.S p~ cent 75 by weight Ni> 9.l per cent ))y. weigh~ K()H, In ~ present invention, *e· use . of flakes ·, · or pellet-a of KOH in · ~e · f•brication, of the. electrocle provides . a. further lldvaµJ:Qge . in · . thl!t the KOH;, .while in the solid. st~te;- -~ 80 as a_. "Qincler, in add.itipn to being -a: fugitive . material. While the binding f()~ of ~ KOH , .. is. relati".ely weak, i~. is n~eless _y!g~,'."-- · cant. Smee. the usual fugiu~-:-- _req~ .. ·>., washing of t4e ele~ prio~~,,.to-· -~iF---@.S __ and · · even then remam to some ·· e,;J;,ent- · ·" al! an '. bnpUrlcy, and• Si~<;e -~ • ~i. C, - • bbiders. take: _up cqnsiderabl~ ·.~ace ·· and. _, .. co~quen1iy ·lower · volwnetric· . effic;je,µ~, ·_i_~, ~~~··. can be -seen that the combined non..contamin.,.;;... 90 ating f~tiye h?¢~ .Qf. t!1is · inventl9~:~~~:~-'-':, sents a substantial indt:1~1ll benefit..;.;:, : _ _ ,;;:.,,; ,~ - , AlthQUgh. • preferred ~t :ij"~ as~ .. - ·-- ... ~fe>re. ·descn~, i~ i_s: Pe>sS.ib1~.in; ~e._.:~/ ins:t~~ to einpJoy ~ubstitute ·m,at~ _,. ~pJe; · NaOH may. be substitu.tet:\:f<u.:~,..Q!L./ If performance at low temperature Is not n>:· r .· quired. Similarly, zinc or zinc ox_ide ~ay be .. 

. ' 
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substituted for cadmium or cadmium oxide if 
shorter cycle life is acceptable in a second­
ary cell. Zinc may be also substituted for cad-
mium in making a charged negative electrode 
for a primary alkaline cell, e.g. of the reserve 
type. 

WHAT WE CLAIM IS:-
t A negative electrode for use in an alkal­

ine cell which comprises a compressed mix-
10 ture of a conductive metal powder, a nega­

tive active material and solid potassium hyd­
roxide or solid sodium hydroxide. 

2. An electrode as claimed in claim 1, in 
which the conductive metal powder is nickel 
or iron powder. 

3. An electrode as claiined in claim 1 or 
2, in which the negative active material is 

• ·cadmium, cadmium oxide, cadmium hyd-

~ roxide, zinc or zinc &Weo. · 
20 4. An electrode as claimed in: any of claims 

1 to 3, in which the conductive metal powder 
is present in the mixture in an amount of up 

· to SO per cent by weight, the negative active 
.. material is present in an amount of from 40 

25 to 95 per cent by weight and the potassium 
hydroxide· or sodium hydroxide is present in 

. ~ .an amount of from S to 25 per cent by 
·.Weight. 

5. A negative electrode for use in an alka-
30 line cell substantially as hereinbefore particu-

larly described. · 
6. A process for the production of a nega- . 

tive electrode as cll!.imed in claim 1 which 
comprises preparing a finely divided mixture 

35 of the metal conductive powder, the negative 
active material and· solid potassium hydroxide 
or solid sodium hydroxide ~ then com-

pression molding said mixture. 
7. A process as claimed in claim 6 in which 

the mixture is compression molded on a con- 40 
ductive support. 

8. A process as claimed in claim 6 or 7 in 
which, after compression molding, the pack­
ing of the compressed mixture is between 45 
and 80 per cent. 45 

9. A process as claimed in claim 8 in 
which, after compression molding, the pack­
ing of the compressed mixture is between 60 
and . 80 per cent. · 

10. A process as claimed in any of claims 50 
6 to· 9 in which a pressure of 3 to 20 tons 

per square inch is used in the compression 
molding. 

11. A process as claimed in any of claims 
6 to 10 in which the conductive metal powder 55 
is nickel or iron powder. 

12. A process as claimed in any of claims 
6 to 11 in which the negative active material 
is cadmium, cadmium oxide, cadmium hyd-
roxide, zinc or zinc oxide. 60 

13. A process as claimed in any of claims 
6 to 12 in which the finely divided mixture is 
composed of up to 50 per cent by weight of 
the conductive metal powder, from 40 to 95 
per cent by weight of the negative active 65 
material and from S to 25 per cent by weight 
of potassium hydroxide or sodium hydroxide. 

14. A process for the production of· a_ 
negative electrode substantially as hereinbe-
fore particularly described. · 70 

W. P. THOMPSON & CO., t\· W\ 
12, Church Street, Liverpool, 1. 

Chartered Patent Agents. 

Leamington Spa: Printed for Her Majesty•s Stationery Oftice, bl' the Courier Press 

(Leamington1 Ltd.-1965. Published by the Patent O!Bce, 25 Southampton Buildings, 

London. W.C.2, from which copi~ may be obtained. 
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substituted for .cadmium or cadmium oxide if 
shorter cycle life is acceptable in a second­
ary cell. Zinc may be also substituted for cad­
mium in making a charged negative electrode 
for a primary alkaline cell, e.g. of the reserve 
type. 

WHAT WE CLAIM IS:-
1. A negative electrode for use in an alkal­

ine cell which comprises a compressed mi.x-
10 ture of a conductive metal powder, a nega­

tive active material and solid potassium hyd­
roxide or solid sodium hydroxide. 

2. An electrode as claimed in claim 1, in 
which the conductive metal powder is nickel 
or iron powder. · 

3. An electrode as claimed in claim 1 or 
2, in which the negative active material is 
·cadmium, cadmium oxide, cadmium hyd­
roxide, zinc or zinc evido. 

4. An ele1;:trode as claimed in any of claims 
1 to 3, in which the conductive metal powder 
is present in the mixture in an amount of up 

· to 50 per cent by weight, the negative active 
material is present in an amount of from 40 

25 to 95 per cent by weight and the potassium 
hydroxide or sodium hydroxide is present in 
an amount of from S to · 25 per cent by 
weight. . 

5. A negative electrode for use in an alka-
30 line cell substantially as hereinbefore particu­

larly described. 
6. A process for the production of a nega­

tive electrode as claimed in claim 1 which 
comprises preparing a :finely divided mixture 

35 of the metal conductive powder, the negative 
active material and solid potassium hydroxide 
or solid sodium hydroxide and then com-

pression molding said mixture. 
7. A process as claimed in claim 6 in which 

the mixture is compression molded on a con- 40 
ductive support. 

8. A process as claimed in claim 6 or 7 in 
which, after compression molding, the pack­
ing of the compressed mixture is between 45 
and 80 per cent. 45 

9. A process as claimed in claim 8 in 
which, after compression molding, the pack­
ing of the compressed mixture is between 60 
and 80 per cent. · 

10. A process as claimed in any of claims SO 
6 to 9 in which a pressure of 3 to 20 tons 
per square inch is used in the compression 
molding. 

11. A pro.cess as claimed in any of claims 
6 to 10 in which the conductive metal powder 55 
is nickel or iron powder. 

12. A process as claimed in any of claims 
6 to 11 in which the negative active material 
is cadmium, cadmium oxide, cadmium hyd-
roxide, zinc or zinc oxide. 60 

13. A process as claimed in any of claims 
6 to 12 in which the finely divided mixture is 
composed of up to 50 per cent by weight of 
the conductive metal powder, from 40 to 95 
per cent by weight of the negative active . 65 
material and from 5 to 25 per cent by weight 
of potassium hydroxide or sodium hydroxide. 

14. A process for the production of· a 
negative electrode substantially as hereinbe-
fore particularly described. 70 

W. P. THOMPSON & CO., j\. W\ 
12, Church Street, Liverpool, 1. 

Chartered Patent Agents. 

Leamington Spa: Printed for Her Majesty's Stationery Ofllce, by the Courier Press 
(Leamington1 Ltd.-1965. Published by the Patent Office, 25 Southampton Buildings. 

London, W.C.2, from which cople!! may be obtained. 
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