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· _ Improved Electrode Structure for Nickel Metal Hydride Celli 

Background of the Invention 

1. · Field of the Invention 

The present Invention relates to improved electrodes for. rechargeable electrochemical 

cells, and more particularly. to improved electrodes for nickel metal hydride celll. Specifically, 

the present Invention relates to an improved electrode design for nickel metal hydride cells which 

signlftcantly lnlu"bits the infantile shorting of the wound cells. 

2, Ducrlptlon. or the Prior Art 

Generally1 the manufacture and use of electrodea for electrochemical cells, including 

nickel metal hydride cells. is know to those skilled in the art. Such electrodes usually Include a 

· porous or perforated conduotive n1etal substrate onto which is deposited a layer of 

el~cally active _material. The electrochemically active ~eriil may be applied to the 

substrate u a· preuecl or pasted materiil wherein an orpnlo binder . provide& mechanical 

integrity. Tho pasted substrate is tben subjected to mild heat and pressure in order to form a 

compact layer of active material on the substrate. Alternatively, both positive and negative · 

electrodes may be of a sintered design. For exampl'9 a peri'orated or wire mesh steel substrate . . 
may be sintered with a carbonyl Dickel powder la.yet or layers to Conn a porous electrode plate.· 

The resultant porous pla~ ls then conv,entionally lmprepated with a solution of ~ 

electrochemically .active materlal. Such techniques of electrodo formation arc well known in the 

art. 

Onco tho olectrodos 81'.0 fonned, they must thon be manufactured Into a cell. In one 

method of: mamdlcturing aylindrical cells, a negative ele~Qdo plate and a positive electrode 

plate are a1temated with two _pioces of separator material. such as nylon. This uscnnbly is then 

wound into a spiral such that the surtices of the positive and negatJvo electrode plates are 

juxtaposed throughout the cell. These cell components are generally wound around a removal 

arbor whir;h is positioned within a nest having a diameter approximately that of the container of ... 
the electrochemical cell. U.S. Patent No. 41814,242; No. 4,165,199; and No. 4,929,519 all 

disclose Ni·Cd electrochemical cells using latOK binder materials of some sort to bind tho a~tive 
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material toaiffier. However, some are directed to NI metal ·hydride cells nor the problem 

discussed below. 

One of the dlillcultiea with the development of the nickel metal hydride cells, including 

tho AB2 and ABS alloys, is that they have had a tcndoncy to be iomewhat brittle and inflexible. 

Thus, when the olectrodes are bent when being wound, there _is a tendency for the 

electrochemically active material to spall and flake. "PU• tendency can at times cause penetration 

of the separator material, and shorting of tho cell. This la particularly true during the lnltlaJ or 

infantile start-up use of tho cells, with up to 100~ of cells 11-equently being lost through internal 

shorting. Thus, there remains a need for developing nickel metal hydride electrodes, ~oth 

positive and negative, which are much mo~ flexible, have greater inteirity, and do not spall or 

flake durina winding without affecting the cycle life of the cell. 

Surnmary ot the Invention 

Accordingly, it ls one object of the preaent invention to provide an improved electrode 

design which Inhibits iDfimtlle shorting. 

It is another object of the present invention to provide a nickel metal hydride electrode 

which is flexible for purposes ~f windlns and allttlq so as to prevent flaking or the 

electrochemical active material. 

Yet another obj09C of the present invention ia to provi~e a sintered negative metal. 

hydride electrode which h11 reduced electrical shorting tendencie1 yet onhanced cycle life. 

To achieve tho ~rogoing and other objects and In accordance with a purpose of the 

present invention as em~odied and broadly described heroin, an electro~o is disclosed for use in a 

would nickel metal hydrldo electrochemical cell. The electrode also includes an efrective amount 

of an elastic binder coatlns which coats the outer surfaae of tho active material to enhance the 

integrity of the eleotrode and to substantially inhibit infantile shortlna during tho operation 

thereo£ 
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Brief Description or the Drawings 
I 

Tho accompanying drawing which is incorporated ln and fonns a part of the speclllcation 

illustrates a preferred embodiment of the ·present invention and, together wlth a description, 

serves to explain the prindples of the invention. In the drawings: 

Fig. 1 is a cro•sectional view of one embodiment of a wound electrode assembly of the 

preaent invention as installed within the container o( a sealed eloctrochemical device. 

Detailed Descripdon of the Preferred Embodiment 

As discussed above, tho present Invention relates to coated electrodes for rechargeable 

nlclccl motal hydride electrochemical cells utillzlng the same,_ Referring to Pig. 1, a sealed 

electrochemical cell 10 includes a container member 12 having an inner surface 14 and a WC>und 

electrode assembly 20. The '1ectrode assembly .20 is dimensioned and configured to be disposed 

within the container 12 tightly against the ~ 14'. The container 12 may be constructed from 

any known material Jn the art suitable for its purpose, auch as nickel plated. steel. 

Referring with more particularity to the electrodo assembly 20. a neptivo electrode plate 

22 is illustrated and includes a substrate member 24 and an electrochemically active material 26, 
. . 

As illustrated, tho electroohemlcally acdve material ls secured to both faces of the substrata 24 

and may be secured to the aubstratc 24 in any manner known in the art such as ~ pre~sing 

suitable paste, which ls •. mixture primarily of active material and binder, onto and through the. 

perforations of the porous substrate 24. Alternatively, tho active material my be preferably 

bonded to the substrate 24 by mans of simultaneous . extrusion fi'om a orrisa-head die in an 

o~sanlc sluny cont.ming the active material in suspension onto both sides of the substrate, 

thereby permeating the substrate and tbrming a layer on each side thereo£ Aa previously 

. indicated, the electrochemically active material may also be sintored to the substrate plate 24, 

Likewise, a poaitive plate 28 iS illustrated and includes a substrate material 30, and an 

electrochemically active material 32 secured to both faces _of.the s\Jbstrate 30. Again, the 

electrochemically active material 32'·may bo secured to the p!ato 30 in any known manner as 

discussed above. 
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Tho-tclection of materials for the substrate and tho electrochemi<:ally activo material may 

be any u desired and known in the nickel metal hydride art depending ~n the cell desired. 

In addition, tho positive plate 28 and tho negative plate 22 are separated by a pair of . 

separator sheets 34, 36. The separator sheets 34, 36 are again of standard design in the art and 

enable flow throup of electrochcmioally aotivo material wi~t d~~ electrical contact 
. . . 

between the positive and negative plates. In the ill1i11trated embodiment, the negative plate 22 Is 

coated .With an elastic binder layer 38 in accordanco with the present invention. The positive 

plate 28 may also be coated u_described below, althoush th.ii coating is not illustrated In Fig. 1 

for simplicity and clarification purposes. 

AJ both tho neaative ~d positive plates 22, 28 are wound to form the cell 10, there has 

previously been a tendency tbr the electrochemically active JMterial 26, 32 to splinter, tlakc and 

spall. Unfortunately, this sometimes resulted m the soparaton 34, 36 being permoated th~y · 

cau~s shorts in the cell 10. particularly durins Initial start-up operation. Such lniti~ shorting Of 
tho cells is termed inftmdte shotting and typlcally bu resulted In at least 10% and ftequently 

more of the new cells having to be discarded resuitlna 11-om unacceptable oell performance due 
.. 

to such lnfantlle shorting. While prior nickel cadmium rechqeable cells experienced a certain 

amount ~ch intmtile shorting. this p~oblem became acute with· nlckel metal hydride cells due to 

the more brittle nature of tho AB2 and AB5. alloys utilized ~ tho electrodes ot such cells, ~ in . 

particular the negative electrode. 

It was discovered that if the electrodo surfkce was coated with a layer of an elastic binder 
. . 

material of suftlclent thlclcness, this Lendency for the electrochemically active 11_11torial to tlake 

and splinter" wu ~bltantially reduced. When this tendency was reduced, it wai .discovered that 

the amount· of in&ntile shorting bei111 experienced was also substantially reduced. It was 

determined that a primary cause tbr this reduction was tho fict that the elastic binder material, · 

when pre1ent in an eft'ootive amowit, added ~bstantial flexibility to th~ electrode thereby oft:. 

setting to some desreo the brittle nature of the electrochomieally active material. In this manner, 
~- . 

tho electrodes can bes wound in standard fitshlon· wit~t the electrochemically ~ve material 

being spalled ~ fJaked thereby reducing loss resulting ~m cell shorting. 
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WhilO:iny elutlo binder material suitable for the above described funotion may be utilized 
I 

with the present invention, it is preferred that this material be a hydrophobic polymer having . 

strong blading properties as well as high elasticity. The binding properties help confine the 

surface of the electrochemically activo material tipt to the substrate. Most preferably. tho 

binder coating is selected from styrene-ethylenelbutylone-styrene block copolymers 

manutictured under the tradename KRAYTON by tl)e Shell Chemical Company. 

Tho KRA 'YTON coating not only coats the electrodes to reduce flaking but it also 

improves the intesrity of the electrode structure. The KR.A YTON coating it present in an 

effective amount to.achieve thue functions, ~that efteotlve amount is preferably ?CJ greater 
. . 

than approximately .002 inches thickness. Therefore, only a light coating ls necessary to 

accomplish tho above. If the thickness becomes too great. the hydrophobic nature or 
. . 

KRAYTON may cause problems during discharge Inasmuch u tho electrodu then become rate. 
. . 

sensitive. However, it bu been dlscov~ that tho DAYTON also reduces the chance of the 

electrochemically active alloy to oxidize during cycle life thereby prolongins the oyclo Hfo of the 

cell if the KllA YTON Is not present in too areat of an amount. · Since oxidation of 

electrochemically active alloys is a primary cause of cycle life failure of nickel metal hydride 

cells, this unexpected tbnction is an ·added ~\'alltage to. the p~ed KR.A YTON coating. 

Moreover, in the AB5 eleotrochemlcal c8u structure, tho ABS alloy tends to grow and expand 

when cycled thereby losing its compacted naturo. This tendency previously migrated has the · 

electrochemical actlve material into the separator d~ such expansion, and also during initial 

C01\8tructi0n u a r.wt hm ultrasonio weldins. Tho I<RA YTON coatins provides additional 

integrity to·:&_91eatrode thereby preventing such expansion into the separator • 
. .. . ·.·:· . . . 

The binder c0idq may be applied to the positive and neptive electrodes utilizing any 

number of available techniques. In one instance, the electrodes may be simply dipped into liquid 

KRA YTON or other liquid binder, depending upon the selection. For purposes of discussion 

hereafter, tho preferred binder coating KRA YTON will bo referred to although It Is to. be 

understood that any suitable elastic bi~dcr material as descn'bcd above may be utilized. Another 

manner of applying the D.A. YTON coating is to dlp the electrodes into liquid KRA YTON, and 
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then wipe o~ue=e it oft" as to eJiininate any ~ material. The KRA.YTON coating may 

also be simply wiped or painted on to the electrode surfaces, or, in the alternative, it _may be 

sprayed on in layers. In any event. the liquid ICRA YTON is applied ~o the surface of tho 

electrode in appropriate thickness and then allowed to dcy. 

It is believed that the KR.A YTON will tend to penetrate any pores in the electrode 

structure thereby providing the ~hanced integrity previously discussed. Moreover, certain 

electrode structures include srooves or other dimples in the substrate surface in order to assist in 

adhering the electrochemically active material to the substrate. Such structural forms in the 

substrate may also bo selected in the over-all electrodC fonn after the electrochemically active 

materlal has been deposited onto the substrate. It has been discovered that the KRA YTON 

· coating will te.nd to fill the dips and gaps in such grooves or dimples thereby assisting in the - . 

prevention of flaking and spalling by physically holding the splinter or flake in place, and not 

allowing it to spall off as the electrode is waund. 

Other advantages to the KRAYTON coating have been discovered. One such advance is 

in reducing the amount o dust generation during the winding proc:css resulting from dust. 

particles being discharged from the electrochemically material as the electrode is being wound. 

Moreover, it has been discovered that the KRAYTON coating assists in cutting or slicing the 

eleetrodes during manufiwture. since the electrode plates arc generally made in large sheets, and 

then cut to size depending upon the particular electrochemical cell size into which the electrodes 

are to be placed. Previous to utilizing the l<RAYTON coating discussed above, such slicing or 
~ . . 

. . 
cutting operations tended to spall some of the electrochemical material from the substrate at the 

edges of the· sliee as well as the generated dust during the slicing operation. The KRA YTON 

coating assiats.-· in decreasing the amount of dust generation, and spalling during slicing 

operations. 

As previously discussed, it had been indicated that at least l 0% of nickel metal hydride 

cells- were being l0$t due to infantile shorting. In certain instances. the scrap rate has been as 

high as 20-5001' prior to utilizing tlfo KRA YTON coating as described above. As a result of 

applying the KRAYTON coating in accordanee with the invention described above, the winding 
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losses hawd>ocn shown to. be rc<luced by a factor of 5-10%. Moreover, the reduction of 

inf'antile shortage losses as compared to controls has been u~ward to 
1 
50%. Thus, the present 

invention has significantly redu~ tho scrap rate of nickel metal hydride cells resulting from the 

aforementioned problems. 

:EXAMPLE I 

In one experiment, four types of positive sintered ni~kel electrodes were produced for 

testing in nickel metal hydride cells, These electrodes were as follows: 

Type A: included a sintered plaque which was very pliable. soft, and had no 

tendency for the swfiLce to break into sharp protrusions. ·This was placed on the 

electrode substrate.. 

TypeB: a standard negative electrode plate was manufactured, and then coated 

with a KRAYrON binder as described above. 

TypeC: a standard plate identical that of Type B wu manufilctured, and then only 

caated at the leading cdse with the KRAYTON binder, which leading edge is utili%ed in 

starting the winding during roll assembly. 

TypeD;. the standard plate was manuActured, and utilized as in electrodes B and 

C, but had no surtace treatment whatsoever. 

~positive el~do A-D was woilnd with a metal hydride AB2 negative plate 
. . 

utilizing a nylon separator, and the same whlding machine. For caoh type A-D. SO electrode 

assemblies were wound. and placed in electrochemical Cell cans to fonn electrochemical cells. 

These cells were then placed into operatio~ and the shorts were det~. The results were as 

follows: .: .. 

TypeA:· 

TypeB; 

. Typo C: 

TypeD; 

0 infimtile shorts 

0 intintile short.s 

4 infantile shorts 

4 iii&ntile shgrts 

The results of this particular Example I indicated that the Type D, sintered nickel metal 

electrodes for nickel metal hydride cells generated 8% shorts overall It was also clear that by 
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simply coatiqtho leading edge with KRA YION as indicated by Type C provided no ~dditional 

change or reduction in shorting. Type B cclli constructed in accordance 
1
with the present 

invention clearly indicated that the present invention would protect against infaqtJle sboJ1s as 

described above. The Type A cells also indicated that pliable, and soft sintered nickel electrode 

surfaces which resist breakage and development of sharp protrusion also will reduce the number 

of infantile shorts, thereby further supporting the th"9ry of infantile shorts as descn'bed above is 

c;orrect. After testing the above cells were taken apart and analyzed, and this analysis clearly 

jndicated that the above shorts for Type C and D cells were the result of sharp protrusions 

passing through the separators. 

EXAMPLE II 

In this example, nickeI metal hydride 4/3A cells were made utilizing ABS compacted 

negative electrodes coated with about a .002 inch~ YTON layer. The control electrodes had 

no KRA YTON1 and the test cells were divided into two categories - one and two passes 

(applications) of.KRAYTON. The results are as follows: 

o/o Shortage/Failures 

~ol 19.4 

l.Jmr 7.3 

2 layer 7.1 

As can be seen. this text clear!}• illustrated that the KR.A YTON coating significantly 

reduced or inhibited infantile shortages of these cells. 

EXAMPLIM 

Y ct another test of the present invention was pcrfonned wherein shortages due to metal 

· particle vibration through the separator resulting ftom ultrasound welding of cells was evaluated. 

In this instance~ the same electrodes and cell types of EXAMPLE II were utilized in this test. 

•'I 
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The result are-as follow: 

No. Tested 

Control 

l pair 

2paJr 

12 

19 

L9 

c 

% Shortage/Failur~ 

so 
16 

s 
Again, the benefits of the present invention are clearly illustrated by the resuJts obtained, 

and show that shortages due to manufacturing processing can also be substantially inhibited by 

the present invention. 

As can be seen from the above, nickel metal hydride cells have experienced an 

unacceptable high loss rate due to electrical shortage at start up resulting from flaking and 

spalling of the electrochemically active material and shorting out the cells. It has been 

discovered that upwards to about 90% of this shortage loss results &om flaking of the negative 

electr.ode, which the balance being attributed to flaking of the positive electrode. The present 

invention is a simple yet highly e.ff'ective technique for significantly reducing this electrical 

shortage loss and bringing the loss to within acceptable limits. The present inventio~ moreover, 

enhances the integrity of the eiectrodos as well as reduces environmental problems during 

manufacture of the electrodes and winding of the cells. Consequently, the present invontion not 

only provides significant economic advantages due to reduced losses but ~lso enhanced 

manufacturing procedures. 

The fQregoll1g description and the illustrative embodiments of the present invention have 

been descrlbed in detail in varying modifications and alternate embodirlients. It should be 

understood,. however. that the foregoing description of the invention is exemplaiy· only, and that 

the scope of tho invention is to be limited only to the claims as interpreted in view of the prior 

art. 
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..} - .•. J \VE CLAIM: 
· CF -i., .. 

I. In an electrode for use in a wound nickel metal hydride electrochemical cell, said 

electrode having an electrochemically active .material carried on a substrate, the 

improvement comprising an effective amount ot an elastic binder coating the out surface 

of said active material to enh:mce the integrity ot said electrode and to substantially 

inhibit infiurtile shorting during operation th~eof. 

2. The improvement in accordance with claim 1, wherein said binder coating js present in an 

effective amount to substantial reduce flaking and dust generation during winding of said 

electrode wi~out limiting cycle life. . 

3. The improvement in accordance with claim 2, wherein said effective amount comprises 

up to approximately .002 inch in thickness. 

4, The improvement in accordance with claim 1, wherein said binder coating comprises a 
. . 

hydrophobio polymer material having strong binding properties aod hip elasticity. 

S. The improvement in accordance with claim 4, wherein.said binder coatiilg comprises a 

stryren&-ethylenc I butylene-styrene block copolymer. 

6. The improvement in accordance with claim I, wherein said electrode comprises a nickel 

metal hydride negative el~de. . 

7, The improvement in accordance With claim 6, wherein said electrode comprises a 

sintered nickel electrode. 

8. The improvement in accordance with claim 6, wherein said electrode comprises a pasted . 

nickel electrode. 

9. ThO improvement ~ ~rdance with claim I, wherein said electrode compdses a nickel 

metal hydride positive electrode. 

10. A sint~ nickel metal hydride electrode having enhanced electrical and cycle life 

properties comprising a substrate, electrochemically actlvo material sintered to said 

substrate, and an outer layer covering said sintered active material and. including an 
~-

effective amount of an elastic hydrophobic binder to enhance the integrity of said 

electrode and to substantially inlnoit infantile electrical shorting during use thereof. 
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11. Thoelectrode as claimed in claim 10, wherein said etrective amount comprises no sre:ater 

thaii approximately .002 inches thickness. 

12. The electrode as claimed in claim 10, where.in said binders are present man amo:unt of 

effective to reduce flaking upon winding of said electrode and to enhance the slitting 

capability therco£ 

13. Tho olcctrode as clahnecl in claim 10, wherein said binder comprises a hydrophobic 

polymer material having strong bindiog and high elasticity properties. 

14. The electrode as claimctt"in claim 13, wherein said bind« comprises a styrene­

ethylenelbutylcne-styrene block copolymer. 

15. A process for pro~ucing an electrode for use in a nickel metal hydride cell having 

reduced infantile electrical shorting-comprising: 

forming an electrochemically active material; 

applying said active material to a substrate; and 

coating said substrate and electrochemically active material with an eff'ective 

amount w.ith an elastic binder to enhance the integrity of said electrode and 

to substantially inhibit infantile shorting during use thereof. 

16. The process as claimed in claim lS, wherein said substrate and said active material are 

coated by dipping said substrate with. said acdve material thereon into said elastic binder 

and then drying the same. 

17. . The process as claimed in claim IS, 'wherein said substrate and said active materi.al are 

coated ~y spraying said elastic binder onto the outer surfa.c:es of said active material. 

18. ~PR>cess.as claimed in claim IS. wherein said Sl.lbstrate and said active material are 

· coated by painting the surfaces thereof' utilizing brush means for applying said binder to 

the outer surfaces of said aetive material. 

19. The process as claimed in claim is. wherein said elastic; binder comprises a hydrophobic 

polymer material having strong binding properties and a high elasticity with an effective · 

amount thereof comprising approximately .002 inches in thickness or less. 
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20. The process as daimed in claim 19 whemn said elastio binder comprises a styrene­

cthylenelbutylene-styrene block copolymer. 
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