2. 9 AWG 2003 WD 00/52988 PCT/ EPO0/ 01667 Ni ckel hydroxide coated wit@9 AUG 200
cobalt ‘hydr oxi resent invention relates to a nickel i,de which
is stable to o‘g‘?gg{’??ﬁ and coated with cobalt hydroxide, Pgﬁ ?@%ggprocess
for the preparation thereof, in 5 partiréular for use as a positive active
mass in rechargeabl e al kaline batteries. Al though nickel hydroxide is
outstandingly suitable for storage of electrical energy because of its

st or age capaciNigkdhydraxide(oontell vithombak dpdrdtideg def ect structure) a

t heoretical maxi mumof 1.67 electrons per Ni, it has a nunber of

undesirable 10 properties, such as |Iow electrical conductivity, |ow cycle

stability, |owHehnéghtigventiaR aditésytoalnitkeDhydr&TBEHRcH ieabid b dxiduibgaglEncy to
swel | because of the spontaneous formation of different crystal phases

wi th di ffer entcoplgd twidh cabrlic hyfgexide, rang tper ypresassl {or sheygeeparatioh dhefesfelibprent
of i ckel shydroxidife BILLEE Shstive U Hale enarbeat CARARL pRTEADAL L he

properties of tteries ‘can be 1 nprove y-using nic ydr oxi de
coated with cobalt(ll) hydroxide (see US-A 3 066 178). Neverthel ess, the

i ndustrial use,of njckel, hydroxi.de coaf.ed with cpbalt hydroxi.de has not
since becone %@b"é‘ﬁt‘ é‘tfiﬁletéyg{%’éféd? °’t‘tﬁt§‘“é %iS‘E‘P@let’??“ Btf’raﬁ%gg?]?c("{‘?ai A8 oxi de
to oxidation. betalsBef itst fitageObtphcityadfen b Mwithe dreshéaling ekt thRukAt ery is

t he use of non-coated 20 nickel hydroxide with the addition of Co netal
powder or cobatheorenghsaprHaum 0f o % slectrms | rey it s OMpmbenpk padesitadbal t

hydr oxi dgacoat | 1.0 i I d#ﬂ? e i s forns
o% t he nielg kel %re%}rg%i’ ggéhv%gﬁ’gln?l g(tfﬁqrrgagir&ao%&;ﬁg‘é éﬁt Icly?% y lrtg’xlgggéﬁr?'fﬁq Jégies
during nore praipantyed highaendperguses wd thaltdndericytto s@eltibgcadse of hiee spomdamdotis

conpound di sso) Vi in.the electrolyte, this coating then being converted
into 25 the actoﬂ'&"lr’]t%ﬁ? 038# FV&M@I‘@E@%%%%“&% FMefact i ve cobal t

oxyhydroxi de network during the first electrical charging of the battery.
A conprehensive description of the mechanisms which are inportant here is

to be found i nIntheerpsdbrstape obthei dexglppragnt of pigke hydraxide)basterien i was seeedy onal

New Bat t efgy St [ o ' -
El ectroc h{asx‘i catég%gongcgﬁgﬁt %Z?Z&r%gey f}:qﬁéig 360, Qgé rﬁ?lﬁggg?gw??ggd &v%ﬁgp%kﬁ% of
hi gh- capaci ty hydséedile catediwith dobalt(By hydnsiidey(sesi A$-dr eH6nITE pl Névielrbelesasthe

industrial use of nickel hydroxide coated with cobalt hydroxide has not since

become accepted because of the sensitivity of cobalt(Il} hydroxide to oxidation.
Rather, the route taken in the production of the battery is the use of non-coated
20 nickel hydroxide with the addition of Co metal powder or cobalt compounds, such as
Co(IIO or Co(OH),, where a cobalt hydroxide coating crosslinked between the
nickel hydroxide particles forms on the nickel hydroxide via intermediate cobalt(II)
hydroxo complexes during more prolonged standing (typically 1 to 3 days), the
cobalt compound dissolving in the electrolyte, this coating then being converted into
25 the actually conductive but electrochemically inactive cobalt oxyhydroxide network
during the first electrical charging of the battery. A comprehensive description of
the mechanisms which are important here is to be found in the paper by Oshitani at
the 3rd Symposium for Sectional New-Battery Study Group in Battery Technology
Committee of the Electrochemical Society, December 11, 1986, entitled

30 "Development of high-capacity nickel-cadmium battery using sintered metal fiber as



2 9 AUG 2003 WO 00/ 52988 PCTI EPOQO/ 01667 -2 substrate". The nodel s degdr AbG0]
there i'n respegt of cobalt conpounds al so apply to other substrates and

cat hode mat eri M%YSEn ni ckel hydroxi des which are coat e§CAERMVYFHg to the
prior art with a cobalt(ll) 5 hydroxide-tayer which is not stable to

oxi dation by atnospheric oxygen are used, in the course from production via
storage to the actual use in the battery a passivating

bal t (11)- Y 005 . i ckel
cobal t (11) - cont@ishitd TiR%BEdes: %Fedﬁt_hte}qu%ég&?ﬁﬁ &BL]It Eﬂﬁ&ﬁ@é ﬁgc)%h) 8

hydr oxi de particles, this not only inpedin e so Ity O cobal t
speci es to gi vethehsubsiatesiand cathodle materizbnpl exes to be forned internediately
(reduction in the contact surface due 10 to inadequate fusion), but
additionally having a poor electrical conductivity. This then necessarily

means that | ar §éhepaidksl Ipfdrdxkes adich\uee dakl abcofdiss toth€piditanaCifies séual@r)
electricall]y and as nore or |ess dead material can no | onger contribute

towards the chpdexis layer whigh st @akje tojoxidation ¥ apmasghesicoxygap asewsedpnoposed
(Japanese Pate I ct i cally
i nactive cobal ?k océgﬁg?froﬁ g‘é&cﬁgggiraes@& r&e)gife p?c?%? ﬁ%éﬁéﬁ/ eet():agth latﬁa}(%)%%quﬂ%i de

| ayer on to t heobritfKedontayuing kayeke forms tdnc thessuafack ofl teecpaedt hivkel dividebixitleng t he

| ayer in alkalin ol ution by. nmeans . of yge t hi gher te rature.
Such ni ckel hyHFlg%feﬁéﬂEB%tto B}' iPe "%Blﬁﬁf’]folﬁﬁ'g&#ﬂﬁ‘?@fﬂagﬁf’? forﬁi‘gg ecetfie to
20 oxidation; hedvexeEamplerts bAtBAiAGReintedidy (radictibdRlhed dnbotGatd \Rie

i ndi vidual particles in its outer shell have a good conductive |ayer, the

for mati onl®df ate Hiedemgiedfsieobul addigiopailychaving apaofslertrisatapadystivine iThidi vi dual
particles (inc ' t.act : Lont) . .C e achieved
only by furt he%?&%fwgﬁ Qr%otg.‘glhtu%g%Lnlgsgﬁfntagx%‘{egﬁékggrpessa ea‘gt}aatceﬁs§}{)]§ol ubl e
in the al kal i neleetrieglty aridydsenort for teas deadduhit¢riaboar so hmértoedriboel tywaBs theose
contact points exist Q@t ¥\een the individual particles and the total
resistance of CSEHfE"BPECt PHWE i s increased because of the transition

resi stance which occurs between the individual particles. On the other

hand, a cobaltgll) hydr oxi de coating remains soluble in the al kaline
15 t has also already been proposed (Japanese Patent 25 89 123) to generate the

conductive electrochemically inactive cobalt oxyhydroxide layer by precipitating a
cobalt hydroxide layer on to the nickel hydroxide particles and subsequently
oxidizing the layer in alkaline solution by means of oxygen at a higher temperature.
Such nickel hydroxide coated with cobalt oxyhydroxide is indeed stable to
20 oxidation; however, a disadvantage is the fact that although the individual particles
in its outer shell have a good conductive layer, the formation of a three-dimensional
conductive network between the individual particles (increasing the contact surface
by "fusion") can be achieved only by further addition of cobalt compounds which
are adequately soluble in the alkaline electrolyte. If this addition is omitted, only
25 loose contact points exist between the individual particles and the total resistance of
the electrode is increased because of the transition resistance which occurs between

the individual particles.

On the other hand, a cobalt(Il) hydroxide coating remains soluble in the alkaline
30 electrolyte to the extent that crosslinking takes place by dynamic dissolving and

addition processes, so that conductivity bridges are generated between the particles



gro electrolyte to the extent that crosslinking takes place by dynanic29 AUG 2003
i ssol ving an i_flon processes, so that conductivity bgigdge

gener at ed bet dm%@%g)?#gé)parti cles 2 9 AUG 2003 WD 00/ 52988 %?1@88%1667 3
after conversion to cobalt oxyhydroxide dufing the initialization charging
cycle. The coated individual particles are "fused" in an electrically
conductive manner at the contact points of the Co(OH) 2 or CoOOH coating. A
condi tion of t ke co@Wainas coiak ox}IdRirddidivduSing thedhitiflizatieikeargiddyokl daeW th a
cobal t (I'l) hydroxi de coating which is 5 stable to oxidation. Accordingly,
it has al so al feaipdyinpidyalpagtirdesce {'fisd’ antan casHIcelY PondyGiiiedRATET plaide 5
conductive addjt.d : | r QX L,Cke I W th
cobal £ (1) iy B OO e o S R 3 61

or hi gher car btheyprowsith) ofi@i mskel hipdroxide stithr 5 cotaltiBhydexjdeptvenng svheoh 19i t ami ns
(EP-A 771 041). é di sadvantage here is that the protection against

oxi dation3s atAPEMEYIMCY i ndirectly, since the antioxidants only becone
active with respect to the oxidized cobalt(ll) formin the sense of a
reduction. A further disadvantage is that the antioxidant is consumed in
the course of w#iceardinglyait hasg alsg agraa;dyﬂwén Froresad; t9riregt eababdl drydroidej (@8 fed with
respect to 15 tj . -l : | A

degradati on pr %%Hé‘f.té‘:%? ﬁﬁﬁg% é‘%ﬁl @g?ﬁgﬁ@ %ljr}gc%}ltﬁ*&é‘}ﬁn%c#%g ?%*L@Q’%g‘??er y. It
has now been f audrdxitiéeiith bintoxidabta) suchydDghicds: (E8yer44cH) bechifler metoxyica f orm

which is_stable.tq oxidati if the coated nickel d ide,.is treated
Wt weak 6 nor @G dassteeisRy albudes el G RamitsErA PUNAIE SrupER n i s
procedure, thenhgldrif 62 t1f profRetiorC 8RR oAMonGh @shidved GAKEmARedtly! Bin@hikens of
the acids. Suitable anions are one or nore anions fromthe group

iconsi sting of ahtmideatsconlpbrcame activerpidneeseect tohthe pridized cohalidhrfame in the

nol ybdate, nio te b : v 3 ) te and
tungstate, or g‘%{as St gg&%g o gl?r'gl’el' gﬁ%@gﬂ%@g %&:ag?%(? rrllg ’Ielazglﬁgf/ s iqgat e are
preferred. Car hitnatueseic tipee; thatisltarshy/the oxidation protection is limited with respect to

15 time. There is furthermore the risk that undesirable degradation products of the
antioxidant are entrained into the battery.

It has now been found that the cobalt hydroxide layer can be formed in a form which
is stable to oxidation if the coated nickel hydroxide is treated with weak inorganic
20 oxygen acids or alkali metal salts thereof. In this procedure, the surface of the
coated particles is covered with anions of the acids. Suitable anions are one or more
anions from the group consisting of aluminate, borate, carbonate, chromate,
manganate, molybdate, niobate, phosphate, silicate, tantalate, titanate, vanadate and

tungstate, or oxalates.

25
Borate, phosphate, carbonate and/or silicate are preferred. Carbonate is particularly
preferred.
“Stable to oxidization" in the context of the invention means that the degree of
30 oxidation of the cobalt hydroxide does not change during storage in air and at

ambient temperature (up to 40°C).



preferred. "Stable to oxidization" in the context of the invention melah SUG 2003
that the degr oxi dation of the cobalt hydroxide hange
during storaggﬁpﬁ&gﬁg?pand at anbient tenperature (up to ﬁ%@%daghg?AUG 2003
WO 00/52988 PCT/ EPOQ 01667 -4 Li, Na, K [ or pseudo-al kali netals, such
as ammonium are suitable as the alkali netal. The treatnent is preferably
carried out in an aqueous solution of the alkali netal salts, in

parti cul ar of LihdNaskandior pehde-alkalAmkebssukchanammooom| @e shigablcovbe alkgii of t he
Co(OH) 2 surface i ufficient, to.r nder.qthe.nickel hydr oxi de. proyided with
the Co(Or) 2 coReithq s Spamentds BiefelY crriod ouiHRan ARussuy sRivhm ofabe e
surface coveripguA@Rs iNPirtitdRf helsbusQhibi ity of the cobalt(I1)

hydr oxi de coating in the al kaline electrolyte of the battery, so that the
10 effect of the formation of a three-di nensional network of high

conducti vigty, |l iy | on” v ak l. ni mpeded wi t hout
t he addi tison 0 qgssﬁﬁarnt Iéllré%og%ﬁl ﬁ? ‘i'e\%gg gg&eﬁ03§352@%5£rlgg§p l,emin@ 1rlmécg“bossi bl e
to keep the t othahickeiiydioxide pecofdzl twithahpCaPET), doatime 1t WeRidafibn. The i nventi on
provi des a ni ckel hydroxide which is provided with a cobalt hydroxide

| ayer which is stable to oxidation and the pastel green colour of which is

retai ned duri ng 3l BéATBudd¥hht @ cith BRFRBRERrin® dods MR heer Ak lsélhbihi%aéf tgél weeks;

preferably for a period of 6 nonths. 20. The invention also provides a
ni ckel hydr oxi erbajsdlbiiydeoaidgi qoating trothe| aikalipe] elostralete df dhebatighy, ke that the abl e to

oxi dati on,, t he in the 3-val ent oxidation |evel

i ncr easi nnlg0 by ngegggfﬁ\tgnﬂ%?a@gﬁ %Eéé%fae %lﬁn N§ ﬁ%ﬂa?ggtglorkcgéf’nl nfm@]u Cncv(')%aﬁ“f’d even

after storage"fusion!i sbovanianediso takephicatuningedél with@hChe bhdditi@i of &Ioithe

nont hs. 25 The oxj dation. |l evel of the cobalt here is preferably_ determ ned

by iodonetric cqnohetive; it At K RARFIe o keep the,bol pmaypy gfcobalt

furthernore prewi hi hydr oxi de which is provided with a
EmpleFal 18 a'hhi m.

15 The invention provides a nickel hydroxide which is provided with a cobalt
hydroxide layer which is stable to oxidation and the pastel green colour of which is
retained during storage in the atmosphere for a period of at least 4 weeks; preferably

for a period of 6 months.

20. The invention also provides a nickel hydroxide provided with a cobalt hydroxide
layer which is stable to oxidation, the content of cobalt in the 3-valent oxidation
level increasing by less than 0.5%, based on the total content of cobalt, even after

storage in air (ambient temperature 10 to 35°C) for at least 6 months.

25 The oxidation level of the cobalt here is preferably determined by iodometric

titration in a manner known per se.

The invention furthermore provides a nickel hydroxide which is provided with a
cobalt hydroxide coating and has on its surface an at most monomolecular layer of
30 anions of weak inorganic oxygen acids. The concentration of the anion of the weak

acid is preferably 5 to 20 umol/m’ of surface coated with cobalt hydroxide.



cobalt hydroxide coating and has on its surface an at nost nononol ecyl @RYG 700)
| ayer of 30 an] weak i norgani c oxygen acids. The copgce ign of the
ani on of the nm{ggﬁﬁfs%fg?d is preferably 5 to 20 nol/nR2 of sﬁgpgt@%é%gt ed with
cobalt hydroxide. 2 9 AUG 2003 WO 00152988- PCTI EPO0O/ 01667 -5 A surface
covering of 10 to 18 nmol/n2 is especially preferred. The superficial anion
concentration is preferably 10 to 50 mol per nol of cobalt(ll) 5

hydr oxi de, based on the anmount of the cobalt hydroxide coating. The nickel
hydr oxi de powder according to the invention is preferably free from

anti oxi dants of* sBEgESPYereRf 4% i ISl deiespeciallyrrefsied. 10" Fig. 1 expl ai ns
the invention by conparison with the prior art. The circles A represent

di agranms of a nickel hydroxide particle, the grey structure B represents a
Co( OH) Z coat i nhe superficrabkreon canceriteti@h s ppfasEn g taS(mmpl pEr ok piiatbalii)of t he

Co(OH)Z caatin nd,the dark structuyre D represents a CoOOH coating. 15
Fig. la) expl aﬁbﬁg@{‘ﬂ%%ﬁﬁﬁaé’flt raf?°“5‘c$5?eo‘iohﬁ}?€¥ﬁ%$ecﬁ?mé“gni ckel hydroxide (I)
coated with Co(OH)Z which is not stable to oxidation is partly oxidized
(I'l) on the surface by contact with anbient air. As a result, the hydroxo
conpl ex f or mat iTBh nickel Mdroxidepowdst yaeeording to thesinvertion ds praferably dfacefromor i ng,
only a parti al i Vi natwor, k eby form (IV). Fig. Ib)
expl ai ns the gg@?@?ﬁ%ﬁ}’g@ﬁg@ 5 E%r(l)é‘tgfing élljegfg)nversi on of the Co(COH)2
coating by al kaline oxidation at el evated tenperature (1). The conductivity
of the aﬁive mass_i.n t&?batter i s determ ned bq); | oose point contacts
(V). 25 Mg, DR cuhleine e eRInE Ry SRIIL 5 PO A5 whi ch i s provi ded
according to the invention with a Co(OH)Z coating which is stable to

oxi dation, and which remains soluble (11 IL‘ in the electrolyte via hydroxo
‘conpl exes and {Thefisgies & repspsent diagramy ebarpicksbhydspnidearertics. therggey ftiuetye Bhar gi ng
and di schargi ngepgéégtlntgﬁ)CO(OH)z coating, the broken circle C represents a partial oxidation of

the Co(OH), coating and the dark structure D represents a CoOOH coating.

15
Fig. 1a) explains the pror art, according to which a nickel hydroxide (I} coated with
Co(OH), which is not stable to oxidation is partly oxidized (II} on the surface by
contact with ambient air. As a result, the hydroxo complex formation in the

electrolyte (III) is impeded. Even after forming, only a partial conductivity network
20 can thereby form (IV).

Fig. 1b) explains the generation of a CoOOH coating by conversion of the Co(OH),
coating by alkaline oxidation at elevated temperature (I). The conductivity of the
active mass in the battery is determined by loose point contacts (IV).

25
Fig. 1c¢) shows the nickel hydroxide (I, II) which is provided according to the
invention with a Co(OH), coating which is stable to oxidation, and which remains
soluble (III} in the electrolyte via hydroxo complexes and therefore forms a
Co(OOH) network on forming (first charging and discharging cycles).

30
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enpl oyed accorg,'bq,g,sbg%t he i nvention can be prepared in ap()_(.”gﬁ&imrl&q manner .
f cal

Known processes for the preparation of nickel hydroxide are chem
precipitation 5 from aqueous nickel saltésolutions by neans of alkali
met al hydroxi de solutions, electrolytic dissolving of nickel anodes in an
aqueous salt-containing electrolyte, oxidation of nickel netal powder
under pressur eThehisied hydrogideto by elgslbyedcioctading so the in@fifdredanibe pRépagsd BN a
sol ution and subsequent precipitation by distillation, and by oxidizing
hydrol ysi s and“‘éiﬂ?%‘é"d‘tfﬁﬂ’t%e‘i‘educt ion of alkali metal nickelates. Processes
10 of chem cal precipitation or of electrolytic dissolving of nickel anodes
are preferred. A spherical nickel hydroxide which is prepared by one of
t he known pr ocEsews processerefor theipoepamtion p§nigked hgdrakidy arrpbtmiceldprediigation ckel
hydr oxi de base_particl es .gr ed b ne of the known prqcesses are first
15 coat ed “wi t hﬁg%]b%\uf:?‘ﬁslx)laﬁggq?%%ﬁi%%? ﬁ’yd“?af’ﬁ S a%‘?@ﬁ“ﬁtﬂqﬁ'a{?é SOUFPBnsi on
with the addit élestradfticCéibsivifg by niskeltmodd’dinainkjuboudBhaRt cohtyilim@xdlelerof/ad Ut i on
and/ or ammoni a under suitable conditions. Preferred conditions for

achi evi ng a unPyigationcssutkel metal powder grded Presse.i diggolying: of manke] priedes as a

sem -batch or pahab A P ¢ | inidals 2 '
tenperature 0 to 15EZOC, pre %r%%?@ggéﬁ% (S)Jbggde?ﬁ}ﬁ%]pﬁgg{#é‘fbag?%‘Flfa@o%é"gr%ferabl y
30 to 40C, pressdizirghydrdlysis2ng shisequept efietiablof alfalbmenl dickeldtes. ; Prptdsas 25C
8.5 to 13, preferably, 9.5 to.11. 5. and.parficularly. preferably 10.2 to
T0.8; sol 15 eESHRBNGH RiePimiition s 3f SBreE diospitigiol bieh FosteS sretienm g
content O to 1A sphérical tled BydEblife VhitRis teld byloaé bf thelkiin/prBé8icg bRy 2 tO
5 g/l; alkali netal/cobalt ratio 75 to 50% preferably 80 to 95% of the

'st oi chi onet ry; PBPRATORBIeGFalY emplayedon, washing with 25 water and/or dilute
al kali metal hydroxide solution, preferably sodi um hydroxide solution with
a pHof 11 to 12. The coating with cobalt(ll) hydroxide can al so be
carried out w Thomckemydmsdt bgsapanicles pepaediby derofofie lannexocdssat sre first

15 coated with cobalt(Il) hydroxide in a first step in aqueous suspension with the
addition of cobalt(I} salts and alkali metal hydroxide solution and/or ammonia
under suitable conditions. Preferred conditions for achieving a uniform cobalt(II}
hydroxide coating are: continuous, semi-batch or batch process procedure, residence
time 0.2 to 12 h; temperature 0 to 120°C, preferably 30 to 60°C, and particularly

20 preferably 30 to 40°C; pressure 0.1 to 2.5 bar, preferably 0.5 to 1.2 bar; pH at 25°C
8.5 to 13, preferably 9.5 to 11.5, and particularly preferably 10.2 to 10.8; solids
concentration 10 to 700 g/l, preferably 100 to 400 g/l; NH, content 0 to 15 g/,
preferably 0 to 10 g/l, particularly preferably 2 to 5 g/1; alkali metal/cobalt ratio 75 to
150%, preferably 80 to 95% of the stoichiometry; optionaily filtration, washing with

25 water and/or dilute alkali metal hydroxide solution, preferably sodium hydroxide
solution with a pH of 11 to 12. The coating with cobalt(II} hydroxide can also be

carried out without an inert gas or the addition of antioxidants.

To stabilize the cobalt(ll) hydroxide coating by rendering the surface inert, the
30 original prectpitation suspension of the coating process or, preferably, the nickel

hydroxide which has been coated with cobalt(II) hydroxide and has already been



To stabilize the cobalt(ll) hydr oxi de coating by rendering the surfaZ8 AU6 2003
i nert, -the i§€l precipitation suspension of the cgﬁbgﬂgmgkecess or
preferably, the nlc el hydroxi de which has been coated with cobalt(I1)

hydr oxi de and has already been 2 9 AUG 2003 WO 00/52988 PCT/ EPOQ 01667 7
separated off fromthe nother |iquor and resuspended in water is then
treated in a second step with the weak acids |isted above or aqueous

al kali et al sabmawﬁmﬂa&&ahhenm&maﬁmhydnmgsmqsakﬁénmh&néﬁﬂwnThewéﬁmbiIizing
treatnment can al so, be ca rled 4 % E B after flkHrat nlof tﬁg nmot her
liquor of the ¥°PR sich ""Hir:‘é‘l‘ﬁ P df 1 O §'it5%ﬁs‘1’ SAUSUHE R hEeR af’t ey 2ffBcess,

by treatment Ofefa@yatayas e tRérediaSTIRA sthbilibiBf teddeRnt d4iPalséd DENRARAIUSR range
of the stabilizing ?reatnent is O to 100C, preferably 20 to 60C, and
particul arly pdistctly aBes/filgtioroofshemoties liguaraafithsnorigingl Reecipilaiqm®ispensian be 0. 2
to 12 howrs. Lt has v t u o] rry out
t he st abi I%l Zi ngpfhre eaf tﬁegnﬁrog??’%gat?%oné? ?%%ﬁeo#ﬂ ie%s%%%géégﬁa %kg

hydr oxi de coat eghpatatlie fmnlgalof ﬂ]bls)abhlydﬂg(ﬁehﬁi&mt 1sThe 108t enederadly Aoan 60?(3
preferably carried qut additi on of | i, netal. carbonate nd/.or al kal i
metal bicar boné‘é‘ep%?‘ﬁﬁrlyoﬁg eeblyc‘%?n‘eéﬁt‘fa oiwratgnpf the BRIRER oA gf) £d°t he
solubi lity maxisygaspreferably 0.03 to | nmol/1, the anmount of alkali netal
carbonate 15 and/or al kali netal bicarbonate solution being 0.1 to 10 tines
t he wei ght, based on the solids content of t he suspensi on which conpri ses
t he ni ckel, hydrgxi de ¢ ed mnt ext of

t he inventlon &ﬁﬁ%p“g onaﬁ?%ﬁu?ﬁeﬁagam% pf3%¥888%h€sg%hﬂn%&§onaQ%en t akes
pl ace by addit icabomdtion af therudicef d, nickeDhydroxide @dtad twithreobalt(H) Ypdroxidd) A
particularly preferred enbodiment of the |nvgnt| #ISES treating the

'still noist filbe&frbenatign hetg s prtsrabbhcarpedRiy bﬁ?@%% afRonate
subsequent washjdgr itk ﬁ@tﬁmé‘arﬁdn%'sgﬁn% ﬁ%&%ﬁbﬁ@(ﬁ&ﬁom%&h'& ROmRI T

under CO2 partial pressures of 0.0 to 2 bar, preferably 0.01 to 1 bar.
The treat ment celubibey mmmu@dpm&rab!m ol toalneelaslhy amount of alkali metal carbonate
15 and/or alkali metal bicarbonate solution being 0.1 to 10 times the weight, based on

the solids content of the suspension which comprises the nickel hydroxide coated
with cobalt(Il) hydroxide. In the context of the invention, the carbonation then also
proceeds if the carbonation takes place by addition of carbon dioxide, e.g.

introduction as a gas.

20
A particularly preferred embodiment of the invention comprises treating the still
moist filter cake from the cobalt hydroxide coating or the subsequent washing in
carbon dioxide or carbon dioxide-containing air under CQ, partial pressures of 0.01
to 2 bar, preferably 0.01 to 1 bar. The treatment can be carried out simultaneously
25 with the drying of the powders, for example in continuously operated spray dryers or

spin flash dryers.

The nickel hydroxide coated with a stabilized cobalt(II) hydroxide layer after the
stabilizing treatment has been concluded can optionally also additionally be washed

30 before the final drying step. The drying itself does not have to be carried out with



25 with the drying of the powders, for exanple in continuously operat&y AU 2003
spray dryers or. _spin flash dryers. The nickel hydroxide coated with a
stabi | i zed cobd I8 hydroxi de | ayer after the ~stabiliziPRYEPPEHEHeNt has
been concl uded can optionally also additignally be washed 30 before the
final drying step. The drying itself does not have to be carried out with 2
9 AUG 2003 WO 00/52988 PCT/ EPOO 01667 8 excl usion of air (vacuum or inert
gas), but dryi ggisddh st aéduﬁpolgfﬁt:rt' Qsa,afnft d n?@%ebe &PdSo 1eh|airtt€§ave
conventional types of dryer can be used as drylng units. Al't oug

pul verul ent. niceste|Alhthd comiedgoniaktypesaffdryee chndecissddisgyitgutitse i nventi on, the
5 invention is not [imted to pul verul ent nickel hydroxide. According to
the invention, it is possible in an anal ogous manner first to precipitate
ni ckel hydroxi Ghﬂthﬁﬁ%ht fulverulsntfdkeRhiroaE siratbired Achidalsoh B@UZSntidN afsel
nonwoven or a nickel foil, subsequently to coat this wth cobalt hydroxide
and then td i miieskon ipgotdumiteddo puberulent mickehbysironde. Aqcewlingeinthesioventiomn. 10
Preferred base;nj - i £.].Cl. [ (,050 .val ue,
measured by ¢ hes TSt o L b Bin® HGLd prBfinletifiel b i 2an ¥ &
preferably 2 t ould@atey prefetublyspeickd igeuze mitiet eomw@an oaa nivisiabil agdoagatnybe 2 to
70 n2/ g, measured gﬁ_‘.the BET mét h%g. é The. base ni ckel . hydroxi de can
furthernore cofbfiasEipKEh §obaltdydroxisdsiand thep dpmmerse {he sapteq sibseate intg thet he
group consi sti mgatfent@@iigal um cal cium strontium scandium yttrium

| ant hanun] | ant hanoi ds, titanium zirconium chromum nolybdenum

t ungst en, ‘?Tanganese, iron, cobalt, copper, cadm um zinc, boron, 20

al um nium gal | j ndl i . Seni timn nd
B smut h. 1 arsars B ithel s, nRaRRBR! el SHoR N0 Ml R
hydr oxi des ar e bgahe MasietsizeOmbthod)oof50.5\to SO e pariculfBbpieferdbiy2 18030l t in a

0,
total amount OfTh% s}:e%ihgc s\{\l'trfacéoarea can advantageously be 2 to 70 m%/g, measured by the BET

method.

15
The base nickel hydroxide can furthermore comprise one or more doping elements
known per se from the group consisting of magnesium, calcium, strontium,
scandium, yttrium, lanthanum, lanthanoids, titanium, zirconium, chromium,
molybdenum, tungsten, manganese, iron, cobalt, copper, cadmium, zinc, boron,
20 aluminium, gallium, indium, silicon, phosphorus, arsenic, antimony and bismuth, in
amounts 0f 0.2 to 25 wt.% in total. Preferred nickel hydroxides are doped with 0.5

to 5 wt.% zinc ang 0.5 to 5 wt.% cobalt in a total amount of 3 to & wt.%.

The cobalt hydroxide coating can also comprise doping elements from the

25 abovementioned group in a manner known per se.



The cobalt hydroxi de coating can al so conprise doping el enents fromt%é Allég[]ﬂa
aboverrentioned“qf&ké%shn a manner known per se. Z J AUG 2003 V\lp) 00/ 52988

PCT/ EPOO/ 01667 -9 e invention is illustrated in nore def&fif ?)%‘?mfﬂe

foll owi ng exanple: Exanple 5 348.5 g/h of%a CoCd 2 solution (7.0% Co),
g/ h of a 10% NaCH sol uti on,

297.5
180 mM/h of a 100 g/1 NH3 solution and 3, 000
m/h of an Nl (OH) 2 suspension (150 g/l of spherical N (OH) 2 doped with Co
and Zn, 80 g/l Nad, 3.5 g/l Na,SO4) are continuously netered in parallel
into a 17 litre stirred reactor tenperature 10 controlled at 37C. A pH
(25C) of 10.5 ARGIYFAUQRAS 'i'ﬂ?ﬁ"’éﬁﬁltm merecdetpity) the follgypesxamplg: 5 g/ | are
established here in the equilibriumstate. After a first running tinme of 24
hours, the outflow fromthe reactor (approx. 3,750 m/h) is collected at 24
h intervals fd&xamplurther 72 hours, filtered batchwi se and washed with in
each case 23 kg of tenperature-controlled 0.2 g/l NaOH solution (45C). The
residue onthe filter is 15 then treated with 46 kg 1.0 nol/1 Na2CQO3

sol ution (45C) 3a8 gh palal gotshiatdemi(1.67460), R97.5 @ loetael 0, demabmtibg ed
water (45C). Drying is carried out at 50C in vacuo. The product yield is
11.7 kg per 24 H0 B o 1818 WH peltion aad 1O0R M1y of vesN§PHnespsiopoat ed

base nickel Ny g splaRbENAOH? Qiobbie Wen AANIZE 8b 21314953 8l BEsGh kel

hydr oxi de coated wth cobalt hydfoxide w th oxidation-stabiTizing 1)eat ment
i mredi at el y af @awr cqntinpeuskyt inglerednid pdrallsl imd or 4@ ditienstiied redotor Bmpenatuis. Tabl e

(% (% (% 155 (o Chpi o ChBeSE) 8 P8 38 b e of avox
3.5 g/] are established here in the equilibrium state. After a first running time of 24
hours, the outflow from the reactor (approx. 3,750 ml/h) is collected at 24 h intervals
for a further 72 hours, filtered batchwise and washed with in each case 23 kg of
temperature-controlled 0.2 g/l NaOH solution (45°C). The residue on the filter is

15 then treated with 46 kg 1.0 mol/l Na,CQ, solution (45°C) and finally washed with 46
kg completely demineralized water (45°C). Drying is carried out at 50°C in vacuo.

The product yield is 11.7 kg per 24 h batch.

Table 1 shows analytical values of the non-coated base nickel hydroxide. Table 2
20 shows analytical values of the nickel hydroxide coated with cobalt hydroxide with

oxidation-stabilizing treatment immediately after preparation and after storage in air

for 6 months.
Table 1

Ni(OH), base material, non-coated
Ni Co,,, Co(Ill) | Zn Cl Na SO, C
(%) (%) (%) (%) (ppm) | (ppm)} |(ppm) | (ppm)
57.17 1.44 0.5 3.65 360 31 80 1,100
™D MS CS BET
(g/em’) [ Dy(um) | (A) (m%g)
2.0 4.5 70 19.84




EDIVBCBBET (glcnB)Dsa(m (A) (n2/S) 2.04.57019.84 2 9 AUG 2003 WO 00/ 5ZP8&UG 2003
CT/ E P00/ 016 - ble 2 N (OH), base nmaterial accordi h

i nvention, cog‘tz(e)g&\%gg Co(OH) 2 and CO8 Ni Cow. Co(fl1)znd %@Jo}m 7

(D (% (% (% (ppmM (ppm (PPM (PPM 52.926-480. 73. 36420351401, 400 Co(I11)
TDVBCSBETafter storage in air for 6 nmonths (g/cnB)D50(lI-tm (A) (n2/g) (%
2.05.117017.420.7 TD = tap density; M5 = particle size determ ned by the
Mast ersi zer method; 5 CS = crystallite size determ ned by X-ray anal ysis;
BET = specific _surface area neasured by the BET nmethod, % values = w.%

The nickel hydE#¢de naterial coated according to the invention and

repared accprf; t e ol : ' '
ﬁon!tohs, in the wéqqﬂ)igasggmfe%?sé?ér\%n F]%EIF any adcltldonltho a ’oannguc v
additive in thwi el ecfCqge prosldy i|@n and,Cif rom[tNae 3r sGghar §cng an

di schargi ng) g_%_cl_g'_r_e_a,c_h_ec Q9% afl. t he Ni utililzati on! based!an_t he
one-el ectron sU8p. A Conventdnal | ee- ¢l@EP)Y odéPratr antrambnt | (#moh
conpri ses an Fggd';g@- . 15 g RCtTqggy & hskephgge— _
counter-el ectfode and the rki ng [el’'ectrgde conpri si ng|the ni :Il<"e4P0hy3IrOX|de
active mass i sSTPhoseyMSer e.| 0de el@ETochem cal |y enent takes place

al vanostaticplly, i]le. a clonstant| chargijng and|dischargi ng current |s set
g | y ghing after stor:?ge St for 6

for 6

LD

months
(g/em’) | Dyo(um) | (A) (m%/g) (%)
2.0 5.11 70 17.42 0.7

TD = tap density; MS = particle size determined by the Mastersizer method;
5 CS = crystallite size determined by X-ray analysis;
BET = specific surface area measured by the BET method, % values = wt.%.

The nickel hydroxide material coated according to the invention and prepared
according to the example is measured, after storage in air for 6 months, in the half
10 cell test without any addition of a conductive additive in the electrode production
and, from the 3rd (charging and discharging) cycle, reaches 99% of the Ni

utilization, based on the one-electron step.

A conventional three-electrode arrangement which comprises an Hg/HgO reference
15 electrode, a nickel plate counter-electrode and the working electrode comprising the
nickel hydroxide active mass is chosen here. The electrochemical measurement
takes place galvanostatically, i.e. a constant charging and discharging current is set
between the working electrode and counter-electrode. The potential of the working
electrode against the potential of the reference electrode is measured. The cyclic
20 operation is effected by 15 hours of charging with I, (I,, designates the charging
current which delivers 100% of the theoretical charging capacity in 10 hoursj and

discharging with I,, to 0 V vs. Hg/HgO. An aqueous potassium hydroxide solution



between the working el ectrode and counter-el ectrode. The potential ofl % Aeb 2003
wor kirng el ect%%l%tsﬁggi nst the potential of the refer encepg*&gé?;o?& IS
clre o

nmeasured. The cy O operation is effected by 15 hours arging with
l,a (I,o0 designates the charging currentllwhich delivers 100% of the

t heoretical charging capacity in 10 hours) and discharging with 11, to 0 V
vs. Hg/ HgO. An aqueous potassi um hydroxi de solution 2 9 AU6 2003 WO

00/ 52988 PCT/ ERQstDiHthé eicttrolyrd Bspiep@e eheewbikitgydl@rods) RS Mpkad @yblagidwor ki ng
el ectrode, the nickel hydroxide material according to the invention is
prepared as a TM8%Aplepwetdingle MieqinvRwien werspATed) 2s 20 foamaalsctrade Damd, thept
Clainms 1. N ckgladlydroxi de having an oxidation-stable cobalt hydroxide
coating, wherein the coating contains 5 from1l to 20D nmol of one or nore
ani ons of weak inorganic oxo acids per nol of cobalt(ll) hydroxide and an
at nost nononol ecul ar | ayer of these anions is |located on the surface. 10
2. N ckel hydroxide according to Claiml1l, wherein the anionis CO3. 3.

Ni ckel hydroxide according to Claim1 or 2 in the formof powder having a
mean particle size (D50 15 determ ned by nmeans of a Mastersizer) of from
0.5 to 500 pm 4. N ckel hydroxide according to any of CQains 1 to 3 in
the formof a coating on a substrate. 20 5. Ni ckel hydroxide according to
any of Clainms 1 to 4



containing one or nore doping elenments sel ected from the gr oup con5|38|mm]mn
of My, Ca, Sr, Sc, Y, La, lanthanides, Ti, Zr, Cr, Mo, W M, Fe,

Cu, Zn, Cd, B, A, Ga, In, Si, P, As, § ina total anmount of fron10.2
to 25% by weight. 6. Nickel hydrOX|de accordlng to any of Claims 1 to 5
containing water nolecules in interstitial lattice 29AUG/913 -13 sites in
an anount -of up to 10% by weight. 7. Process for preparing nickel hydroxide
according to any of Clains 1 to 6, characterized in that 5 doped or
undoped ni ckel hydroxide provided with a cobalt hydroxide coating is
treated with a weak inorganic oxo acid selected fromthe group consisting
of alum nate, borate, carbonate, chromate, nanganate, nolybdate, niobate,
10 phosphate, silicate, tantal ate, vanadate and tungstate or oxal ate or
their alkali nmetal salts or carbonated by addition of carbon dioxide. 8.
Process according to Claim?7, characterized in 15 that the treatnent is
carried out in an aqueous solution of alkali nmetal carbonate and/or al kal
nmet al hydrogen carbonate. 9. Process according to Claim?7 or 8,
characterized 20 in that the treatnment is carried out in the original
precipitation suspension of the coating .process or after prior separation
fromthe not helatdntd¢@aink the original precipitation suspension

Nickel hydroxide having an oxidation-stable cobalt

hydroxide coating, wherein the coating contains

from 1 to 200 mmol of one or more anions of weak
inorganic oxo acids per mol of cobalt(II)
hydroxide and an at most monomolecular layer of
these anions is located on the surface.

10 2. Nickel hydroxide according to Claim 1, wherein the

anion is COs;.

3. Nickel hydroxide according to Claim 1 or 2 in the
form of powder having a mean particle size (D50

determined by means of a Mastersizer) of from 0.5
to 500 pm.

15

4. Nickel hydroxide according to any of Claims 1 to 3
in the form of a coating on a substrate.
20
5. Nickel hydroxide according to any of Claims 1 to 4
containing one or more doping elements selected
from the group consisting of Mg, Ca, Sr, Sc, Y,
La, lanthanides, Ti, 2Zr, Cr, Mo, W, Mn, Fe, Co,
25 Cu, 2Zn, C4, B, Al, Ga, In, Si, P, As, Sb, Bi in a
total amount of from 0.2 to 25% by weight.

6. Nickel hydroxide according to any of Claims 1 to 5

containing water molecules in interstitial lattice



‘ [ [ Process according to any
; seqguent resuspension in water. 25 10. _ _
AN oubsed char gct erized in that the treatnent is carried out

Clains 7 to 9,

or’ ilter cake after
[ ly by treatnment of the unwashed or washed fi ake _
19: Irtefgt?/onyfromthe.rmt her 30 |iquor of the original precipitation
t he®¢65Fi 1§ PRORERWNE 1af Wpotesk0Rdnorwiinghd 0 C ai m 8,

.suspensi on of

ized in .
;Ihigfi?t (ranra!t ;F gar bog?gg sol gion and/or alkali nmetal hydrogen carbonate

sol uti on at

concen

that the treatnent is carried out by addition of 35

ratron

2% A5 2003

Gt PFORRDLRE AGIGkElt chydheonbde mamcogalingi | iy,

preferably 0.03 - 091 amt/&f Z1%iAEG 2093 -44 J:%aéfzgggggg Cg%{ g%ﬁ%&ao

| ai m 11, schar act egj ' at t-he .apouynt. of al. . : .
gofilu{ni on % !’ibﬁ?lﬁ hl%t glglgﬁ?apo&é‘?r]%j‘r D wrenided With1Q tines

and/ or

al ka

the mass of solidsCpbeibnthyidroxides saspangi ar CordAidY NGitLhe i ‘C”Egl(o

hydr oxi de coated whéhgepbal t GLL) hyd

rpxi de _ _
of ains 7 to 12, characterized ih J’t‘%at SEAECERRat FEAM | sther r peduput 10

13. _Process accor di ng

any

: IpnBchaARC an@orapart i cohabbyapLef erably
at a tenperature of°B¥iBBENG pr effer alal _ g ef erab
40-50C. 14. Processhaé6f¢d] ng ti?laﬁg&ngf:ﬁd aims_ 7. to. 13, characterrzed i

that the
washed

: . o
1y ckel hygﬂgél de é:oat ed_ 1

15

20

25

30

35

phate, silicate, tantalate, vanadate and
tungstate or oxalate or their alkali metal salts
or carbonated by addition of carbon dioxide.

Process according to Claim 7, characterized in
that the treatment is carried out in an agueous

solution of alkali metal carbonate and/oxr alkali
metal hydrogen carbonate.

Process according to Claim 7 or 8, characterized
in that the treatment is carried out in the

original precipitation suspension of the coating

-Process or after prior separation from the mother

10.

11.

liquor of the original precipitation suspension
and subsequent resuspension in water.

Process according to any of Claims 7 to 9,
characterized in that the treatment is carried out
directly by treatment of the unwashed or washed
filter cake after filtration from the mother

liquor of the original precipitation suspension of
the coating process.

Process according to Claim 8, characterized in
that the treatment is carried out by addition of
alkali metal carbonate solution and/or alkali
metal hydrogen carbonate solution at

concentrations of from 0.01 mol/l to the maximum
solubility, preferably 0.03 - Q.1 mol/1.

st abi T8RP Sal t (1 R¥ohsdrexi de is



i i f Cains?B Alib 2003

I | final drying step 15. Process according to any of
Eilqréhgrggferzged inythgt t he dry!gg_%g_;he plgkgttzaﬁPKSL?nggiug?gLegf
mﬁih stabilised cobalt(I1l) hydrox! e I's carried « S hout excl

: . Progess %ggording to Caim?7, characterized _ _
g;;bon;?ionrigggarriefﬁﬁi BT LRI A CEabh tlHe nnhatﬁ&géfgfggaﬁ%
conpri sing the nickdlat W@mm‘hgtg@;{t (;qu\goilg)r(]i ; al tdd E]E r%ﬂl‘ﬁr' e

| oxi de or &t LN Iﬁé?% : 3é§b_
g?rgggngb?éi to 2 %?F/%Qg%gkg}ébFﬁgﬁaoﬁwéFGQQPoQQrbOMamg pﬁﬂfﬂgﬁ?imffggﬂ 30
si mul t aneous dryi né’.ilnl@on@im;fhya Qﬁa&c’)@t g@n?ﬁ(;gjlyd%d ro)r??,_ g %‘gatté}?' ho
. 175 The usgue ke oHo L_un . ( C
g{ é&rf. sed cobal t (| E{iﬁ?drggi %g’ %‘3&8& 3&%‘?‘9 Richkal éifdcpallde cda el as
i )

el ectrode materiaMitR SebBhHAEY) baydeokibde .

13. Process according to any of Claims 7 to 12,
characterized in that the treatment is carried out

at a temperature of 0-100°, preferably 20-60°C and
.particularly preferably 40-50°C.

10

g 14. Process according to any of Claims 7 to 13,

' characterized in that the nickel hydroxide coated

15 with stabilised cobalt (II) hydroxide is washed
prior to the final drying step.

15. Process according to any of Claims 7 to 14,
characterized in that the drying of the nickel

20 hydroxide - coated with stabilised cobalt (IT)
hydroxide is carried out without exclusion of air.

16. Process according to Claim 7, characterized in

that the carbonation is carried out by treatment

25 of the moist filter cake comprising the nickel
! hydroxide coated with cobalt(II) hydroxide in
carbon dioxide or air containing carbon dioxide at
CO: partial pressures of from 0.01 to 2 bar,
preferably from 0.01 to 0.1 bar, preferably with
30

simultanecus drying in continuously operated spray
dryers or spin flash dryers.

17. The use of the doped or undoped nickel hydroxide
coated "~ with stabilised cobalt (II) hydroxide
35 according to any of Claims 1 to 16 as electrode

material in secondary batteries.



