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Reference may be made to U.S. Patent No. 4,651,400 for further descriptions of such materials and for
50 methods of making them. Other suitable materials may also be used for the rechargeable hydrogen storage
negative electrode.

One problem that has been encountered in rechargeable batteries is charge retention, also referred to
as self discharge. Charge retention, or self discharge, describes the condition where an electrochemical cell
loses stored energy over time through internal discharge mechanisms. While this problem is common to

55 cells ulilizing both cadmium negative electrodes and to hydrogen storage negative electrodes, it has
heretofore been a greater problem with hydrogen storage negative electrodes. For example, while a typical
nickel-cadmium cell loses about ten percent of its stored charge over a period of about one wesk at
ambient temperatures, a cell utilizing & prior art metal hydride negative electrode, i.e., a prior art hydrogen
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r edox reacctr‘fs rll'"e sr urtﬁﬁs e overa seﬁ? | sch};ﬁs'ge ar“at eI I n thg ce|l | . © 45

The modi fier Yool fiReison of vanadi um fromthe
host net al oéf%ahﬂﬁ%{'g x'.%& _?e%t@cﬂeg\&g?g&rﬁeg%tgegf all self discharge rate
Wi t hin &ahen&%.!vz yeig a netal hydride negative el ectrode. Wthout assum ng
any degree of self discharge rate reduction, it is believed that this
reduction i STldsuﬁeﬁ@edomatumasenwyeryaimdecsmumgf thh @ctiva treateriéls ptoposedinglidasne grain
shuttl e neghbsnisen mrad intsdvietaii¢ icorgpourth afchapaniuow itidaiurh. Zimeniveny anth gickeh o¥ith liseelved
chemi cal i¢hmimim. [Thé graintphedeaevarsiblyestorésyhydogancknd alse has spitable) qatalyligaprtivity 3¢ promote The
modi f i ess nregid bydsgeaidatianh Eheeofpesitioméf this arel 83sA i abhie PGt iR 4Ag P P‘Pi“lc)fat'ﬁf
the netal ofwmanedivm : finiu : 2rpesivmc inigkel eghimithar ge cycling, .t he materl al ma
more resili eBetwean the aigl phasesral e ROVCSIBHiRRFITUGHE IS A PURAM: fiergran ‘1? which %ﬁl d
reduce t hesolid enhutipn off vanagiuma ehsorpipradfitapivin. BRd nigkel. Theqempesitiqy gt thig |"Vﬂ9' bg'?af? s.
For exanpl e,
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F Y
when the nodifier is chromum and a chromumaddition is about 7 atomc
percent, the chromumpartially Epb2rse24Bs for the hydride forners
vanadium titanium and zirconium Wth |ess inherent hydrogen 55
capacity, it is possible that there is | ess volunetric expansion and

cont r act3Ph 85: é’?rodp P 138 A ftgrpia rtia stvapasivmashiomiums:ttitaniur : digkel. Thjis inteegranular phase is
char ge/ &P'?%Wd? R.2 pyddeqopm sforingyphase,with limiter catali¢ aptvisy forygiropensidation. ef f ect of

| oweri ng, t é‘e"#\ o[ B5Fes raqyrhefiqsent along witythy shove mentierer dwp dominantphages N heive
redox, c%@jﬁi‘; ] Bt P dppendent o3 e fabyigefion eogitions ¢4 figsalloy,d elocrade- AJhaugh ous
di scuSsignydedl 1 W by theongjb isgp vabthatihe dogrep gf these plfermate phases Plasa writieal

al . . . . .
termws, i. , . e scale it. i I ossi.ble for
o o TR AR RRRSRNAE A o bPH Bl S B RER SSTHRTAL oL
The concept of characteristic roughness relates to the surface roughness
beingoaﬁﬁgggggwm¥hgh§ degree of |eaching and di ssolution of soluble surface
oxi des. The nodifier inhibits surface corrosion, reducing surface

roughneaaere &, y, and z Hies RN Préviously sPdRER &% vhrdBib alty debbiedt ARl inb iirﬁﬂid@ilﬁgﬁfo fiaum to
t he hydr ogee invéribr@ith éhkdnilyn ad & ModiiRed S0 HEVATRA-NI G slidgBsts Rbt chidmi blid 64 can

i nhi bi t ptekent anenmimatyngradf prassol theerBer @K RS Souied 1 10 bigRicipBreoittand pleforaby BBRIAENT S,
e. g. ,75s Yrataaicepercehta Cyromiomashalicoiie éseattin e Prtiarg inter@aruRNPHASEHH the orddr dPOAY 851 N

t hi s pasgtomizaeicen) ahdyyeferablynaput27 piemiegmicag. t he formati on of surfaces of high

ni ckel conieyshrnat wishing fotbej bouskby thearyl it ik dplievduicthatatkulsiglieo feveld efpchmiunom Ut t | e
mechani 8t¥Banyrinjergsanulan Rhage raeecrequirgd due to/thé thigh [eencentrations tof edsily harodablecvehadium
appear sMe#resi de in the alteration of the netallurgical properties of the
hydedfen <SsF Slgetroghamigal hyckRgen starags aliey spmpasitionsdaying enhanced cheegelvetortionmtopr i al
alters PHes! materials' netallurgical properties. It is believed that

t he nodifi errhgﬁ th%effect of altering the nmechanical properties of the
mat eri af °f N7 §AE* e8¢ ¢ hat during the excessive stresses of the

char ge/ g I L.di ng/ dehydri di ng) process, |less overall surface area
S f%rgngb!&p%gaggbéwggger, the addition of the nodifier substantially
reduces v kg ZAghingef fect. This appears to be the result of inhibiting
vanadi um corrosion (reducing the effect of the vanadi umredox nechani sm and
i nhi bi ti ngrhe MawpHasy pdiyebiafite! srlictur® br thdtveORdtdralé Hrodbea§ IntRElR)a %ﬁwwﬁgs' ng
the @b owtdn iRérmBRME Sdhigoddof YarRBium PRAnnD RirddniliR.Cdn8 Sickdd, with el CRromima!

i nhi bi t praig phesbuidraibly Is@RBt iyaidgenakndt L& RBOAMALKE cAAIE LM to B%o@&dfc&;&f may
be usedotidatiannYheseoivipeditior ofribisajrairytase i @boid €3: @7:074608 afTBY Qomit rdtib 8 RASdiunEL al

el enent titarfi@n hedrsonfuimy:gickel: cleomiahiei cal properti es resenbl i ng vanadi um

Exanpl es d¥tweencthe glainphasos ofithe palyerystafiinenstaetirenic alyirimany ifdergranuli bRdss whiols isl 2/

oxi disg esdli¢h selytion, jok yendivmn, shremiumntitenium, anch dickeh &hesanbesition rot thisdatetglayulad hash lise .
Speci f i 89M 32 1% BB FpcRni Admig raticagf vinadiun d chioriom atitenitmy dnickgle Thissintergeagwar phase s _
cont ai npeieyed fnctec hydrogracsioragp phaseytwith {ihited Isatalytis activitytiot hydogendixidatigni n an al kal i ne
envi r onneMthenyrgiul girsirecheraigal hydsegem steragacdlioysdnclydone t o corrosion. The nodifier
pr®went he physical aspects of corrosion formation fromresulting in
surfé’%eg”ifé{’ o] ﬁ%f—f' 'to the 25 reduction side of ion redox couple self

di scharg:«éﬁgf%ﬁm%br ms. The nodifier also inhibits the corrosion of host

met al sngﬁ;ﬁﬁ Mﬁ%ﬁfé reacti on product in al kaline nmedium has el ectrochem cal
properties a f'ow ng the formation of a redox couple in an el ectrocheni cal
cel |l 4s Thgse netals are those whose oxi des have nore than one stable

oxi dation state under typically used conditions of pH and potential.

" Oxi dat 4, 0% Zralis@r,i .Ncl udes the formati on of any conplex ions having this 30
property, including organic conpounds. A further aspect of the nodifier is
t he suppr ©as bomore imeflsgd ttieVieoup | GC Ed, MIEC oICCY BVS bl EuBSHIES for B ING. Mg o8 ore

pr onmed emethle ofi tigeegroupridy, &biiLk, Nby Sipéndadf miag sl ststhite BEh@Oishdibrn. el ectrode. This
aspect i ndThaicherge setpioremsthotly and) enhamed olsirgareioiition hegative eRddes invddtdedanéeh@ts el ves
have pribpdiventions cahbe hsed dm many tpes ofcéelisrhaving 4 mekalalidlide Yiydropen atomge Begapveessi Ng
t he cor¢iespdenang battprigs.cReferdngi eaw tehFigmesc b @ahdl 2 warouscelgczbcherivat|cpll iembarinsntse
speci esutilizing {e, gegatieg o thegnveetion @redizet fosttuIp Eiguiedng flatrcoh 40 is itustratedothat

havi fig ! '{gB%Ptﬁ“B%a“RﬂY it elaip npgativppelectredectd ipaccdrdpaceamith the yaverttion. Hitecistei 12i ve

el ect r fEuCeRR surntgaliactor | 4 that,is)ig eleptyica santaptith tecastive materialief elentrodel R2andia tabe t hat
i ron calt: %'ﬁ?%’e;ﬁﬁﬁ? ﬁ%"@f pg @ @ﬁgg‘_‘?‘b‘iﬂ‘@%"e&ie sHenge dickeh it eallilBncledesct r ode
even whEPPeRYeA%Hde 5 cqupiar elpcirade, 15 wbich fpsubstantially, flaf and aligneg t9 be i qparativq eostact
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The nodified materials have the conposition 40 [err] where x and y are as
defined above, and z is generall gpforaraeadpeyt 0.01 to about 0.20, and
preferably fromabout 0.05 to about 0.15. 45 Wthin these
stoichionetric ranges the el ectrochem cal hydrogen storage alloy is

mul ti pha‘!'@ negagya ele ?‘19511261‘} paPprators{0rig gisngped WW?WUWI?&PFLOQQI%?@@PW@W@&I
char ge r entlon and reS| stance to vanadi um corro- sion. One particul arly

preferre BEQ‘?EY% é’ﬁ sg"tcﬁ‘i' in peerativp Gontact willjhe counter %‘?"F"]’deﬂ?

pr ef eg de? ; ezﬁ § g’ A 5dl§°ee1 fNeggjixe & ‘\9'% %%dfél"?"&’l
A v e ?nébm %Acsg ﬁ?w 01| 2818 chogsed i s o it
gra' n phase r (HSRTRN oot/ 93, 34 4 & &a&%y&
et vi tydgeg,.:% 3% iy dfd e ¢£ﬁﬁ‘&o&g%'w ks e
grai n163h§‘§|%ddte?mlﬁ§HDHﬁlt rat: /oig o BofutidnPds

titani Unbrefen?ddrél‘ééﬁ’dlﬂénFlrQ'aﬁé(Sécon sol@drlarbs Weél’é?:tn cahfy cG‘l'n@ét&l tQQa'fﬁs?%tQ IeLcrs‘e

pol ycry s3zoghati elBndslouidiab of e sl plasiiy’ S0TRASwideh SScORIBIH S oldXBRAR cHRNe&Y td GouersOl i d
sol ut i oneléttrodscrBaRd eMEndEdutsIiotpRstié édnfaidbrayl  and ni ckel . The conposition of

t hi s i nt er gigaa 2limstrapsasommsrcidily preférféd Golly-roll cOIP3B that i@ by Gpirally’windindy a flat 8 an
at om @s rabbutaan akis 38 Ralkyrointell b inoldesran eleciticah tantact tab)40; lk @bgativbldledtrodet4es sgpaaat ar
phase i s44bmiisenositivet lecliedocdthyely-of) eall 88 ory bgpipdsddrea cau trfottier saittiiel cantetnad (poti C
acti vi t yshbwn) they dentagtsrialo40 chmbdcted .to Begative electidh dif. Peparsters44nia positiongsl lstweat thel ong
Wi t h t henegilyey elegineda 42cand thetporitive ela¢tiedn46. phases. W have observed that these
phases ar e Toepresegcirention further casismpleias aawmbqsrvﬁmethmsforomrenan@ thp [abaye giageribed
eligot PbdRetivenateriglsgPpitaple methodg;repsedueibly proprse the tmatprigly withleqih Gomppgition @ng, giructure

bel i eved‘hf‘H%lfm“E%é“ea Fé"@s dpund Wé‘s’é’P'&P’ta@rW@s ﬁh‘&% ?}E'I‘% orapopents; ¢f g matesple |

per f or rra‘??E m Fq pr 9?§S'i° 13 Bulkeameasty gt Altpugninat ligjited 0y 1 o
Conposi t ngI m 8?' ?ﬂ,'ﬁ'ae '%@"PWB‘%&@?"?"P?P%‘H%@E”? Shdd ons
for t;ge e e ch il d g{é"" T T ersll o OB ST 814
SpeCI E&LE h Ee pie ne? QFEPQO? ICLIJI'Ilggl'Clal he

i nvent i om um as a | er o t r- am |y sugges

that chr ormwav&hmfuugh Q%yeﬁu%eﬂscew aisdiGiedinl (B! ¥ te.w 431 R2 5 maertaﬂecoaado%r of
f r om aboghnrifed, Inaking Plitdtiz&ioR FuEE Bdsier BMImEYE QL& IYTIQdeﬁdnr?g% Geosd Mélhdes the

per Cegd - siépd oPiRRO s RAeral 1B BAKHorms bnk BéhyBridngeYactve tridieds akHel BordBHaR& ON
t he or depuiveizing the maferid 16 eC appfipfictd kizé Ntte y@HdRb I Ychariyes! the ZohysdaP vy o @leCeNt .
Though nrdterial &b RO hdrd, BeghbIAGEAIANE ) Ry Odsli-likel donsisterRR | THRV &fi-ikd) aatelidn 6s Feagiyer

| evel s ofuiveleaémi um in the primary intergranul ar phase are required due to
t he hi gh c@mchyitidieg stop dnclollescastattivg drer bulkd mbtbrial withn hytrogen yed adder e beppropriate

el ect poCclamparalwe, pregelire; gaditines conditipes tol fbranthechydiidesi the onateridh Marengpediiichliynardagot dfar ge
r et ent i othe patsial mayt bee plagedcin Lad reagtion (vpssalb Thehivesbel de subadauentli sealpd andegvacustefi.er r |
The nul t fenaratyea p@?sy@r ghon) 0-133 £a £10T e iy witable. Thecvesselis then pregswizpdivith hydrogrased

i ncl udes92s bgwaemakion 5 RHBEN kPg (109 192000 ey Feiesally.  reaintaiingor Reftiah Preypaefi um
t iN-ani u n‘?VdE’P?“c%PHYGU ekl r'ﬂ’% I@P PS'M°E i# fav Juinyttas dgy SWQBWJHW“ the &y ah’

rever 4 pPprst ?eTé‘e %5‘?} "@teé' ?Q?"‘&Y%

prom)te e d é’ﬁ' %7 t‘f ° fll F'er{“"ﬁ?'lﬂ@%f‘?r But
e R e e

ckel ctuate suitable embrittlement.

45 The vsssel may be cooled during the hydriding step to prevent any temperature increase. The
temperature inside the vessel rises as the material is exposed to the hydrogen due to the exothermic nafure
of the hydride formation reaction (approximately 10 Kcal./mole for these materials). Without any cooling, the
temperature inside the vessel usually elevates to about 250 * C. A temperature increase delays the formation
of the hydride. The hydriding reaction spontaneously starts upon exposure to hydrogen gas. If a barrier of a

s0 passivation layer forms on the surface of the material which prevents contact with the hydrogen gas, the
layer should be removed. For example, if an oxide layer forms on the material, the hydrogen Iinitially will
only slowly penetrate the oxide layer. Initial heating of the material accelerates the hydriding step. Once a
portion of the material's surface is cleaned of the layer, the hydriding reaction proceeds rapldly without
further assistance.

55 Hydride formation of a material batch can be modelled by the ideal gas law. Sufficient embrittiement for
easy size reduction of some materials doesn not require complete hydride formation. For example, with a
material such as (VTiZrNi)Cr which absorbs about 1.5 weight percent hydrogen, it was found that hydriding
to at least about 1.0 weight percent hydrogen provides sufficient embrittlement. Using the ideal gas law and
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Bet ween t he grain phases of the polycrystalline structure is a primary

i ntergranul ar phase which is a gb02rd 624 Bol ution of vanadium chrom um
titani um and nickel. The conposition of this intergranular phase is about
72:19: 3: 6 as an atomc ratio of vanadium: chromum: titanium: nickel.
This i Wéw%ﬁﬁhﬂﬂggh%@b%hb%ﬁp@vémbﬂtﬁﬁmt o WG‘IODgEﬁﬁe'S‘P@F%QQéO }9?!‘8@%9 awith
i m te@“’&'h‘?aﬁ*‘ ngteriab ¢an \pp fapdify splcyigiot ogen oxj dation. O her usef ul

el ect roF ?d’?ebgé‘ﬂ RGeS I3 e fepiiiding pfcihe, pateriah DGF fing the majpral E‘P?] One
or nor &#Rg T 9?‘?'18 ﬁ‘"’@ﬁ 1y jegbri byd‘l”"'@ﬁf‘?ﬁ’ﬁi}m’bg '3 r'wsgeﬁmf’ e for
.and

ki metgle
ng—(l A ﬂg% % ?5‘%’%" :’"° ﬁé o {?gﬁﬁ “gﬁ'é?? “F’e‘h tedgion ¥esel 1<

9683
|

ng or as lent timé e io lnd e mcor dro en matgrial
enhancgﬁtyura el 5@@ bétbhat ﬁkw ;Eﬂ %,,@ Cs% i h ﬂ”ﬁé
i nvent e&e, 8 bR suhtddd Sth ..@5 g
hydrrgg?é?npsiamﬁﬂéeae@sg%dsvaete Qﬂa%oﬁ h@aSAs F?&Mde e& %:3:' gures
1 and ¢he vEREI i H3IcBMRBrER6H ﬁm écjtled-ilch |t?s'meéi9 Stetnirtabeld! Izmgt e negative
el ect r odeaef thé RirdglY RHbrhéved, afeanawtau i Bdolel 1o .Iosm Tenipdfairelin afinbrt Srivirér@leht ik 1S
i 11 ust ragjokdrhé Rslitammatdial HaS @ aoh-Mde [Asalurdator thb Inydridb add iB kedtitolyigrodol awfospieRE t I 0de
12 in aswewwhdance with the invention. Electrode 12 includes a current

col | sct orPulvdrizbtivatof itie embrittled aaterialahayClgn taearhplishel byt dng canvontiosal iadicer suah aof

el ect r owehafigal atyidors, javadiushé's, aGbérhree ardedstl steaimdérabandiPestiayor ball-mitlicke Belf-mifling t abl y
conduc thevwaterial gives & perticle sizenidiskibition Bhpetiallyclspiull Or thecielwidation af pysisigen wtorage

el ect r olgetrodes. e parigle sireceft they theteriad majibeyafied dopdnding ipdnathe ppdiication. The flakes gned
to be |"?$“'Ulﬂeff°m thg @mbeiiiament praggss are wgually lpge3th@nene pm ) @'ﬁ"%g@ﬁf@ nustde daker ode
12_2 Seingrthe pivengtiqnspreessiol locpxprep iechyiverizad materiab focany cergitionsgwhighdnayeaen i ve

el ect r §@E" 220xvgensta opferct r?é i Wb the avlyerigrdcalloy '4?@9 °B‘é' ‘QE’@EP“l tachsigessatil v e
cont actp"W“Eﬁf'“P ot dtsH Htl° ’é‘{!‘f f'i?d'e’si‘g" Eﬁf’"‘f nt; er eI ectr oﬁe 18

e‘*PPf'E?
o ooy r A q;j;ﬁu% rg % o e %%Ma*e s

el ecgr ($(gm” ve Wi é IOUS
s e A et W}@g
el ectrg ) It':on i Serg ﬁ’rt@ rolnHe ahgl\é{tl enlwdm\lfnt

Mat er i fbwevsrlinbked & leds IMeRSh bE ecoREH IS Rhsibh) Sedthd, @l va§ss€|(?ﬁayqﬁtu§€d' teh .eel n

Contsachndﬂﬁéhbhrlﬁbﬁte%aﬁﬁlrvﬁhdﬁ RangScoRflg HoGnari Icﬂéﬁleéfﬁ‘é?épb M) Corftelidatiohung dit
gas beygiuglis sogécdet ermned limt during operation. A 30 weight percent

agqueous STk prdsom ivbntion hathérl donferiplatssD b Gedritatiorfofd BYdRIGEIE Storegec B1bdtrBdey frdn af-i I' St

and seactivel mialies oflibe eufrghosition o2 Gruéture peslviewstyr diseadsbd/ TN Ghatetialintay Do Bizédtb aset  of

| eads 3agprodrisie mexicle ndigribatidns fod eorephring hibe GiEcirodps. aAithough 3Ba niatekia Whaye be af s8¢ Oond

| eadss 34onybrdant pariicdd $izp, we have dound thet e prefered edmpositionsldestrded nbve dénemmeteatectie si de

of pl adest clecirophesiioabperigmandd; when @eznatelnalm besn sizechtocrpproxinaeln 3 ympimisfoas)oed

j el | y- fess fhapgbiout 206meshat | s nmde b | rally winding a flat cell 15 about an

axi s 38. Thefsbyicatien pf the efectinged pging %g oyp dascibadractivg) matesigh me be easriedput by

négat i Fver| eopyantinnd prosesses The mptgrjal r,;pgy tﬂﬁubeap"tlﬁﬁ%q ‘Pla\Pées%F%%‘taP%'Hét%@ tong{en y-roll

cel |4036’V 61919;5’%98 0 B{ di 'E? wm orial Noy 861,881, f'ﬁ%ﬁﬁ'@h) t hat
y D 0 g A M > B Z

posi 1 (AR PR B R S A e TP Do 4o
. *@gf%&bm.%?@zs shiicrat i e

repr Od pad iﬁro%tﬁﬂ@"ﬁ%t foli? il lafd 1he e?namnb ct&QéT’QQ& istﬁaé%@d |${h6 Wedohd € that
i S hoMagieNRM Rt inth b siifing 10MALE. AnBAdintéHAR BARIobIA, ShePdiBetidtlo SveB is ctalglﬁiaieﬂ ChnY ingval
CoNPON@Nydun®on AQaKdRD G661 2te GRkHCE pRAIdS R lbktadiallySdidr ARd Sxybéh -frbe I"é‘idoh-hibﬂogﬁﬁ ocess
t o f or EnfospheteltorCiighhg Whitld Misdalirages Gktrodé\wblh Bxidhilon ¥ thel dieVatbPSintéridg ZenipeiatuieN 9
Pr 0CsS Aitérhatively, Mariole cdiGénBdnalathethddd ®r ieflatiBiing A [reS3ire ARl cdhterAplaeIMEhb ipfsst
t echni gveiosuch as arc- nelting and preferably induction nelting for their
pr epar at i These A&erials ard sintered imctherrangs ofH08° Gatoe! 20y Crferda pevioth ol $eyeral tmilptes dorars
necessapy. Preferablyl rctempdnaiuragt ahoitl50 1@ isauserbiorabopifive minutas. é\s dheztempeldure efthé onal
si zi ng sintsinarirepgessderierses th dangth far siptedngsinafeasesnit Iscaenamigplly prefarrod e e higher y
s6 sintering temperature for a shorter period of time.
Prior to being rolled into elecirochemical cells, the negative electrodes may also be treated according to
the methods described in our EP-A-0 273 625.
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practi cal. However, thr ough a hydriding process disclosed in U S. Patent

4,551,400, the materials could bepdraeamleid, naki ng pul veri zati on much

easi er and nore econom cal. The hydriding process includes the 30 steps of

hydriding the active material in bulk forns and dehydriding the active

materi al eifehefemplef gfios torbe-as taeqembm Wia celisintje teleetrades ey & alehed jhy %gﬁd’p?rr ate

si ze. Thé“"wr of inch pRIpTIeR ef30%, Retepelym hydroxide i waisr. and) held Gt 2 tempersivraceli 8Ar Cfigram a

har d, Ph B‘E“’ Pd'e “‘%Qﬁp'le dc‘d"r‘i igyolype gvingr e gleciofe pnejqx more

rrat eri aI Ipctrog °' ss‘*f‘ﬁ a@["e loqtiades, fepated aeraidiog e M ¢ he
Ik rfat E’Pfef " g’f W% 35 tenperature,

pr sure, ‘f °éo"|!f’o°s ' d'P‘f ©@Mf the material. Mre

speci fi CEH'% san ingot of the rraterl aI rray be pl aced in a reaction vessel.

The vessel I's subsequently seal ed and evacuated. Generally, a pressure of

about ,p é&ﬁpa%%ve(ée@rdskha}@”) is suitable. The vessel is then pressurized

w t h hydrogemgas—between about 689.5 to 13790 kPa (100 to 2000 psi).

Gener al |y, TWBtythind BlbBctdmiRal delistverd A GheE tedibd ol GoIP Bi8éhardb.OMECoR® Abtb idedticdl KPa

(200 psi pxchyt ior el cBMpdEitioNIG A dctive riafsfial GeaIM thé MetaitiyBide NeyathebldcriRie 2 coiRGIeA 0

t enper at fabated re 3 Sodldd)) d¥lindriaal SC,058 G6IN-réliNncobfigBration RS idériticdn edttrolylcievent érdosl and

i ts geonpdtasyium kipdrexidedh watbFlie dvanter efoctsdde a2 leadthi cbll was Dsintéred mickel hykoxide positive

i nt er st i lbarbdenmédubadt fyor upiforin yabricaj@nconditiohs.r equi re nore tine for suitable

enbrittl endiicellsTWwaee Givant ssvesal teleatrockenficat tyclol & apbiove 2 stgadyfstateychpaijy Thishimvolvesh t he

phase r eghaming thenedligt atrpte oh00WA ifgyja' periasitaf 11T hawrsefoligwied! by] dischange ate300rhA togar cutouur e,

ti me andvaitegepbi Qvelvrer eRlicessary to forma hydride of the naterial and

ef ect?at e B¢ ﬁaﬂvétaé?rmmweﬁ@mmedwe cells werR:chprped @t 2(}?&‘2‘ fﬂ'e‘%'éﬂﬂfse&kﬂmﬁ ng

t he hydrF'Bffﬁ "Qt °°c?5’ ‘ﬁ?P’eﬁ'é’H'fm \tsé?ﬁ%P'a’f’)Lﬂ‘ @ temperagunsof aboph, €0 G hig tifee

i nsi de ta% f?'fé" Q?rqyé’f"“? g's"é‘ir e a "1“%°ft3|q%'“ ile) \fﬂlfcﬂtﬂ%" to
the exot HE K ’al '° IQ’WE P |rc ”P@% lcﬁ'?fc'fya ‘rbﬂ et &P 10
Keal / l 8 fl rflehégg actrv ﬂﬁi %?H |t| rﬁs Bf'r 81‘\ S‘\vehtrorr;g) \%rg‘ tm%&ee IJ' si de
t he vess Hr%b' o Bouat‘ ik ure iherease adr ays
the fornatiron. of F e r de e hydri di ng reactr on spont aneously starts

upon exposure to hydrogen gas. If a barrier of a 50 passivation |ayer forns

on the surface of the material which prev contact with %h hydr ogen
gas, tpe |ayer &BMPL8IBIOBenpyved. For exaﬁgﬂﬂl-+ gLé&L&&—L&jéﬁ forms on
the material, the hydrogen initially wll aflGellsowdissdangears tele oxi de
layer. Initial heating of the material accelerates thedpdrnitdipdcstep. Once
a portion of the material's surface is cleaned of t ; e hydri di ng
reaction proceeds rapidly wi thout further assistance. 55 Hydri de

f or matss on of ya eplal ybatch can be nodel | ed oy the idexds gass aw.

Suf fici ent enﬁﬁ ﬂV meft fér easy size reduction of sonme materials doesn
not require conplete hydri de formation. For exanple, with a nmaterial such
as (VTiZrN) @ Hﬁ ? G ?bsrebout 1.5 wei ght Percent hydikodess it was

f ourd t hat hydPrdr | east about 1.0 wei ght percent hydrogen provi des
suf fi & ent enbrrttlenent Usi ng the ideal gas aw and 1éﬁ@h EP 273 624 Bl
t he anmount oﬂzhydnqéémsﬁbngbed for suff|C|ent enbrittl t he' reacti on
vessel necessary to enbrittle a given batch of material can be readily

cal cul at ed. Another ste .0of .t he novel process 4s the de i of the
materigl . Defledri d|7r4 116 ﬂ&%érral t akes pl ace’after th?nat?r#gl has been
sufficrently enbrlttled by hydri de formation. The hydride is returned to
the 5 netallyc 4for naterial . Specificglly, dehysgg digys i ncl udes
evacuati ng th@3ve§§ Hothé hydride still inside the reaction vessel and
with heating for a suffrcrent time period to induce relefézﬁg; t he

i ncor per at ed dr Nig faet,eri al shoul d be Bept at a ] ure
suffrcrently\ﬁﬁw1q%gnug'd%gha?grng the structure of the nmaterial. A
tenperature below [err] is usually suitable. The dehydriding step is nore
qui ckly conpleted as the 10 tenperature increases. Thus, a tenperature of
about 400 * Cis preferred. As the hydrogen is renoved fromthe vessel it
may béS conpressed and recycled since it is largely uncontam nated. After
the hydrogen is renoved, the material is cooled to roomtenperature in an
inert environnment |ike -
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T
argon.fThe resultant material has the ash-like features of the hydride and
is relatively inert to atnosphegepr 0278824 Bon. 15 Pul veri zation of the
enbrittled material may be acconplished by any conventional device such as
mechani cal attritors, jaw crushers, air-hammer, hardened steel nortar and
pestl e, Bﬁmbﬁll-nllllng Ball-milling the materi al gives a particle size

di stribution esgeC|aII useful for the fabrication of hydrogen storage
eIectrdﬂEEﬂﬂﬂﬁé_bgfﬁiﬁge si ze of the naterlal may be varied dependi ng upon

the appll atl The, f S qm Hﬂe gan ttrege pr%ce s are
DAY e K g e T B
pu er|za 1 on proce e pu TSN S8 material to any

condi tions mhlch nay aIIOM/mater or oxygen to contact or react with the

pul veri zed aIIE EE! g ot her pul veri zagi echni I oduce

di f fgrent dISC¥| Dof particle mz%‘éﬁgﬁé wllﬂ%% garticle
shapes. It is inportant, although not crrrrtaLT t hEtg3yE FOTMPICT i ng step
foll ow the dehydriding step. Several significant

denonstrated if the preferred sequence of steps is followed. First, the
hydrided 26 formof the material is very reactive with certain gases |ike
oxygen wh|@Q5Wd 7arﬂ%NQ% riously offset the*el ectrochem3¥ Ywssoerties of
the material™. I Zi g the material after dehydriding reduces the

| i kel i hood of contanlnatlon This is not critical because the materi al
coul d be pM3edriyzddigNith6érpydride form without contam rZd% dPSE care were
taken to provide an inert environnment. The conplexity of the procedure,
howeffer , nakes it Iess likely to be econom cally feasiblege ﬁ econd, a single
vessel may Yizg TdgedaeMipstree 30  and dehyérlde t he natk?% MOS8 t hout
transporting the material between steps. Thus, contam nation and costly
handl i ng an d resent invention further cont I t he
fabrjcati oryez(??}'\4 (2%(1150-Ii I?t7orage el ectrode4from an actlﬁiemn‘;&tsgsrsl al of the
conposi tion or structure previously discussed. The active material may be

sized to am alm'é(?ﬁl’g'eats%Waﬂti's@hﬁrﬁbsfbkbslétr@ﬁafOiiuli)dﬁélﬁrl ng the el ectrodes.
Al t hough the ma 35 cg ?ﬁt artl | e size, we have

f ound t hat th&eéﬁéf8FF88¥EHH§59WtPgh§ Bate mstrate the best
el ecgr ochem cal performance when the material has been sized to
approximately 75 [err] (mcrons) or |ess than about 200 nesh. The

fabri ceaxaragle &f t he el ectrodes using the above described active material may
be carried out by several conventional processes. The material my then be
pr essedcomparative Agisg Efest of about 7 to 10 tons/cn? 40 by the nethod descri bed
in c®¥monly assigned, copending U S. Application Serial No. 861,889, filed
May 12, 183@ ip thetdagradetioneal chargente oa@msqﬂrwhwwewe afpgy | tgsting. !BamheLE‘afds

Kennet Hheyesttrdischacge of qdfroshiy, fapricpies sall AdEt efrriceflbieh Hesundergene\ighi rafg

EI ect rd?F@"Q\ﬂé.‘Pé’PF’éFasF“f"?ﬂ'HW% t?ﬁ*l%s Actl ve Mat er| al s, | ncor &gr ated herein

%‘ for

ef e ce" | pu tO r mftl | s s wer,
suﬁf‘f’?} S gggo" T iﬁﬁ% %@%ﬁzﬂ L

Serl eS l EJ 9]6 mg rO e e Car er we
i Jp by gk leﬁng ichate 8l 6 sdfdsbnarte B

renm,snldﬂg,@heggltegng q,e,\ggpownsmmgs hrough the second roller mll and
into a sintering furnace. After S|nter|ng and cooling, the electrode web is

cal endared, and then is wound on a take-up reel. The furnace provides a
substantially wat er and oxygen-free argon-hydrogen atnosphere for sintering
whi ch di scourages el ectrode web oxidation at the elevated sintering
tenpsrature. so Alternatively,.various conventional nethods for
effectuating the pressure are contenplated by the present invention. These
materials are sintered in the range of [err] to [err] for a period of
several mnutes to an hour. Preferably, a tenperature of about 950 * Cis
used for about five mnutes. As the tenperature of the sintering process
decr¥®ases the length for sintering increases, it is economcally preferred
to have a higher 55 sintering tenperature for a shorter period of tine.
Prior to being rolled into electrochemcal cells, the negative el ectrodes
may al so be treated according to the nethods described in our EP-A-0 273
625. 12

£
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EP 0 273 624 Bl For exanple, prior to being assenbled into cells, .the
el ectrodes may be etched by pl aciBrg 2#862alBict rode in a sol ution of 30%
pot assi um hydroxide in water, and held at a tenperature of [err] for a
period of 1 hour. The el ectrode may then be prefornmed, which involves
giving the el ectrode one or nore el ectrochem cal cycles prior to cell
assenbly. Wiile not mandat @y, electrodes treated according to this 5
process show fast activati @, REgh B sch@rgedy at@capgbility, and | ow
pressyre. The followi ng ex&ples are illustrati vevof the nethod of the
i Rvention. Exanple 1. 10 Conparative Self D scharge Twenty-nine
el ectrochem cal cells were nmade and tested for self discharge. Al cells
were identical except for the conmposition of the active material used in
the metal hydride negative electrode. Al cells were fabricated in a
sealeda cylindrical [ferr] Sze gelly-rolg cogfigupatien, with identical
electrolyte levels ofg30% Ep pRasspeum tgdrogi de @n water. The counter
el ectrode for each cetl wagja g|ntefed njckel hy(uoxi e positive el ectrode
produced from uniforngfabregati®n cgndi @ onsy All2cel s were given several
el ectrochemi cal cycleg to gthieve a steady state capacity. This involved
chargihg the cells atSa ragg of 200mA for a period of 15 hours, followed by
di scharge at 300mA toea cukbut voltage of 1.0 volt per cell. 20 . Once
steady state capacityawas attained, the cells were charged at 200mA for 15
hours, taken off charge, and placed on open circuit for 7 days (168 hours)
at a tenperature of about [err]. After this tine period, the cells were
teste® for self di sch"érge by being discharged at a rate of 300mA to a 1.0
volt cutout. Self-dise€harge was cal cul ated in percent |oss by comparing the
measured capacity aft®r 7 @pys @wn ofen circuist tdatheworiginal steady state

capacity without an open cEfcui? stdnd. 25 2 Sderaf cells of a few types
of acid ve material conposi&l onse accar di t Opel NVQ&L i ORs were made and
conpared to cells made wit&put S nveltio 303 @ 2 Conposition

Nunber Average Self- of Cells Di scharge after 7 days at [err]
[err] . 38% loss [err]

5 27% 1 0ss «0 [err] - 5

25% 4do0ss [err] ° 7 . 29% loss [err]
5 33% | 0ss $0um [err] 3
32% loss 55 13 EP 0 273} 624 B1 Bxanffl e 2= Coffparalive Self Discharge 5
To establish consistency® 8fditional cells of three material types were
prepared as described in Exanple 1 and neasured for self discharge as
conpa¥®ed to standard cells. Conposition Nunber
Average Self- 10 [err] 15
[err] * 30% loss [err]

20% |l oss [err]

8
199 J,0ss

VasTiipZriMise

V33Ti3lryNigglry
V27Ti]7Zr]6Ni35Cr5
V257117Zr16Ni400r2
v23T117Zr]6N14oCr4
V22Ti]6Zr]6N1396r7

Composition

50

55
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[efr] 7 4 17% 1oss 25 *
Aver age self discharge for severgpgbyfgssgicells prepared fromthis
mat eri al conposition. 30 Exanple 3. Conparative Aging Effect 35 Aging is
t he degradation of charge retention for a given cell which occurs after
t esti ng.Examplo4.her words, the self discharge of a freshly fabricated cell is
better than that of a cell which has undergone high rate testing and which
has undetogparative pgihgeEffect e t esting. The cells specified in Exanple 1, with
established initial self discharge rates, underwent routine 40 capacity
versus r at Ehecoplsl desgribeshin Bxanirlp 2 unglonyar; diah rale togting 2 sel“é'fsé'?arg?ﬁge?c‘%qr?,g‘e%!é’?% t hen
chaxged baforeand afer fesling pod ¢ ppred ?°é’ﬁ'!§_|25'ﬁ"a’6%&""b'ﬁa‘?ﬂ§ ﬂ"‘g{g@"p’ mgﬁ&;g Z’.’ o 168
hours) at Hoh Ejesting jpyqivep dis '@‘igl’“f the T?\fiel@ f%es\ﬁfrﬂ?? éﬁl & btg Ie‘%drate
of 300mAhat Many of fhe,prpcagss igh, caype dging, ptercaxiepded; elegiroeparmica) BYelg PR O 2320 By
conpari nigh 19 SEne capacity after 7 days to the original baseline
capaciy. Aging was deternined by conparing the original self discharge
rate to the self discharge rate nmeasuredg 45 fier.high rate i ng.
Results were shown in the Table. 50 55 240” gﬁig'%{;%&@ﬁg 1(idisééP 0 273
624 Bl Exanpl e 4. Conparative Agi ngumbéect 5 The xgglbks described in
Exanp 2 underwent high rate testing.a sgl | s¢h r at e
measu?sgd bef or £OMPRSIAION t est i ng M&Mﬁ&r ep@-&eﬁtl:ﬁvith
materials not prepared gccording to invention. High rate testing involves
di scharging J he. [ er "@' at ratesgon the or of 428 A (A It is
ﬁéﬁﬁzgm T 8 dog (Argss)

bel i eved t hat3 3rdcesses which cause aging after extended
el ect pochemi cal cycling can be accelerated by high rate testing. 10 7 Day

\f

Sel f- D schange f+#€r.rgy.N r 9 196t er 1B9% 0%

Conposi tion 9271[16" 7jr15m1%%rc S%f Cells Oi gi nal Test Change
[err] 8 20% 22% 2%%0 [err]

9 V,, THR%Lr NI % 4 0%25 17% [E7%] 0 4
17% 2 17%% %% anple 5. 30 The cells described in Exanples 2

and 4 also underwent |life cycle testing. Standard cells w thout the

I nventi on showed degraded charge retention after cycling, referred to as
agi ng. TExE cle%I s of Exanple 2 were given 50 el ectrochem cal

charg% dretha ge cycles by charging at a rate of

The cells described in Ekamples 2 and 4 also underwent life cycle testing. Standard cells without the
invention showed degraded charge retention after cycling, referred to as aging.
The cells of Example 2 were given 50 electrochemical charge/discharge cycles by charging at a rate of
1 Amp to a thermal cutout overcharge, followed by discharge at 2 Amps to a cutout voltage of 1.0 volt. After
a5 50 cycles, the cells were charged at 200 mA for 15 hours and discharged at 300 mA to a 1.0 volt cutout to
reestablish baseline capacity. The cells were then charged at 200 mA for 15 hours and placed on an open
circuit for 7 days (168 hours) at 20° C. The cells were then discharged at 300 mA to 1.0 volt. Self discharge
was measured as the retained capacity after 7 days compared to the reestablished baseline capacity.
N Aging was determined by comparing the original self discharge rate to the self discharge rate measured
40 after the testing of Example 4 and 50 electrochemical cycles. .

Number 7 Day-Self Discharge

, Composition of Cells Original After Test
V33Ti13Zr]4N1’33Cr7 6 20% 21%

50 V27T117Zr‘]6Ni35Cr‘5 5 18% 17%
v22T1162r]6N1’390r7 2 16% 20%

55

Standard cells made without the invention could be expected to degrade from 30% loss originally to
over 60% loss under the conditions specified in this Example.
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1 Arrp to a thermal cutout overcharge, followed by discharge at 2 Anps to a
cutout voltage of 1.0 volt. After gpp273@®28Bi1l es, the cells were charged at
200 mA for 15 hours and discharged at 300 mAto a 1.0 volt cutout to
reestablish baseline capacity. The cells were then charged at 200 mA for 15
hours andBpmale€d on an open circuit for 7 days (168 hours) at [err]. The
cells were then discharged at 300 mA to 1.0 volt. Self discharge was
measur ed Agina Py 19 E¥dihed capacity after 7 days corrpared to the

reestabli shed basel | ne ca ac it was. det ernm ne ng the
or ggl{ nal s j”° GF seli’;?’ %a:‘f’?\ gg’f’? mafed ﬁﬂ?‘ﬁ’é‘t'?nﬁtwg% n%?%h’ gﬁta'éﬂa'ider
tshl ) eat | ér Il o Bl Gt Sehem cal o GuGl ertabns Zd Day
A]? ngtkle 6lind capaci %y ?I'g was done by charging the C; size sealed cyllr% cal
E er ef% Sﬁﬁ] %Ilo ed by discharge at 300mA to a cutout voltage of 1Qlolt Onc;i % capacuty was

21% 50 10 © WJhE self discharge tests were done. This involved cha the cell at a %OOmA for 9 hours.l7 %
[err] and placing the cells on open circuit at a tem%ra ure of about é for a perlod of 7 da a rd
cel |'s MA@ dh 4 a\aeﬁomreo § 9 0vaHt BRouP #ioeeH Bchbi@e YETMBMEred apaa.ﬁﬁa.%gl 0SS
original |l met&a.rfaueé Iy bieH Qircult ibah&aiaﬁlmtbwm capesy. fied in this Exanple.
16 EP O @ rﬁ‘of6self Rgicriggelle th Rydiig; | wad Gndasured byl precirngeabost stade

of invest blu&o@ﬁgaml Mﬁrgehsafarged@claatoarmalstaaam)&sust iafid Dy Vyidicig CTRTRIBGtRCheinizall

st andar d ematgemisthargd eghiea @a the@Blisdiads @it negatise bledtrgdss dtiievehiibn cyrapasitian. Sefitdischanget i al
sel f di schasragein massareti after aydingcant ite resalts wepsssUollesls: af t er a f ew wor kup cycles to
establish a steady state baseline capacity. This was done by charging the
[err] size sealed cylindrical cells at a rate of 300mA for 9 hours,

f ol{_ow@® by di scharge at 300mA to a cutout volsagﬁ mi‘sc]ha\nyd Once a

basel i ne capacity was 10 established, self dis CS) were done. This

I nvol ved charging the cell at a rate of 300mA or ours and pl acing the
cells on open circuit at a tenpNumbere of aboulutditeen]offor a periAfdest 7

days (168 ours? i EEE cells wer t |scharg 300N {91 1oy 14Qlgt
cut out r& rge was 5 8?19 npgﬁ'%s d%ty

after 7 day open circuit to the origi naI basel I ne capamty Agi ng effect,

or degradaty onjof, z5€l fN1(1I schargegdue to cycling, 60vas neasu3&%l by Afi%ci ng
about 60 15 &9 edtr odlenitéal char ge/ di scharge cycles on the standard cells,
and by gpl acing 72 el ectrochem cal charge/discharge cycles on the cells made
wi th negatiw. Tall?ztrr]q‘dle Gfr i nvedtion conpositioh? Self dlls%argez%s again
nmeasured aft cling dthe results were as follows: 20

Sel f Discha e (7 days [err] Nunber Nunber f
After 26 nodiMighti35Crs of Cell8 Al q/zcll’%s

Initialss Q/c ng [err] 8

38% 76% 30 [err] [err] 1

72 19% 20% [err] 1 72

21% Egafled> Exanple 7. 40 Vanadi um Corrosion The degree that vanadi um

corgsi on can be inhibited by the nodification of standard materials with
chrom ufh YXERediHBLeIesioN. Two el ectrode sanples were tested. The first

el ectrode halgne %egree tef\1at vanadlu(r)nnpo?r%éien can be inhibited by the modification of standard materials with
chromium was measured. Two electrode samples were tested. The first electrode had a material composi-
tion of Vs Ti17Zr1sNis2 and the second had a composition of VaaTi1aZr14NisaCry.

45 An electrode of each type was measured for vanadium corrosion. Segments of each, containing about
1.5 grams of active material were placed in a container with 100ml of electrolyte of composition 30%
potassium hydroxide in water, measured in weight percent. The electrolyte was at a temperature of about
25°C.

Corrosion rate was measured by extracting 10ml samples of the electrolyte after discrete periods of

so time for analysis. The 10ml samples were analyzed for vanadium using an atomic absorption spec-

trophotometer, model 2380 manufactured by Perkin-Elmer. The values presented in the table for the two

electrodes were compared to calibration standards of known vanadium concentration using a vanadium
lamp and a nitrous oxide/acetylene flame.

56
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tion of [err] and the second had a conposition of [err]. 45 An

el ectrode of each type was neasugmed 2f9s24/Bnadi um corrosi on. Segnents of
each, containing about 1.5 grans of active material were placed in a
container with 100m of electrolyte of conposition 30% potassi um hydr oxi de
in water, neasured in weight percent. The electrolyte was at a tenperature
of about [err r npsi rai e S asured by eytra¢ti sanpl es of
the el ectrol yiiemeg‘)t e\‘r)3 is"&%‘é‘%&cﬁs of 50 ti ngzﬁgfléﬂg] %@fﬂﬁz The 10ni
sanpl es were anal yzed for vanadi um using an atom c absorption spec-
trophdtoneter, nodel 238Gy@pdraGiiungdnby Perkin- Bapes. pdhemihl Lo

pre\S'ént ed in the table forr#{}&{%vm el ectrodes were coggﬁéﬁﬁl@o cal i bration

st andards of known vanadi u WM™ ration usi ng a van np and a
nitrous oxi de/acetylene flanme. 55 17 EP 0 273 624 Bl Tine [err] 5

Parts,, per . Parts per mlligppyanadi um
Vanad’ioum 10 K I16'?'054 Hour s Sppm S5ppm bp

7ppm 1 day 1 day 1Y YRR 21ppm 21ppm 3
days 3 days 12ppm  12ppm 61ppm61lppm 15

7 days 170ppm Exanpl e 8

ppm
Fai | use Anal ygi d8¥S vanadi um doq'prpd%i on Three cells vveré78P8'(':'t rochem cal |y
tested for self discharge. Two of these cells were prepared with negative
el ectrodes having active materials not using the invention while the third
cell had a negative 25 electrode nmade with active material of the preferred
i nvent i \RsaneRiposi ti on. These cells were all fabricated under the sane
condi®i ons except for the negative material conposition; nanely seal ed,
cyl i ndr iFeilye Analy#is- Yagadium:Gorjogioyf [ err] size. They al |l underwent about 30
el ectrochepm cal cycl ;{sé, whi ¢ch i ncl uded sone cycl es of hi %h rate di scharge.
he sel', eI ebncyion el dhent gt oo ol me pesongad
[C(e)ﬂ’)i) 255|3 ge ode made with active mate(i? glltpﬁlp[?Priegl{ﬁv%rgwe co\gr;\gp:sf;tion. ng%e( depe=

5504 40 hege cells were all fabricated Und rej;er diame conditions except for the negative material composition;
namel aled, cylindrical jelly-roll .cel size. They all underwent ab. i g i
6 508 C v y jeﬂy y all u about 30 electrochemlg 07 g%s %
a

which included some cycles
extrapokabwd Trom e gay 0SS se scharg CR® of

t hesggcel I s then underwent detailed anal ysis for vanadi um corrosion. The
cells were carefully dismantl ed under a protective atnosphere. Sanpl es of

the negatigg el ect rodet,o%iigi%ﬁ el ectrode, and thegoPs SgPesid e Wer e used
to nmeasure—tire | evel ' Bb sent in the el e'C‘l"r'oT'y‘r'e—‘l%'

el ectrol yte from each{def@¥$ 3ka20-dnpved by Soxhlet extraction. The
fracta®on of electrolyte in the sanple was precisely determned in relation

to the entjre el ect rogle. ‘I%hu - t@s el ectrol yte sanple used %@L* vanadi um
anal ysi s s taken fr ms&'l 1751"d6cs42i thin the cell and was si dered
representative. The electrolyte sanples were anal yzed for dissol ved

vanadi um igh sol ution ysi RG azeat @i ¢ absorption 55 spectrogépi oneter. The
origiflal electrolyte sa?r?pl ad ‘wdbe &24ref ul | y diluted after the Soxhl et
extraction

c V22T1162r16N139Cr7 14%

|§h] rate dischargra. Thgiself %ischar e raFe af?reeachr %eél lvjlvﬁ g1

* extrapolated from 3 day loss self discharge rate results.

Each of these cells then underwent detailed analysis for vanadium corrosion. The cells were carefully

dismantled under a protective atmosphere. Samples of the negative electrode, positive electrode, and the
50 separator were used to measure the level of vanadium present in the slectrolyte.

The electrolyte from each segment was removed by Soxhlet extraction. The fraction of electrolyte in the
sample was precisely determined In relation to the entire electrode. Thus, the electrolyte sample used for
vanadium analysis was taken from all places within the cell and was considered representative.

The electrolyte samples were analyzed for dissolved vanadium in solution using an atomic absorption

66 spectrophotometer. The original electrolyte samples were carefully diluted afier the Soxhlet extraction
process. Approximately 5ml of the diluted sample was analyzed using a Perkin Elmer Model 2380
spectrophotometer. The values obtained were compared to calibration standards of known vanadium
concentration using a vanadium lamp and a nitrous oxide/acetylene flame.
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process. Approximately 5m of the diluted sanple was anal yzed using a
Perkin El mer Mddel 2380 spectroph&P@2#3®24 Bihe val ues obtained were
conpared to calibration standards of known vanadi um concentration using a
vanadi um | anp and a nitrous oxide/acetylene flanme. 18 EP 0 273 624 Bl
After anal y4ft¥ anglysis. the values far yanadiyip sefrcentation iweterreleulated ey threactualeslis; ooregensatingor
the act ualor &mle; size; gog, dilvtion faptgrss Hie eollriblizingss segativedelentrpdet Withhmeptarial et invenivee
cel | uti| fPAYtioq %@gat%"%a"a"édﬂu%’e'ewsm vaBRdiup; gorrosign Yepsy® ells\ade ayithes ithe on

showed 5su'ﬁ CPEPPEY°educed | evel s of vanadi um corrosion versus cells made
W t hout” the inventive conpositions. Vanadi um Concentration 10
Sel Di schar ge (Parts per Cell Conposi ti onyanadium
(7 days at [err] MIlion) 15 A [err] E———t_-t'
55% 6233 B [err] oncentratlon ggoy
2369 2@, C [err] Self Dlii4%harge (Parts per

g pl | op Jier e

73 25 Exanpl e,9. cially avai l@pl | Gkel,noadm u

tested for |ME§ vanadi um orﬁﬁfﬁcﬁm. T\/\D"Fev'rﬁ"xusei Ze,

seal ed, cylindrical nickel-cadm umcells manufactured by Sanyo were renoved
fromthe nmetqal cqnt giknegy. byt were retaineggg n the tightly woungi23®l ly-roll
configemation. ThéScel Vs Were?30 pl aced in a container which held about
50m of 30% pot assi um hydroxide in water electrolyte, neasured in weight
percent. The cel |V25\IH'L’|2ZG Nﬁ%?cherri cally 65%led in this config236%ion by
charging at a raté&%of "300nA f 10 hours followed by discharge at 300 mA to
a cutout voltage of 1.0 _volt. After a few c¥cles to establish a cg#l
baseli # cagaci tw,zzfrﬁqsééhbﬂig@ﬁ;& rre.asured'l or self di scharge by argi ng
at 300mA for 10 hours, and 35 placing the cell on open circuit for a
peri od of 24 hours at a tenperature of about [err]. The cells were

di scharged at 300mA to a 1.0 volt cutout, and self discharge was neasured
as thezsdilgaﬁfllggce in retained capacity after 24 hour open circuit period
and the origlinal baseline capacity. At this point, the electrolyte was

changed to gl bhmhérbifly Yavilably hidto-ARRM 513 GEE QR0 BE HRLRES of gﬁﬁ;ﬁn GEbdy and
nmeasur e t§@nfdd Twb QRiz8 Sdehied i cHiBRtaOSckeddmium ¢ ﬁ}emﬁ'}uﬁgtﬁrﬁg)iy tsgn;% re’fefridved

nodi fied #dni the 3RbIE dontadR Ciut! Whrd GBGHed B the tighlly Fosna NEHyAdCeoffiiliafidnfhe call wers

el ect r gepidtbd el Rhtinér WhkAAOS bbduPsbr 6F Jobe fHBEsIlHE RFirdYAb fh viter BledtidlyRhbARlredin

- 0. 3V verwsight perdegt! HQO' OH reference el ectrode for 24 hours to intentionally
pronot e vandhi ¢ails @eme reesirazhomitdiye vyoldd Sn ehisDedhigiiatidnSbyléherging @i & #dte6f 300MA @n@di um
concent r atoursoliowedichy disaliEsge at G000NA toomeutant voltige i 1.d OEHO AR BnfewTdyElesio @MedlisicacsNi um
cel | s werhkasqlingrpapaeityf the gelisvwerg mpasuld@ifbr sbié dischalgy thg charging bta3DadA ifor 10H@ureaamadi um
45 congsai picing theckall oh epenr eicyit fer. a fivied 0B24 wuiseat e tevipeiureos lebont £51G. The yatis everei n
the sane fighwiead ah 300mAclpiaol @ volt@ytout. andrretfdisehatgk iwae measued ias $hedifforeneshin eetainbd t he
cel | s wer@raptnaiar #foprapen ifcpit pariad-and thocoripingl baseling geRsciyanner as previ ous, and

t he resul t sALE Ppipte e plastipivie; was,ehepgrd to delibesajely grovide panadiuny gagrogiom prpductsiip thea

Fi had cell and measure the effect on self discharge.
The electrolyte had been modified with added vanadium separately. In a separate container, an
electrode of material composition VzsTiizZrisNis2 had been held at a potential of -0.3V versus a
Hg/HgO/OH™ reference electrode for 24 hours to intentionally promote vanadium corrosion. Previous
experiments had indicated the vanadium concentration under these conditions at about 4000 ppm.
The nickel-cadmium cells were removed from the pure KOH electrolyte and placed in the vanadium
45 containing KOH electrolyte. The cells were electrochemically cycled in the same manner as previous. Once
a new baseline capacity was achieved, the cells were measured for self discharge in the same manner as
previous, and the results are presented as follows:
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Ni ckel - 24 Hour 24  Hour

5 Cadni um Initial EP 0 275821 B1 Fi nal Sel f -
Cel | Capacity Di schar ge Capacity Di schar ge
10 A 1. 42Ahr 2. 8% 1. 94Ahr

20.1% B 1. 56Ahr 10. 9% 1. 71Ahr

18.1% 15 Initial - pure KOH electraql.yte Final - vanadi nt ai ni ng KOH
el ectrolyte 20 Exanple 10. 25 Ni t r;ne‘?']ﬁo]ur positive el ecF%ggs wer e

anal yzed toNtlekelsine the | evel s of2& diudual nitrates renmdAnHayrirom
fapritati ONga dSumOSi ti ¥ Pl pCtrode s e pregangq | nhousgeyglng the

cheri cal conversi on process, which is. in w despread . use throughout the
battery indé@lly. The wn dﬂﬂﬁﬁggﬂaﬁ.biﬁﬂé&ﬂigositb&éggiégﬁrodes 30
used t hroughout industry and those prepared i nhouse concerned the | oading
of ni,ckel hydroxide. e conventy | ni ckelg; m um ggl have
posif?ves Igaded to aX£U§§€E% gr ams %ﬁggm ckelﬂﬁfggﬁgide pgg'hﬁpic
centineter of void volune within the support nmatrix; positive el ectrodes
prepared ingouse for upesgAnt andemyg tgy net al jhydange negagi vg el ectrodes
have a hi gher |oading at about 2.1 grans of nickel hydroxide per cubic
centigreter void volume within the support matrix. 35 These el ectrodes
were anal yzeéditoalrespuavel KOH tebeetrdiytid rst utilizing the conventiona
Soxhl et extraction process. In effect, Soxhlet extraction is felt to be a
more effective formof rinsing than_easi“y attalnﬂble I n practice. Thus,
the el ect rofidBaher evanadbum b5oR bRt by KAH Shecki ¢t ocess for a period
of \2#%hours, and the extraction solvent was anal yzed for nitrate ion
concentration. The solvent used in Soxhlet extraction was distilled water.
After extraction, the solvent was diluted to 40 85m, with 15m of 2.0 M
anmoni uff®RI%t e sol uti on was added as a buffer. Nitrate concentrations
were e §uEed on a Fisher Accunent pH nmeter (nodel 825MP), using a nitrate

i on $hect el ectrode manufactured by Com ng (nodel 476134). A double

junction (g/ Qg (g)galézfﬁé‘e A arfaly sl fo ORI 1| iSR1s U SiudT R Hnhinfild ot
Com ng fdn. b -electide ég d'ifhobi€eSusinG the 'thdriicHh EontdPiisnSitided rfth ier €
conpar eg ifeshraad db Mrdughbubing BatRFyiRduSty. TRONHTY Ibid &fidferic® B&tHSbn paditve 'S ctrades
The wal YRS HREBRRN Gty Bnd Msse lpriphred fnRdusé Ldnbatied thePBdfg lof AtiePHYdiRkiEs: Whorehd1€
ext r apolghvéitlonai didkailcBdrrion CBIRtHaw) dosifivel Radedl th @bdul 1. Blains ¢ hidkbiZtiyBidxidd bed cibisi ti ve
el ect r ogg@timdibraot Vad WbumdSHtin R subhakt ntrik; paditiveleRcifdasd sherated irihbusa td? usei Gandem
pr esent afth indtalt Hy@rideawydtives @ledrods3tHarde highdr lloatihg btrabbwd [2y1 grangs d tnekél IRfdPoxida er
pot assi wubicugstimaior chid wlueatwithih jhe euppee thatrisa t hese types of cells. 50 55 20
EP 0293 6J#hes8blobirddesvare Galyessforrradidugimitigioe by firstddilizing the conventional Soxhlet extraction
i n a [ epro¢esEdh pffedt, Soxhlet extraction is felt o be a more effective form of rinsing than eaﬁl@Attairpplmirﬂ_o
632 pphnmactce. Thus, the electrodes were rinsed by the Soxhlet extraction process @ 4(peiqsiaf 24 hgyrs, and
564 ppihe Agragtion selvantwrs @nalyzed foxnitpiean edneeptraliokept ed in t he ni ckel - cadnmi um
i nHustrv tThesolyent ysag in Poxtilel extrackion was digtjlied water. After extraction, the solvent was diluted to
40 XSmI, with 15ml of 2.0 M ammonium sulfate solution was added as a buffer.
Nitrate concentrations were measured on a Fisher Accument pH meter (mode! 825MP), using a nitrate
lon specific electrode manufactured by Coming (model 476134). A double junction (Ag/AgCl) reference
electrode was also used, manufactured by Corning (model 476067). The measured values for nitrate
concentration were compared to calibration standards of known nitrate concentrations.
45 The values presented in the table for nitrate concentration present the extrapolated nitrate concentration
for a C, cell utilizing this positive slectrode. The value assumes that all of the residual nitrate ions presented
in the positive electrode will ultimately migrate into the potassium hydroxide electrolyte used in these types
of cells.
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ppm can adversely affect the charge retention of nickel-cadmumcells. 20
Exanple 1 1. Surface Area 25 ‘BEpop 23ve4gon i s shown to affect the
surface area of the negative el ectrode conpared to el ectrodes of standard
materi al conposition. The cells which had been el ectrochemcally cycled and
tested for self discharge were anal yzed. One cell had a negative materi al

conposition of [err] and was neasured to havq{ﬂﬂ'@ Goldendtiratliange rate of
about 65% capagiity, loss in 7 days of open cirguoft ther cert had a
negat i ve mat ergslﬁiéﬂ-iﬁorrposi tion according t-idl-tﬂq& *er]. fion of [err] and
%/ dsured to have a | ow sel f discharge rate of about 14% capacity | oss
days of opgen circuit. Both cells were di £d and anal yzed for
negatl ve el ectrode surface area. This involve rrantl ing the cell in an
Argon at nosphere. The negative el ectrodes then underwent Soxhl et extraction
to renpye the pgotassi um hydroxide el ectrol yte532‘|'r¢pnel ectrodes were then
dried at about [err] for a period of about 24 35 'hours under an Argon
environnment. About 1 to 2 grans from each dried el ectrode was used for
surface area mBasurenent. Surface area was dei4Qd mpwed by the well known gas
absorption surface area neasurenent (BET) technique. The el ectrode segnents
were phaced in a bul k sanple cell and outgassed under a nitrogen purge at a
temperature of 0250 to [err]. The sanple cell %4 RA®N i mersed in l'iquid
nitrogen under an 40 atnosphere of 0.3 nole fraction nitrogen in bal ance
Hel i um The Asigoeferencef it is genergllyracedptedrid the nickol-padailed indudty khat fitrdtd) Bveldialec220
surface apreBcanadverssly aifestthe chdroe setentjoreof MokbetadumSelijuant asor b surface area
analyzé&r , manuf actured by Quant achrome. BET surface areas presented in the
tabl e areE’@%B'Pébsed as area in square neters per gramof active materi al
and are alter nately expressed as roughness factor. The roughness factor is

di nensi o d | s 45 the tot aI sarrpl e surface area di vi ded by the
out si de or geo urf ce. . e)y dghness
Sur f ac e 5 8 i $ r' affect the surface area of the BP@Y?eﬁ'wde oompare to electrodpragft or
ial composition.
']A_‘Lez 5[Ser Ti efl which had been electr 4@/mcaq;§-’r cycled and tested for self dlschar ere analyzed O
. ce[l neg tive $aterral co re?

and h s

21 EP &kek e éa a Ioss cﬁr 'ﬁ:: qthe:F a ne aterlal

DT €SNk QRipbsthf sSRCH HOh bt OLT j&% gy

correl at aﬁkch@geahtseiatbe&hﬁwce@dc dsfin Hésze paﬁcne&t{ of mance. hr ee

anal yzed f oBoth egaaiwbréQlistiaftiell & al§260 frék (WBgaB i Wiblclrdde Rurfabd Sre& Ghik mb@@dﬁs&%ﬂ&' Ve

el ect r odeaheéell GDAAGIN! dirfidphes. The negkitive BloWiR8es RaaSUAbGWont SodiBVéiratiorP

| ow sel f pbtasshliva hygieoxicie lelctivlytea IThd slectBdés GRRAHe driot QB Sbolt60% CAHYS peridd)8F 4bBitI24 V@S

anal yz&d Hoors usder B @egon enjrasichi. Abdut [Pt @ Igra3 fioMeeati BRATaRBrcke WS gscadar dulstei N

sel f di scrmmgpesurgnant. cycl i ng. The second anal yzed cell al so had a negative

el ect rode oSurigesrpres ives detefmined by theniwblt knowa gasrelsssiptiendsuriacenasee measaieént (BET)

d| schar gdeghpiaue. dhe glpeliode Samouts wati placed s bilk sanpiagell, and fobitgassatnahels g nitagehi gh
and RUEe|aba terparaugosqf2h to 3PpALC.tThp sempietsll was ther immesmeed iin/kguid Inogenadderah t he

i nventWé‘W'@F‘i af 080 esfraetoarr"troeﬁrr jin bajange \Refurpre Ehoyaraiint of hitiegen cabsaatheld is

di schar gé"?pa?'%"a e tﬁ ﬂ'%afeo%"ga pdl iy mpagueed usingi3 Medel @5-P uantaserh jsurfacy gwa had
al so shov} sun%e hrss e o |n seIf d| schar IrgsqluSrre %%r?a%%‘ugpa%‘tné{on of

hi gh rat n J Grecalt rnat %ag‘ |

were oft 5°é'Ph sﬁf ‘Hh R"OHIRness Beer ip gimensigpless, | ve
el ect r%dggﬁg‘\gg | nse ;n al's |” Uts' rge?metrrcs g’?%sr dual potassium

hydr oxi de and dried at

7 day Self Roughness Surface
50 Composition Discharge Factor Area gMzig_)_
V25Ti]72r]6Ni42 65% 10700  14.4
55 <
V22T1]62r16Ni-396r7 14% 6020 8.6
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[err] for a period of about 24 hours to renpve water contained within the

el ectrode. A segnent neasuring Epog229emiEll y 1 square centineter was then

renoved for oxide analysis. 20 W t hout atnospheric exposure, the

el ectrode specinmen was transferred through an introduction

chanber Examplerikock systemto the anal ytical chanber of a Perkin- El mer Mdel

550 ESCA/ SAM anal ytical system which has a background pressure of about

0.133 xOpige Fqndifen (1.0 X [err] Torr). The surface was then anal yzed for

conposi tign and thickness usi ng Auger El ectron ectrosco AES), and for
e o, g ol q%%rb%aeg%w

chenital H PP I erﬁ‘?"ltFaf“?wo o) °E1‘qé‘E’f' r%ﬁhesfﬁge P ALY %daF°
AnMs ﬁg@\? sslf discharge, pexiprandey, eni cal og ur ed [err]
(mcron ¢ frﬁ vae@EaB yzﬁ% g t“'g 53 Yipgs eo J(I:lzg% %1'I 8tﬁ° °° t he
deri vat é"fws' i0 nlﬂ 6 uz wh sur d have an normall scha ra éld on of
about,; 3 yg?édﬁn insét rLHn an ' an%
par al feE mpdsitidA 94 Tiy 15% Ahict 9 Jr t@h&v@%tsgﬁ d|§dh

L if.p aXnebﬁM§ ele&%éé' fttﬁ’d”'t

chem caly, 2545 YaRtbrSunétSoirHigh B @nd! jclditPte klg% g e
phot 0el AgdniiseiRatehl WOMRsIRMNLY TR Br,dNibs b CardBied riballBed R Rveh st Bisdh@ies ras1ef gy Of
about  18bou148010&Mn 7 ldB! SiRIMr ciils IS type e &b shovimRGligRegradiliorDih seifdiéharde
square eaeffuhdied fhignndid shdichde BaBétnged area is about 0.5 square centineters.
Fi gur es 3,Elebtrodasamfles feipsugiac@renalysisSverke ptitdined oy fdismastiinglie ¢eliein S rAfkgan @lvedboxt he

t hr ee afiid negatile nleg@tiaswereslinoad in ditiibd watlreto entbiven essidual gotassiure dydroxive iaoddried@aisur ed
I N at onbe: Gofer xpatibd ofdbeut 2 bowsta rensovb whied wokaingd within tthecalectraderA sdgment aeksutiily ee
prof i | esppraximatelyiusquare cenfinelenyes thad refrogaddertoxidnanalyeis. i nute with respect to a
t akt b um Nthod @mosphesici ¢xpesute thes elegydda Gpecimen swast irasferdt theough iapreintfoductipns o

scal e ofhampprinteriopl eyei9msts therpnglyiical chambes ob aceridn Eimar Model BROCESHASANL S i ve
el ect r o&¥stesy whidh hd) §P€°P‘Q¥?F" 8?9 “’WF‘&‘!‘F 1RixdPrda (aoﬁﬂﬁ'ﬁ Tog). fhecfudach ypg,ben at e
(about SW?,da aé’P’f‘y’si“ VA ) Ef?ﬁtfﬁ lér{ Fc%*nﬁ'l@n'l"? Seqm

t he out gend 5’ nSpe

concéht rat't cf'?{%'fh rz e 'ﬁ Y'° g'a t” el'e‘ﬁ’?& 137" kel
Concent g% y5| I]iﬁn% erlva &g}:g&%ﬁé‘ a Oc er Wi ag?a peFK‘? rua 021! O/ | n
3 i nut to a sur ace ness o abou gTb an A ons.
Fi gure n@réé@&ea rﬁ.c;. o B o BRI ot Ph Sy R SRTBESH 07
[err ]y WhoGHab2¥ANin rdi%gﬁo o G e oG o giayS) |

and was s&aﬂewzresioftas&@ﬁ SqualokifheloP WIS tHoQnalfz84! hida i QBJUREIS squar8 RerlisierSLIM OXYygen
concent r atFgrs i35 42BMAIUS repPosarit ESCdop@I itk (aNtfls fsatabss @fthe infbedankipied | negdtiveabout
50% of emlét@tesairhd drdindie ist coicentrdtiod, @basufedrin aPmXgettent! THeCdbbissaSs fabslabiasputidd NM
(330 Angmé.rFonall)thred prefilésihb isputterdate was ¢lBcdngsiome @értniidute with redpedt icea tabthlarh oside f ace
| S al¥eutalibratitnatandard) Fhuscthd sputierdimg isceibo alstale of iogidesthitkmess. maxi num val ue of about
38% i n 13 Figursu$ aepreseits dire swiacee sip tha dwgdtive alettivde loh @erspositiona ¥ Ui 7 ZhdNinnwiied O
Angst r oedibitedCeniiglr iseify distherge retao(alidut) 95% scappiiydosa it i diws) Tharhaximimorivden f or
t he cel Poriaenitatien af they oytet surfagesie labaut)@2 atprain perigent.cdile this nickel gonepryrationet fhe outer
di sehar QW%GPQ"F hatemig perpant. Thenigie! eopeasirajianclimis shaiie regehing Acaadsiuny velve ok |
havi rf§ B PP mjuiss HifYich corppsRONds 19| H”%‘?)H'!PE’P?F? ‘H@P%‘h‘%ﬁ"ﬂ'ﬁ‘kﬁal V\/m ch has
been fou ° rpopte s‘fhehé'f'g?el Pl they ﬂ“'? ‘ % "é f”v §h of
such su ’f d‘f 9 ° e retento ?"éty %eNs lge ? de of

3 jl g A

f

e G e e sfa"%m'ﬁ% §3‘%9§;§‘9f3%ﬁ
Capacét 9?%0 ntration uler LUr{ac m%H ace
I's 50" a % g‘ﬁ F\arl'gtnu ﬁﬁ on tl n so?yb% ?ﬂ gﬁw FH g

m nut es, in§ ‘Me%@%% s $HowslE tHikdr rfatc okidd'e rstﬁe e IBw %ZIf &l@hérgg {fan
Angstr O )cel aving Righ 64 didcRAIge> Ridithaip Nt @h bb BEseREd Mkt thdsuriscd!of M6 Boll RavindAgH 7
atom c B&Ir&iébﬁirgo’iﬁég d higif Sonddn@istier lof MickeR whiti &l Bbel Fuhketo0e iR A8 Wetallié stateOREnT
per capt palibRESEA Firéyt 6suchdikiadas.cor responds to a surface thickness of about
37 nm ( 37 FFighregs teprasemis. thel $udfacsi dirthe abgdtivecdlechads e @Wentidh omposition ¥e T fargNik«erb) and
t hat f owhitthexhibisdd gohdichargy rbtaniiors GU%e cdpeithlassge 7 (dbysh Themdliman exygarsdchgentedtisrer ved
ver sus shtib suffackhie 50 edtdmidr percent) whiahhfalisedif tod a JevelaBaje of briginal @ S )minutesr whidt h
cel | s haarresmpndisotey a 2xide thigkhe8s oF ZBoud 32 nBI379cAngstrding)c Trmrnipise! corpentratianiat khe outer
concent safapepis abput & atomiccihereeptrand gisascirrdlially tq deagh & Value ebabiout i \alomis eraght after] §
di schar ginutexwhich gereosponds tp g Surtacy Bicknespcof aoul Iy NEBTAANOSOMSk el f di scharge rates
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havi ng greater conductivity. 5 Significantly, it can be expected that
the surface of the inventive conpepigsm@eawigy retain this structure, while
the surface of the cell having standard conposition with | ow self discharge
can be expected to degrade to the type of surface anal yzed with high self
di schar geselfRisehargeithe Risi@ copeantyalipn risgf muicicinors grafizlhethan the celi edhgiughdself disPB@e.24
have showhetdyter sustacasderithe ¢ells bavingiqw self dischaiga mateszaeem dchhavern wreatar degfee whdkides,
oxi de f or WHich & eXpoglRd fachaye @ |geqaten insulatiue Aualit dtap kel Whidbdis fagnd [nrihg metallig foem,
rret al st aba¥ng Qﬂeﬁ?’rﬁﬁ“dl:'““’w reversi bl e, nulticonponent, nultiphase,

ﬁadr dche nﬁtsalf'can bp %‘Pﬁﬁt%‘ bat ey sastace th% F"E?"Htf qompasiiion Wil ratajn this structure,

i um "9 Pr“(‘,eoF% ‘fﬂ °f lgé havig g‘ ??G rfg'ﬂd%ts@ fispherae °?"qu BResie o
corrp03|t| Aaide 6’?5’3' og with big sefd Cha {?%‘L 3.5 and z is
B e L EAIA T gy Sl okt o
atomc, eI;“ 16 B md Mf e corrpos on Ef(ro'bag §'t8?‘é§ aqloy
S capa eTect rochemcal ly chargl ng and d| schargl ng hydrogen in an
al kal i ne ggp&ous medi a, the vanadi um conponent is soluble in the al kaline
aqueous nedi a; and the chrom um conponent inhibits the corrosion of the

vanadi um €Onessitie, dkiSoripdfont G RpHaBE cREteERMTcal iythogbn sage allog-cofiprsi§ ighiGRab! €
el ect r @€ hemvgriabiu SdirbonfuMTREKeR bidiGhrotfun AmBEhBhts inks BlloRing EeMRsiidd) a negative
el ectrode conprising a body the nodified hydrogen storage alloy active

mat eri al of (mi-@rnWe-INi}{-oQr; @ Separ at or neans positioned between the positive
and negative el ectrodes; 30 (d) electrolyte neans in contact with the
separ at or nwhers Gnd xt $4.5p08ist y ¥e3.%radd mdgan efiestivel apotntogds ;a valoel of .20 whieh &d
cont ai per neavivleptdn 26 atainia gert dent of the icomposition) ahdrvdgrainithechydrogantstorage slloy ésrapable
means, and &f e‘e%trpmewce"v@emlgg pre dissbaraing hysirqgen intancatkeline [gquegss mglia, tiiptyanadium

el ect r ocheniceaponett|is splpblecjing they akalinghgquequp medis; gesk the | heomiyme cemrepent dbibiie thee s

ni ckel hydr GRragion ofghe "Fﬁ‘i:d“’él ORPPEttintpihe akalipe.pquecyp mediai m 3. wherei n t he

separ at or nonwo ﬁn n @E The el ectrochem cal cell of Caim4,
wher ei t?repﬁ "§ @I SPBRIA%S a thi ckness of about 40 0.0216
posgiive rochen

0. 0085
glme((:t rol yt eI |n .9‘ QoeEspoie rﬂzﬂ comﬁ%stngl b 6#hgﬂ"gé'egI}ydr%%@%rf%ec%yoﬁ‘ﬁéarﬁnﬁqfa' Tl |
f dai 6, d d 45 8 Th
gl ect ?Igf;:nhem c t§l?' ‘;t q!feaa&L g%%ﬁsﬁ%‘ ‘%ﬁﬁ?&%ﬁ&%smf% é)béé G'QQF% rogéltnﬁagaectr des;. le

appr oxi mat el y, wel ght percent potassium roxi d ectrocheni ca
cel | of O ai Mey seadaCdoRiaifert Métns stidirlirg! thé %osf.tws tahte heqamwacﬁedss,lsbadm Hdains, and
hydr oxi de. 50e|a&,°|yg;ma.@ i 6dckdlivd YellioRsHip. cel | of Claim 9, wherein the

el ectrolyte conprises less than 15 grans per liter of |ithium hydroxide.

11. Thes e$.ehe¢ aladrechionizhl colbdfICIadd 2, Glhareithd, posidive lelettrddé Eutnpfi&s inickel Rydadxiae.t r ode
conpri ses nickel hydroxide and the 55 el ectrolyte conprises nitrate and
nitrite i®nIhagecmchemisalceli gf Clain®3, whbrein dHecseparatar isgwnvasén myiohl of Claim 11,
wherein the concentration of the nitrate ion and nitrite ion is greater

t han/ abou®- 0e elpetiochemigal cejiiof Claimnd, whgrein thecnehwovel) ryddn-aepasatorthiae a fiickiass of about
concent?® at i @9216 cs@0PfdM¢hlpre gradual |y than the cell The outer surfaces
for the ceI lLs having | ow sel f di schar%g rates seemto have a reater degree

of oxi des® AP ?,’?F"S? m@i‘ﬁ@'ﬁ?@&'"ﬁ%“ﬁ%’@'@ W%'F aquqeys| alkeli gt fydipidey ¢ han

ni ckel , Wj;' qﬂe electro lérl;]\%al cre1ll of r&ﬁnmng %erem ?he e?ectrglyte comprises potassium hydroxide.

8. The electrochemical cell of Claim 7, wherein the electrolyte comprises approximately 30 weight percent
potassium hydroxide. .

9. The electrochemical cell of Claim 7, wherein the slectrolyte further comprises lithium hydroxide.
§0
10. The electrochemical cell of Claim 9, wherein the electrolyte comprises less than 15 grams per liter of
lithium hydroxide.

11. The electrochemical cell of Claim 2, wherein the positive electrode comprises nickel hydroxide and the
55 electrolyte comprises nitrate and nitrite ions as an impurity.

12. The electrochemical cell of Claim 11, whersein the concentration of the niirate ion and nitrite ion is
greater than about 200 parts per million.
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havi ng greater conductivity. -5 Significantly, it cmm—
the surface of the inventive congwgiszgepami!! retain thi “ﬂ“
the surface of the cell having standard conposition wt hzmmmﬂ “N“ll E
can be expected to degrade to the type of surface analyz wict hthi yh Sel¥ .
di schar 2?; discharge, the nickel concentitianrisesmudiS@te gradualy/harothe selidh. ..yl iv{asesyscaesge.

di scl osdgp puter epiacasior th wellsddnlow iselt disdharge rates seern smbayera grdater dedresngf ozides.
chroni u 'Eﬂ é’efedEﬂ?Hd t?u “6‘§?| *H%'e?tffr'ﬂﬁ“[a@fer‘]“a"ty {190 [nisked; which| is fioyad jnethe metaliicyiored t o

be 10 i a"f A rever si bl e, nulticonponent,

mul t |5pha 'Q"EF l’t Fte‘ﬁ tr'B 'r'ffagi B'r o"?"‘?@?@’ il ¥ '"tth'? sl 15
vanadi u ra7d' fsu e wth I dipgharg carr e Ieb‘?ﬂ"ﬁ@m
ConpOSI Fgg Vlo aceL ZLeha S%WIL éil amd z I S
an effegty, Mxﬁn%ﬂ@ mn ae o d |ck | has g n o 20
at oMmi,g PG & Mbtaitatd. e corrpos |on er’e Var 6gen- st o age 31 oy

is capabl e of electrochemically chargl ng and d| schargl ng hydrogen in an

al kal i nelafifgieous nedi a, the vanadi um conponent is soluble in the al kaline
aqueous nedi a; and the chrom um conponent inhibits the corrosion of the
vanadi um corpesise imultizbrapdnbift, Mditphhse)\@ecoithemida hYBrogen . stordge AlloyAompBisia ienrkl e

el ectrs ochevsamatimin, gebriung, ditkal,iasd ctgomiGra torBipopaRs ih ithedolidwiag taniideition D) a negati ve
el ectrode conprising a body the nodified hydrogen storage alloy active

mat eri al dVieefralagNih--0G) a separator neans positioned between the positive
and negative el ectrodes; 30 (d) electrolyte neans in contact with the
separ at or Whe®n&0 sne st °|§O%|Vt$ B8 amloz ircdattiogtive dimount upde 9; valua bf &P whishlied
corit & ner S3ERiREt 1©3A iomis ReF canhef throeomppsitioniand whergia the\wdregeastorage elloy isgraahle
nmeans, and 8\9’5[?? i 'T?@é{‘ﬁsa"i’ H'sﬂﬁtﬂ"ﬁthyﬁ?'@g?"épéﬂlaﬁﬂ@ﬂ jagueoassmedia, thecvanadium

el ect rochecr‘ﬁ"E E iy tbg Alkaline 2 %‘l [T‘e ipjea o@‘? h(yagmg} SRTPRPEME B theses
ni ckel hycf%??f%] ﬁva @“8?"&’8?‘?"68??&% kafine 2gpq0 %’F‘e ‘aim 3, wherein the

separat gr v e.el ectrochem cal cell of O aim4,
wher e‘?th tfle%fl'{g; Mee%%’% eﬁ%%'é:a{aﬁog\p"smghas a thickness of about 40 0. 0216
ative el

0. 0085 |
glme((:t rol yt etﬁﬁ% aqugous aFfLWE'Rf F’gﬁcﬂr g)%fﬁ*déd %m%[ﬁé e@:&%@ﬁ%%{g, el
of O aim 6, paesRiabr m&s%ﬁmma\wean%w.ﬂvs 8 MRS afewsuxsydr oxi de. 45 8.

The ed ect r ogd)@istifole MBdnk iddontabtaitithé, sopdiérhdans S 16 SuskivePAnitRgHNTREISER;
appr oxi mat ekyd 30 wei ght percent potassi um hydroxide. 9. The el ectrocheni cal

cel | of C aienségledibumtation mbdne cohteifing EHeypositivel sridnmigative rebcirGes; sphdehiméBis, and
hydr oxi de. gectb@te nidaes inlopardtive cdietionshipl cell of Claim 9, wherein the

el ectrolyte conprises less than 15 grans per liter of |ithium hydroxide.
11. Thed.e|The pisttobhwmicabdell okfldim @f wi@rein the Bositiviheleatriode ¢ompriges pickel tedrexddect r ode
conpri ses ni ckel hydroxide and the 55 el ectrolyte conprises nitrate and -
ni trite4i dhs elagroghemioairel pk Glaim Bowhetdinethe peparetonie memiovapi nyloed | of Ol ai m 11,

wherei n_t he concentratlon of the nitrate ion and nitrite ion is greater

t han abtr?rut%%glﬁct ﬁr%ap | 9f{(ajm Griwherein the nqnyoveniyylog |seRarates dR® Athigknesg @f ooyt
Caiffi12 § ncentration of the nitrate ion and nitriteionis
at | easa aTIRQ ere?t%g%m?ﬁgﬂ:t[ee vo |mr51 \!erere(lD the g'étroT 530 g%g&tﬁ‘ra f aersl%l%g‘i{ of daim

2, having an elec enoug

7. The electrochemical cell of Claim 6, wherein the electrolyte comprises potassium hydroxide.
4“5 _

8. The electrochemical cell of Claim 7, wherein the electrolyte comprises approximately 30 weight percent
potassium hydroxide.

9. The electrochemical cell of Claim 7, wherein the electrolyte further comprises lithium hydroxide.
50
10. The electrochemical cell of Claim 8, wherein the electrolyte comprises less than 15 grams per liter of
lithium hydroxide.

11. The electrochemical cell of Claim 2, wherein the positive electrode comprises nickel hydroxide and the
55 electrolyte comprises nitrate and nitrite ions as an impurity.

12. The electrochemical cell of Claim 11, wherein the concentration of the nitrate ion and nitrite ion is
greater than about 200 parts per million.
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5 °  Ffecombination in a sealed cell. 15. The el ectroche

Cl aim 2, having excess el ectrol ygeopes g24eBf oOr vented opermm”, mmﬂmﬂ

el ectrochenical cell of O aim 2, having a wound confi gurati*on¢

el ectrochem cal cell of Caim10, having a reduced | evel of vanadr umin the

el ect r oltgt e d@trochbraica [celt¢frGairh AP wheleingbg poncsintration, pithe mitrate, iopjand) nityiter iew] iscad d

| evel of vieashehoyrhOD partsiper milliedst r ol yt e whereby to substantially reduce the

ef fects of vanadi umredox shuttles self discharge nmechanism 15 19. The

eI ect r ocHefiec glpctreghemicg) celbjoh Clgimy 2. haying, jap, glegirolviy high, enough; to\permilyfest@ef n t he
ct Fol yt ?WW“?WHB@% antially reduce the effects of vanadr um

éf’ect - ockherte eiqmr&c@?rﬁ%c Sy Gl s il oine SPer it e Rel B i schar ge.
21. The 1%' '131? ?IeO (Y] gﬂ\lgﬁcell O?Hal x%lngawognd c%ﬁ{rrgli 0. the surface of the

negat jve ele subs resista 0 the effects of redox

coupl € redygtd) odﬂ&ﬁ@é‘ﬁéu%ram% haeagam@cegheeatoreﬁéaﬁ,m iff b ofe@lolyted C @i m 2,

wherein the redox couple I's one or nore o [err] and (b) [err]

30 23. Tae TR SscrbepehiRaTicaIPd Claih 17, Rhvirg!adbdliced Ie\)éh& vBHallurh HEhe Eibdiroige WRbIaIsYO6
reacti on i subafialy reducéihe etidclof \}an%m rblick sRUtRE séi0GdeRdIgeCdchai. of Claim 2,
wherejsn the surface of the negative el ectrode of nodified hydrogen storage

al | oy actoi Tes éisttreghbraical leeisof IR 18 hivingea redicddiel dfvanadiam inutheralelitrblyte avherblyctb r ode
and i s | essubaaitialye redacedtie effects @f Wanddiars arrgpionr @athe | ahersical 28abiliffhaf the positive

el ectrochenbatiatie.cel | of Cl aim 24, wherein the nodifier reduces the active
surface area of the negative electrode of nodified hydrogen storage all oy
acty ye 8t &he eldctrochemicat gell of Rlaime?, baving aaerupsdTatp °fc%lf Pisghpraesl ai m 2, wherein the
surface of the negative electrode of nodified hydrogen storage allo actlve
mat er i al2hake P'@@@‘%?B‘Pﬁ'a@@ of Rewhergin g syriace of Hg) fepative elpetiotes [Soubstangally s

| ess act i vEesiigntdethe effpcts ofrgdoxcopnlareductignmechisme e o| ect r ocheni cal cel | of
Claim2, erein nstoraeallo actlve material is

| ess %0 2 %%?U%‘;?PT'BT 8‘g %c%$§’g?'8ﬂﬁ\°ﬁ°df”h%°” PiE? 8 '(}?'% t han unnodi fi ed
hydr ogen storage alloy active n&t St" urface of the negative

el ectrode of nodified hydrogen aII éa e material has |ess
surface roughness than an unnod{§) el ect ode after repeated

char gg; di scharge cycles. 28. The el ectrochemcal cell of Caim2, wherein
the surface of the negative el ectrode of nodified hydrogen 55 st orage

al | oy acdsl YRe didttrEdhbriical o8Il df SR £ dhétbill theGelf disch@yd resbiisCiBanedsk reactions than an
unnodi fied el ectrode. 29. The el ectrochenmical cell of Caim?2, wherein the

surface of @heopegativB.@l ectrode of nodified hydrogen storage all oy active
mat er gsal hagi0a 4 OdMerangur f ace content of high conductivity material than an
24 EP 0@} 7306MBT v arat#iGtd .el ectrode and is less catalytic to self

di scharge reactions than an unnodified el ectrode. 30. The el ectrochem cal
cel | of % Fhaeigyochaicnleplhof Claim 2 ivhereip thecurdace ofi the negeiiveplectipde) of maliisddwdrogend t he
noditi ed hytsraegélqv getive materiah hasdess japtivp Birtace thanean; yampdiied @legtrodp pRdia fess fetiyete

surf at®e of Sphmischargarpsciens. 5 31. The rever si bI e, negative, electrocheni cal
hydrogen stor e eIectr i fied hydroge torage
al | oy ac® '°a g:é% e?@‘\é\,ﬂa "’e?cg E‘?"ﬁ?fdﬁ? Pee cﬂ%g%ﬁ'% °t he
gr oup consrgqaf"f’?ge 'f"é ? ?mr%‘l?aﬂ @ nmanganese, and cobalt 10
32 THE SLRL Sbdy amﬂﬁ%&i im £ WAGrbih %@ﬁﬂc&&lthmg&ﬁgﬁ&trﬁéeo& AGnddl HpGibgende of

a ai m %%Qal Iess surface roughness than an unmodified electrode and is less active
to self discharge reactions.

27. The electrochemical cell of Claim 2, wherein the modified hydrogen storage alloy active material is less
50 susceptible to corrosion in the electrolyte than unmodified hydrogen storage alloy active material, and
the surface of the negative electrode of modified hydrogen storage alloy active material has less

surface roughness than an unmodified electrode after repeated charge-discharge cycles.

28. The electrochemical cell of Claim 2, wherein the surface of the negative electrode of modified hydrogen
§5 storage alloy active material is less catalytic to self discharge reactions than an unmodified slectrode.

29. The electrochemical cell of Claim 2, wherein the surface of the negative electrode of modified hydrogen
storage alloy active material has a lower surface content of high conductivity material than an
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hydr ogeh storage alloy active material further conprises ge
conponent chosen fromthe group ceEpyysisédd gif at | east o II“”M“H‘I“N

cal cium | anthanum niobium silicon, and hafnium Patentanspr-4che 15 1

Ei ne unkehrbare, aus nehreren Konponenten bestehende nul ti phasi sche

el ekt r ocheriwobdifiedalssteds atipkssqaviytitie sélbdgchargareactions hakemynoedifiedeaiectieds. Ti t an,
Vanadi um Zirkonium N ckel und Chromin fol gen- der Zusammensetzung

enthal t: 3® The electochemicalpelk 9¥Clgim; 29) wherelnythe higly Gopductivity matgriakis pickpl, pnd;the mogified <
3,5; und z ihydrogansioragp plley ipibits\iheigarease of nickel én ‘h%?‘H"W?r"f thea'ﬁct{?d%o was 20

At onpr oZzent der Zusarrrrensetzung entspricht; und in

Vasser st ofts él"%’ﬁ'@ﬁbP %‘P’ﬁr %M%af "°9 %’%qes"t"i??"fde °f1 CE m‘eé?f"kgﬁ‘]"?@ﬂ%dn
Medi um zu | @égp Pﬂfg? r?ﬁ%’ﬂ’f)g}?g ¥ £A8N Trom [e, 98 %m
Wi ssrigen al%ﬁﬁ'ﬁ“% leFLees qp%eé’l"i%ﬁnﬁ"g?"eseuﬂ' der die Chronkonponent e

enthilt: east one ofr(l @al mﬁ SnutH, hiotlnt) fileok OdnB RémigH.S d
aktiven I\/at erl m)dl | zi erten sser stoff spei- chernden Legi erung

nach Anspphehadspriichk € N zwi schen der Anode und der Kathode angeordnetes
Trennmggtel; (d) einen mt dem Trennmttel und der Anode und der Kathode in
Ber Ohr ung 15t§ﬁbeﬁ}§1@ﬁl'bﬂ aleé ehryior Romponehtéhbestehende aljiphadisehs) elui@bihapietlot Wasser-
Behal t er, destoffeheizhéNagiekang, tid Kdinponk@bnnaue ditan(lVanadins, tZirkooiimim, Nicle) undrChrahi is folgen-

El ekt r ol yt m det 2ésamimerspieung tehttdvm Zusamenschl uB enthilt. 3. Eine

el ektrochem sche Zell e nach Anspruch 2, in der die Anode N ckel hydroxyd
entill tze 40, (Tid-. 2Nk Bkt r ocheni sche Zell e nach Anspruch 3, in der das
Trennmi ttel aus ei nem l\!?/l onvlies besteht. 5. Eine elektrochem sche Zelle
nach Anspr ucderinist 9.0 <des 1.5188 STy 8 A8nindizdst eing wirkepme, Menge bis zu pigem Wertven 0.2 vas wa
0, 0216 cm ( (200Ngmprozsnt der éuﬁﬁm@P'ssefzu"ase"fsmchtEFWe'" é‘P"e‘F{? M@ﬁ@?ﬂ‘?&'ﬁ'@"ww"@ Bhig- 1y

Anspruch 2, iptnhWegsprsigibin @eékﬂ“?akﬂc aﬁ@'&;‘ diean pRonente
ydr oxyd® best la%Iﬂ“f?"‘" ""FSS"E‘? Eﬁc'éﬂ?t Fr{ge a ' %’ﬁ s % g‘B?'lﬁEtﬁ °T'?|s'°8eq‘"' der

die Korg ggggé dm%gs.\{e%%m r%@néa?m s;rerc{ ﬁ %«ﬁs aié?gn%bfogjoumd cs

El ekt rol yt ?‘{H‘HW'B?"& In 9A% ¥ rocheni sche Zell e nach
Anspruch d j umhydr oxyd enthalt. 9.
Ei ne el ektZ r olé| ew'eJer Ead?% %&ré%%'ﬁ%‘ﬂﬁtsz\éﬁudzigfoﬁgweg%'gﬂl“ der El ektrolyt auBerdem

Li t hi unhydr ox rT=YecK juch
9, in der der gdfdchi ?Ee mﬁ%me*mﬁéﬁ\?\%ﬂ@&ﬁ%‘&g&s 15 %&gﬁl&aﬁéﬁr&;ﬁm;ﬁﬁ% .

enthlilt. 25  (c)4in Ziscidn & éﬁ&n Sded 3d§2&th&1§'angeordnetes Trennmittel;

| 1 1 (d) einbn ik derFrTRANMIl bikd € RS SR r Kthdde inBeatiiruAf SBtieriadh ERktralytenler
di e Anode Ni ckgyhydroxyd und der Elektrolyt Nitrationen und Nitritionen als

Ver unr ek ni gunge)eéiedni vetkapsbifen BahBier,edet ldier Ardae Ning alite Katkddb,edie abitandspitel il didl |,

I n der di e Korewktdlytaitiel@mopaeativeMint2usdminmnschiutiordhétier 5 Nitritionen gr oBer
ist, als etwa 200 ppm 13. Ei ne el ektrochem sche Zell e nach Anspruch 12, in
der. di e K@nzEns elakirochemigahe Zdllotnacht Anspregh 2, in dlen\ie Arotd Nipkelnydrpyd entbditns 500 ppm
betwagt. 10 14. Eine el ektrochem sche Zelle nach Anspruch 2, in der das

El ekt r opy thy oFiomelektrepherpisehe felly et Ansivinch inalerrdas reanmiltsl pusieiey) Mybv‘ﬂ?ﬁ kesgteht; n

ei ner verkapselten Zel|le zu ernBglichen. 15. Eine elektrochen s¢ %(

nach AnspSucnesiekipehemische dolle. aach ARPAICH ﬁe'ﬁ dar, das) Mgl qus %P"P""g‘?sn"é'?’? Dicke von

bel Oft et en B 90418 gM(,008p Zol) au ol

4 6. FEine elekirochemische Zelle nach Anspruch 2, in der der Elektrolyt aus einem wissrigen Alkalimetallh-
ydroxyd besteht.

7. Eine elektrochemische Zelle nach Anspruch 6, in der der Elektrolyt Kaliumhydroxyd enthélt.

50 8. Eine elektrochemische Zelle nach Anspruch 7, in der der Elektrolyt etwa 30 Gew.% Kaliumhydroxyd
enthélt.

9. FEine eloktrochemische Zelle nach Anspruch 7, in der der Elektrolyt auBerdem Lithiumhydroxyd enthit.

56 10. Eine elekivochemische Zelle nach Anspruch 9, in der der Elekirolyt pro Liter weniger als 15 Gramm
Lithiumhydroxyd enthélt.
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15°16. Eine el ekt rocheni sche Zel l e nach Anspruch 2, die iﬂ!ﬂllﬂﬂ&!ﬂﬂﬂl&“'l
Konfiguration aufweist. 17. Ei negebei$earBen sche Zelle c .
die einen reduzierten Anteil an Vanadiumim El ektroly- ten aufweist. K-,20
1& Ei ne el ektrochem sche Zell e nach Anspruch 17, die einen reduziertn

Ant ei | avl. Hiae aldktreahamincig délle rngehyAnspragh 2,00 e die Anqdlm Nickelhiydzoxyd | ung dek (Riltrald
Mechani snudlitgtiopengm iiitiopan| alsd{ervgrettigenarenttdi ox bewegungen von Vanadi um

wei t gehend zu reduzieren_ 26 19. Eine el ektrochem sche Zel| e nach Anspruch
17 mit et2nElfe elolirpshamischs, Zalle: sach Agsprugh Jdqin 9 jdia Kanzeptration er Nirgtionen ind9Rhr ch

di wﬁswi r RiigRen oehler iIfATHE PAPEBN Vvanadi um auf die chenische Stabilitat
der~Anod ei tgehend. zu duzj eren. . Fine el ektroc L.5che Zelle nach
Anspr uc h1%2%gfa§%'8 g"sf'b:uﬁg?t%ﬂ"% g"%&'f: 'bié) gh‘gf él'a ﬁﬂ’gg‘?’g{% dgﬁ'%%?nsep .""%B'"@T‘.e“ Ei ne
el ekt r ocheM"Se5Res JH PO BOIAGL Anspruch 2, in der die Oberfitche der Kathode

wei t gghend efeg - L ' KNG e Bl BRI hd GRASE SHRRedEr
RedoxﬁK?&p@ﬁ‘ﬁEﬁ%ﬁké%ﬁf@%%?%ﬁ%@ﬁ&éﬁﬂ%Q &n@%ﬁfﬁn %agﬁﬂﬁ%\ﬁpﬁch 2, "n der

di e Redox- Koppl ung el ner mehreren der 35 f ol genden @ ei chungen

ent spri cfyl Einb lelekbdRomische Zolle nach ANSrieh 2)1ib iR Ubérsch\Bvalumen an Elekirolyt flir\eiren 46
23. Ei ne ebgiloton BBmsE sak Zel | e nach Anspruch 2, in der die Sel bstentl adung
ei ner jgder fol genden Reaktionen entspricht: (a) 02 + 2e- + H20 -H®2- +
OH-, und166@ine elekiipkemiscikdZsite bl Anispaiti2, @iedindidewickaia Konfiguatian apkebisochem sche

Zel |l e nach Anspruch 2, in der die Oberfilche der Kathode aus dem aktiven
Mat er i al 17d Eine wiokiiothemisee Zatle Wach Aespsuch fi 9, Slipasinetn caduizieytere Anteilan dfanediumdmi Elpkirola k t | ve
- Fl ache auf wwiagfveistal s ei ne nicht nodifizierte El ektrode und weni ger aktiv
aufi_Sed bst ent| adungsr eakti onen reagiert. 65 26. Eine el ektrocheni sche Zelle
nach Ans1$ &iop eleigrochemisges Zelle padyfvaparich A7 cffie eleay redueipdncnieihisa Vargdumdmiidakidhen der
aus dem akfamafweisty u@rsoie Auswirkypchdesi Machaniseys der Selbptentiaung Aureh: RedoxheypaupgeA

her gest el | VehVaradiypitahepd sy gdugipren.o 6 EP 0 273 624 B

1 uB 11111 hli j 111 * C Mo S 26 Ein ekt rac . Sche
7ol 1 o*hath S ey e e 7 py o Sinan SRR <
der nodifi ﬁ?"{;?e %g :g& i«;’gf% o a8 KRRl e PG T HT G S PRl oen ?ﬁatﬂode ei ne
geri ngere Berriaénenrau i gkeit aufweist, als eine nicht nodifizierte

El ektro #hd eiéﬁﬂlsz%ﬁgscgégdlﬂée( ndeh nspRic 8 (R Hide 36HINGHR S’eﬁ&gﬁt&ﬂﬁ%ﬂt@ﬁﬂwe&ter t. 27.

;
Eine gle f rochem nach Anspruch 2, in der das aktive Material aus
modi {171 5 tef olkoRRIMIcRY Zolle HRAI AaLHRIch ©Jin ABILAI OB der RitRbdS WeitgbKdid Fesistent

Kor r osi on  igegerldRkdutvitikirigeitldédr ibdukifthsmedkdnisiers ddviRbavikikappluag sst.ni cht nodi fi zi erter
Wasser st of fgspei cherl egi erung, und die Oberflache der Kathode aus aktivem

Mat er i al 228 Ehe raMirdchemisthé Zslie\iaisIs Alispiuch £.Sip elercdie Rbdxgikepplung enaxCddermelttasin dért en
Ladunegs- / EndijeadbnGischyigee antepriche ger i nge- 10 re Qberflachenrauhi gkeit
aufweist, als eine nicht nodifizierte El ektrode. 28. Eine el ektrochem sche
Zel | e nach Anspruch 2, in der ﬁn& Qperfl achﬁ?d.er % nodi fi zi ertem aktiven
Mat eri al ei ner Wasserstoff speq q eyi er ung hrerde | ten Kat hode weni ger
kat\alyti sch auf Sel bstentl a-

40

(2) v5 vté |

45 23. Eine elekirochemische Zelle nach Anspruch 2, in der die Selbstentladung einer der folgenden
Reaktionen entspricht:

(@ Oz +20~ + H0
—+HO2~ + OH~, und
60 () Oz + 4o~ + 2H0-4 0OH™ .

24, Eine eloktrochemische Zelle nach Anspruch 2, in der die Oberfliche der Kathode aus dem aktiven
Material der modifizierten Wasserstoffspeicherlegierung eine weniger aktive Fliche aufweist, als eine
nicht modifizierte Elektrode und weniger aktiv auf Selbstentladungsreaktionen reagiert.

55
25. Eine elekirochemische Zelle nach Anspruch 24, in der der Modifikator den aktiven Oberfldchenbersich

der aus dem aktiven Material der modifizierten Wasserstoffspeicherlegierung hergesteliten Kathode
verringert.
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dungsredktionen reagiert, als eine nicht nodifizierte Ele

Ei ne el ektrochem sche Zell e nach fpgpszsc24®B1 i n der die Cﬂmllmmlmmulmwll
nmodi fi zi ertem aktiven Material einer Wasserstoffspeicherlegi efung *®
hergestel | ten Kat hode einen geringeren Oberflachengehalt an stark |eitendem
Mat er i al RéitEinogdlektrasheische Eelle naghcAnsirudhed; incderdlie Rbertifishe dan qusden ddiven Maters! el sch
auf Sel bst equadmeggva@mcrﬂemheﬂee nechargestgiiten Kathade ginecgeringosdPie©fiacheprayhigkeit

El ekt rode. lesfrgisels ejme ichiomadifiziege [Eleldyode Mad weniger aifiy apf Sefvstgntiadyqassepktionep tpay

das stark | dtende Material N ckel ist und in der die nodifizierte

V\a elr;sﬁcﬁffs |cherl ergﬁcg éng ruéhl eﬂée Eﬁ@eha teoslfIZI Wasserstoff-

f i n i§ |ve 8. nicht

el ektrochemsgﬁ' F' qr$'as rep Eé Ie:h,gg %ﬁ%&%% E‘h% g nl:k%USd
e

das aktive elc &&Iﬁén%g% g/ dem

ei nen zxver te"ﬁ0 it géw hit die
m ndest’éns ernes der aﬁ rren e upfer I sen, Mangan und Kobalt unf aBt o)
32. Eine ygkgly Qé\&r@chgﬁ'&{e'iéﬁe Rdch Kan Eﬂﬁnsé‘d?%levﬁfeﬁﬂéﬁt &t fausS mBdizRASH ARtiven

El ekt rode nagferafsikek fetoftbpichkAbgidtad lﬁl"gtaétéi@n%ﬁr@del WenigdUigitalyBisth falitZS e tortla-

Wasser st of f Sd%%seéaﬁfoh&gbagreﬂrhﬂk %%ﬁdﬁdﬁfﬁbﬁﬁléﬁ&&d‘aﬁr stof f spei chernde
Konmpongpt e aufwei st, die aus der G uppe ausgewAhlt ist, die m ndesten eines

der El erreb.eEirMagmsémmscHéaﬂené nach Ansprdicha) jn ddr alie, orﬁirflabﬂeoder s mptiiffiziertermaktivera St .
35 Revend| caviteriabeider Wabdorsttfspeidiaeriagiaaiglgmeséliteo tiathodei eiren geringerere Piritiickengohalt

d' hydr ogbne, an&staorigiierstamt Material hatpble sine anighh snodifizienta | Eldkdrode und | wepigerpkatalvliseh atbs
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ol 0,0 <x<15; 0,6 <ys 3,5 et z est une valeur effective pouvant atteindre une valeur de 0,20
qui est équivalents 3 un pourcentage atomique de 20 dans la composition, et dans lequel I'alliage de
45 stockage d'hydrogéne est susceptible de se charger et de se décharger électrochimiquement en
hydrogéne dans un milieu aqueux alcalin, le composant de vanadium est soluble dans le milieu aqueux
alcalin, ot le composant de chrome inhibe la corrosion du composant de vanadium dans le milieu
aqueux alcalin.

s0 2. Cellule électrochimique rechargeable comprenant :
(a) une électrode positive;
(b) une électrode négative comprenant un corps formé de la matiére active d'alliage modifié de
stockage d'hydrogéne selon la revendication 1;
(c) un moyen séparateur positionné entre les électrodes positive et négative;

55 (d) un moyen d'électrolyte en contact avec le moyen séparateur ot les électrodes positive et
négative; ot
(e) un moyen de récipient scellé contenant, dans une relation fonctionnelle, les élactrodes positive et
négative, un moyen d'entretoise et le moyen d'électrolyte.
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18. Cellule électrochimique selon la revendication 17, dont le niveau de vanadium dans I'électrolyte est
45 réduit afin de réduire ainsi sensiblement les effets du mécanisme de décharge spontanée de navette
d'oxydation-réduction de vanadium.

19. Cellule électrochimique selon la revendication 17, dont le niveau de vanadium dans I'dlectrolyte est
réduit afin de réduire sensiblement les effets de la corrosion de vanadium sur la stabilité chimique de

50 I'électrode positive.
20. Cellule électrochimique selon la revendication 2, dont le taux de décharge spontanée est réduit.

21. Cellule électrochimique selon la revendication 2, dans 'Iaquelle la surface de I'électrode négative est
56 sensiblement résistante aux effets des mécanismes de réduction de couple réduction/oxydation.

22, Cellule électrochimique selon la revendication 2, dans lequel le couple réduction/oxydation est un ou
plusieurs des suivants :
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to" *'(4) 02 + 2e- + H20 -H®R- + O+ , et (b) 02 + 4eﬂl
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40 . Cellule électrochlmlque selon la revendication 29, dans laquelle la matidre de haute conductivité est du

nickel, et I'alliage modifié de stockage d'hydrogéne inhibe I'augmentation du nickel dans la surface de
I'électrode.

31. Electrode négative de stockage électrochimique réversible d'hydrogéne selon la revendication 2, dans

45 laquelle la matiére active d'alliage modifié de stockage d’hydrogéne comprend en outre un deuxiéme

agent modificateur choisi dans le groupe constitué par au moins I'un des éléments : cuivre, fer,
mangandse et cobalt.

32. Electrode négative de stockage électrochimique réversible d*hydrogéne selon la revendication 2, dans
80 laquelle la matiére active d'alliage modifié de stockage d'hydrogéne comprend en outre un composant

de stockage d'hydrogéne choisi dans le groupe constitué par au moins |'un des éléments : magnésium,
calcium, lanthane, niobium, silicium et hafnium.
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