17 MAR 2004 Active material for rechargeable batteries The present] 7NMRZM4
Lhnverttion relates to an active material for rechargeable batteries, in
particular a metal (l111) ion-substituted nickel hydroxide with brucite-type
structure, a 5 process for the production thereof and use thereof as an

el ectrode material for secondary batteri?g. Ni ckel hydroxide is used as a
cathode material for alkaline secondary batteries such as nickel/cadm um
or nickel/netal hydride batteries. An electrochem cal variable crucial 10
for industrial use is capacity per unit mass. It is a function of the

ni ckel cont edtctive mafgrial for rechiargepble batteriesy of nickel utilisation. The

i nterrel ationship between capacity per unit nmass Q in mAh/g, the nickel
content in wt.% of the cathode material and nickel utilisation in % EES
(one- el ect r o/Thet pregent Sneditioh Nethtaasto’ ah | RYse idter¥dN foYiresiargehBleQbatteries, in

58. 69. 3600. 10 [nfg] wherein F = Faraday constant, = 96487 A ,s/nmoi 20 58. 69
= Mol ar mass PafticHlaE jaametalfIBolonsgbyituted nicks} hydspxide with brusife-tymeostastuirs tao

h 1Q= f Lg% 0 fi ' A. . Thi
provi des a + RERest ron ARCERIAGh BerbliCul yoe sharf 85 o) Bleiod" sl by
25 Ni ckel hydesridabattgriésabl e for industrial use, however, conprise

nodi fication netal contents of between 4 and 6 %and 1 to 2 % wat er
relative to the total netal content, such that, in the case of 100 %

i ckel il ' [ -uni f.only 252
266 man g, TROCKAGY SRS G RGuBa RRAF tor BRGIHR oop BT Baltridth &2 1
associ at ed Wniidkel/bindingl @aficleinitas hydadcbattefen A eledtRidheifyal Partdb® cradiqim

whi ch occurs 30 on conversion of 1 -Ni(")(OH)2 into P-N (""OOH during
bat t er yl@&har §phigdustrial yspis capgeity per unit mass. It is a function of the nickel content of the

nickel hydroxide and of nickel utilisation. The interrelationship between capacity per

unit mass Q in mAh/g, the nickel content in wt.% of the cathode material and nickel

utilisation in % EES (one-electron step) is obtained as follows:

15 szt.%Ni-%EES-F (mAh/g]
58.69-3600-10 &

wherein
F= Faraday constant = 96487 ™!
20 58.69 = Molar mass of nickel, g/mol
3600 = factor for converting seconds into hours
10= factor for converting % into ratio figures and mA into A.

This provides a theoretical capacity per unit mass at 100 % EES of 289 mAh/g.
25 Nickel hydroxides suitable for industrial use, however, comprise modification metal
contents of between 4 and 6 % and 1 to 2 % water relative to the total metal cor_lt_;:-nl,
such that, in the case of 100 % nickel utilisation, these comprise a capacity per unit
mass of only 252 to 266 mAl/g. The 100 % nickel utilisation of this nickel hydroxide
is associated with the 1-electron step (and 1-proton step) per nickel atom which occurs

30 on conversion of B-Ni""(OH), into B-Ni""?O0H during battery charging.



t 2 Overcharging of the battery results in further deprotonation andl7 MAR 200
- oxidation of sone of the nickel into Nib'), i.e. in the formation of

y-Ni OOH. For -charge conpensation, water nolecules and alkali ions are
incorporated in internmediate |ayers. Formation of y-N OOH is consequently
associated with an expansion of the nickel_layer spacing in 5 the lattice.

Di schargi ng of the y-N OOH proceeds by rel ease of alkali ions into the

el ectrolyte, wherein a-Ni (OH)2 forns. The a-y transition is theoretically

rovided with a, 1. 67- ciron step, .i.e. 167 % EES. However, this
?. 67- el ect rohvgllc@?fgﬁ’ﬁrﬁc} © [ﬂ%“er%@é}ﬁf’ iyfiether g%’?fon%tlwdt%d"émﬁi ez afn t he
al kal i ne el egf.r IS Bt:abl | Sy : b | Lnto ..
(3N (Or 2, e bl ntoliiT 180 A fordeario BF NI Ko Bdeb) ot Bihspriny
during the awhieDfidlecujesdn@abkaliriafisireiinddrpdyted fid iMetatdditde 1ayeMaFemtativatarl S

into nickel hydroxide it is possible to stabilise the a structure
(pyroaurite)Y- sreonsequenily asseciated vathpany expansier of theunickel ayenspaging iand

t I | | d he! t he njckel h ide | t
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trival ent iowith a h67-sleotrasteplares 167 % BEScHowewkrOthis he7-eRetrbf Bidp Rinndt e

el ectrochemcal ly inactive trivalent ions and on the other hand by the

i ncor por at edusednindwsirialhy singe dhe goNEOH)edn tiroalkalingaelestrnlytode mntteblecendriat | t
i s possible, uspendi.ng .t h urit | ckel ydroxjde,. nodified with
trivalent io ‘gr}(’eﬁﬁé §V I?ﬁ?lpg %@ﬁ%’%&@g F%Wéa%é’é‘dﬂrrtg? WB#‘F’fer‘Bﬁ‘ieai%ﬂﬁlﬁhkal i
sol uti qp andoghiiedubthg thel MIRIGOKE J-NFObH!dAGdphi ch still renains, to
convert the pyroaurite structure into a brucite-type structure while

retaining the 1.67-electron 25 step. In the process, internediate | ayer

ani ons and ter a(ie,rem)ved fromthe |attice, . such that the | ayer spacing
i's reduced, WAiPEOdyRINETRIsALmstalsintg nickel; hydraxided is possible to stabilise the o

structure (pyroaurite). However, in the case of a pyroaurite structure, anions and water
molecules are incorporated between the nickel hydroxide layers to ensure charge
15 neutrality, such that the lattice is expanded. Although it is possible to achieve a stable
1.5-electron step per nickel atom in the case of such nickel hydroxides with pyroaurite
structure modified by trivalent ions, the storage density is reduced on the one hand by
the electrochemically inactive trivalent ions and on the other hand by the incorporated

anions and water molecules.

20
It has now been found that it is possible, by suspending the pyroaurite nickel
hydroxide, modified with trivalent ions, in alkali solution, performing separation from
the alkali solution and drying with the alkali solution which still remains, to convert
the pyroaurite structure into a brucite-type structure while retaining the 1.67-electron
25 step. In the process, intermediate layer anions and water are removed from the lattice,

such that the layer spacing is reduced, while the storage density is increased.

The present invention éonscqucntly provides a mixed metal hydroxide with brucite
structure, which contains nickel hydroxide as its main component and at least one

30 trivalent metal selected from the group consisting of Co, Fe, Al, Ga, In, Sc, Y and La



The present invention consequently provides a mxed netal hydroxide W7ZXMAR 2004
bruci*tte structure, which contains nickel hydroxide as its main conponent
and at | east one 30 trivalent netal selected fromthe group consisting of
Co, Fe, A, G, In, Sc, Yand La 1 7 MAR 2004 3 in an amount of from1l2 to
30 atom % relative to the sumof the rret_ai conmponents i ncluding nickel.
The trivalent metal is preferably present”in an anmount of from 12 to 25
atom% 5 relative to the sumof all the metal conponents. Preferred
trivalent nmetals are Co, Fe and A, Al being particularly preferred.

Parti cul ar | yihtesaewn of froted 2rie 38) atem dpariative torthetsubr of theemetat carbponents
according to; . Lavention contain, in addition to the above-nenti oned
first group E?m%}ﬁé‘gf%%'t netals, at |east one of the elenents Co, Fe, M,
Cr, Ti, Zr and Cu, wherein the element from this second group is different
fromthe trivalent metal of the first group and replaces the trivalent
netal from t e trivalent gnetabisi prefombdynpoesenioin ap ameunDofifiom 42 052 Pateiers,ed

m xed t al L des. acconrdin t he inyention contain Al and Co,

wher ei g%t he g%r%{r‘r’\%@ tsluﬂl%t‘f)a‘l&#’cﬁ’& R to from2 to 4, particularly
preferably from2.5 to 3.5. The m xed netal hydroxi des according to the
invention are additionally determned 20 by a |ayer spacing of 4.3 to 4.8
A det er m nedPmferseditayalantmetalstareGo, FerandrAk Ad being padicukarlygeefemed.ne smal | er
angle O owing to a shoul der corresponding to a lattice spacing of fromb5.2
to 5.7 A The invention further provides a process for producing the m xed

hydroxi des  Partieslady @refarrédmited maER}drexideywitR bhiceei shub@td Qc!éoﬂ{ingi&&lé

hydroxides with pyroaurite structure fromcorresponding netal sal

sol uti dffs, siYERE eantain, inmdditioadp the abovsrmentionad firstigrouy fitrivatant atetals),

separation f | i i [ Y i he r.esence of fthe

separati on Lok Ufic BF il dieiit'th e, ME, A 4L dld &) SvnePbifl W GEmShe fdis
this second group is different from the trivalent metal of the first group and replaces

the trivalent metal from the first group in an amount of up to 40 atom %.

15 Preferred mixed metal hydroxides according to the invention contain Al and Co,
wherein the atomic ratio of Al to Co amounts to from 2 to 4, particularly preferably
from 2.5 to 3.5.

The mixed metal hydroxides according to the invention are additionally determined

20 by a layer spacing of 4.3 to 4.8 A determined by X-ray diffraction. The reflection
diverges to the smaller angle 8 owing to a shoulder corresponding to a lattice spacing
of from 5.2 to 5.7 A.

The invention further provides a process for producing the mixed hydroxides
25 according to the invention by co-precipitation of mixed hydroxides with pyroaurite
structure from corresponding metal salt solutions, suspension of the precipitation
product in alkali solution, separation from the alkali solution and drying in the

presence of the entrained alkali solution.

30 An at least 0.5 molar alkali meta} hydroxide solution is preferably used.



30 An at least 0.5 nolar alkali netal hydroxide solution is preferap?*, |
used:* 1 7 MAR 2006 4 An at least 0.9 nolar alkali nmetal hydroxide so uﬁﬁéw
is preferably used for alkaline drying, particularly preferably an at

| east | nolar alkali netal hydroxide solution. The preferred alkali netal
hydroxi de is sodi um hydroxide. 5 Productipn of the m xed hydroxides with
pyroaurite structure proceeds by production of an aqueous sol ution by

di ssol ving appropriate water-soluble netal salts of the netal conponents
in the desired ratio _and Perforning recipitation fromthe solution by

ad jl usting t hAngtlcast 0@ melay glikali mefabhydrawida gohmien is preferablyhisad dix %ugalineI )
S il t ansous b PR EAReT B Rrid 1PRE | Mt kU WP BB ROMRHE. Y

sol ution to preferesitdlikdli metabkydroxideé s sodiiin Rydrosides t hdr awal of the

precipitation suspension. Suitable netal salts are halides (preferably
fluorides or chlorides), carbonates, sulfates, nitrates, acetates,

oxal ateg, bo : E OV : o]l i ci ent
ol ubi | o1y, - TSt 8k ARAEE RIS ERG: MR EASE Bhuck b Bock Y brptilon
optional |y pbfagniquesust Ssdutig BgidissoRing appropriste Swater-sdlilsle tiigtal Elisabe e
stage, it may additionally be expedient to add oxidation agents to the

preci pi t at i ofettl spmpanents insthe esiceds 1gtio and periermsing peseipitation frony theosolution; t e

or peroxodis fgﬁg ﬂ‘ry% ' - 1Lk b LOXEde ium
hydr oxi de orB%o ut?ﬁl%%g OXI| géfé:?rd;%gl{“ a%fdén%%w%%%gf@éhs ﬁ%“ﬁﬁ’%‘gr rm ng
preci pi tati oproceadimup bydperfordedi discptitiubisigdor Icontiyousydbyi sififitaiedally
expedient, after precipitation, initially to exchange the anions 25 of the

pyroaurt® e sEWRRIYing anstalsait seluipn @nd aikgliihetal hydsoxide selntion iy & xqagtion yessel
carbonate io e f : tJ el [ oduct
N Eh kel i Vi R woRER! O R brBtp R Aarkish REREE uichh offs B
separation f haldeshg@refetably flubfidesr ontlonded)] rarbonates nautfatese Ritrite, aoethies
oxalates, borates and/or phosphates, provided that these exhibit sufficient solubility.

15 In order to oxidise divalent modification metal ions optionally present in the
precipitation suspension into the trivalent stage, it may additionally be expedient to
add oxidation agents to the precipitation suspension, such as for example oxygen,

H,0;, hypochlorite or peroxodisulfates.

20 Ammonium hydroxide, lithium hydroxide, potassium hydroxide or sodium hydroxide
are suitable alkali solutions for performing precipitation. Sodium hydroxide is
preferred.

It may additionally be expedient, after precipitation, initially to exchange the anions
25 of the pyroaurite structure incorporated into the mixed metal hydroxide for carbonate
ions. This may be performed by treating the precipitation product with alkali

carbonate or alkali hydrogencarbonate solution.

After separation from the mother liquor and washing to remove residual mother
30 liquor, the precipitation product is resuspended in an alkali metal hydroxide solution
preferably without intermediate drying. After separation from the alkali metal
hydroxide solution, drying is performed carefully at temperatures below 80 °C, in



30 liquor, the precipitation product is resuspended in an al kali netgy Map 7004
hydr bxi de sol ution preferably without internediate drying. After separation
fromthe alkali nmetal hydroxide solution, drying is perforned carefully at
tenperatures below 80 C, in 1 7 MAR 1004 -5 particular below 60 C, nore
preferably at reduced pressure. The lower_.is the pressure during drying,

t he hi gher should be the m ni nrum concent'riolfi on of the alkali netal

hydr oxi de sol ution. For exanple, at a drying pressure of 10 nbar, an al kali
nmetal hydroxide concentration of at least 1.3 nolar is preferred. 5 The

m xed netal Bpdcsler below( ¢, mnare prefersblyat reducedpressune: Alhe lasgeris theysressare he

i ti t t,h ti Il t starti ter.i al oduci
[t hium i xSHg ASying, e hieher shouid he, e apinfimim copserisation of thy alkaidnetah,
that the m xagdrRidel soldtioll s d@sm ;e,eamwngﬁrﬁr&sﬁw %ﬁa?(?]?nﬂa},tm uﬁeaﬁgﬂpgg“ds

such as lithium hydroxide or 10 TithiumniTrate an e mxture | n
fired at tenmpzdisxidesoncintrationsofat@asti.g molarisprefemed.i n an i deal i sed
representation the electron transitions achievable with the various nickel
hydr oxi des. The top four structures show the Bode di agram known per se. 15
Fig. 2 shows Termikedi friefad CtiydRdkigdae #ithabikitd @by SbAXAAES abtdrGfiealdald nely
in sodium hydroxide solution of various concentrations, accordi ﬁg to the
fol | owi ng ExasNgnton pre) at the same time: ex¢allchtsiggingapaterials for privducing dithivm

atcording 1o HRE PEF biiet LRGuRp riedinoal Rihoghs Piodisd i g Poraauest on

hydroxides are mixed with suitable lithium compounds such as lithium hydroxide or

10 lithium nitrate and the mixture is then fired at temperatures above 600 °C,

Fig. 1 explains in an idealised representation the electron transitions achievable with
the various nickel hydroxides. The top four structures show the Bode diagram known
per se.

15
Fig. 2 shows X-ray diffraction spectra of mixed hydroxides dried alkalinely in sodium

hydroxide solution of various concentrations, according to the following Example.

Fig. 3 shows the discharge capacity of the mixed hydroxide of the brucite type as a

20 function of the cycle number according to the following Example.



5 Coprecipitation of the substituted nickel hydroxides is perfornmed IbyMAR 2004
introducing the mxed netal salt solution dropwise into an initial mxture
of constant pH value. The conposition of the nmetal salt solution, the
equalising liquor and the initial mxture is described here in relation to
the exanple of precipitation of 0.125 nol_of a nickel hydroxide of the
nmetal ion conposition N 4Al 0. 75Co00. 25 af‘%‘precipitation pH val ue of 10
12.5. The conposition of the netal salt solution is nodified appropriately
for other netal ion conpositions. Wth this batch size, approximately 10 g
of dried hydExsmngles are obtained. 15 1. Salt solution: Total netal ion
concentration 0.5 M 26.28 g NiSo4.6 H20 (= 0.10 nol N 2) 12.48 g Al2(SOM4)3
18 H2O0(= 1.88. 10.2 nol Al13) 1.76 g CoSH.7 H20 (= 6.25. 10-3 mol Coe+)
demi ner al i segh wat pfoduerigipke up to 250 ml 20 2. Equalising liquor: Hydroxide
ion concentration 1.0 M 10 g NaCH pellets (99.5 %9 dem neralised water to
make up to 250 ml 25 3. Initial liquor: Carbonate ion concentration 0.5 M

26. 50 Na2 dem | j sed t t . to,500,.m [ t tart of
2 o S R AR B b RS R PPy b e ©
mxture is therdDmtal sA0sdi@tich &RPRAEAhY & Ritiad i bPEoﬁs&nPiaﬁ%% AitleON-

During precipitation, the pH value is neasured and kept constant
vari ati on of corhpositioch ¢fife h@xdal salt solution, the equalising liquor and the initial mixture is

described here in relation to the exampie of precipitation of 0.125 mol of a nickel

hydroxide of the metal ion composition NisAlg15Coq25 at a precipitation pH value of
10 12.5. The composition of the metal salt solution is modified appropriately for other

metal ion compositions. With this batch size, approximately 10 g of dried hydroxide
are obtained.

1. Salt solution: Total metal ion concentration 0.5 M
15 - 26.28 g NiSo, - 6 H,0 (= 0.10 mol Ni"
12.48 g A1p(SO4); - 18 H,0 (= 1.88 - 10 mol AI*Y)
1.76 g CoSO4 - 7 Hy0 (= 6.25 - 10™ mol Co?")

demineralised water to make up to 250 ml

20 2. Equalising liquor: Hydroxide ion concentration 1.0 M
10 g NaOH pellets (99.5 %)
demineralised water to make up to 250 mi

3. Inmitial liquor: Carbonate ion concentration 0.5 M
25 26.50 g Na;CO4
demineralised water to make up to 500 ml

prior to start of precipitation, dropwise addition of 8M NaOH
topH 12.5

30 The initial mixture is thermostatted to a temperature of 34 °C prior to precipitation.

During precipitation, the pH value is measured and kept constant by variation of the



equalising liquor addition rate. The stirring speed during precipitatifohMAR 2004
anounts to 300 rev/imn. The salt solution is added to the initial mxture
at a speed of 5 m/mnute using 5 diaphragm punps and the pH value is kept
constant at 12.5 by the addition of the wequalising liquor. After
conpletion of precipitation, the precipitate is allowed to age for 18 hours
at roomtenperature without stirring. 10 The precipitate is centrifuged
off for 10 m nutes at 6000 rev/mn, the remaining liquor is discarded and
the product is suspended using a stirring apparatus in a litre of washing
| i quor (NaOréquelising digupi additiom ratel FThe stioingt spepé rduting eprécipitatiypr antourdts %o NUt es
and t hen cen_;éjroifu ed off again. This process is repeated until the anion to
be washed 15VdGY™%n no | onger be detected. After the last centrifugation,
t he washed gel is suspended in 200 mM of sodium hydroxide solution of a

gi ven concentration according to Table 1, stirred for an hour, centrifuged
and dried wiTle sdieselution hedddédyteotheainitid) rixiure at vaaspeed joft 5 waldninute Gihg 20

proceduge is,.here designated al kaline.drying. In the products, . the degree
of convér Si oﬂaﬁwﬂé’é@ﬂ’ﬁ they V?l')'?‘ﬂrl%%ﬂe‘%ﬂ‘étﬁmc@n%ﬁtby ¢ 3ddigioniqfethe

suspensi on Iéqqgw%gjﬁ@&brg Fig. 2). Thus, after drying, a pyroaurite type is
obtained fromO0.03 nolar and 0.1 nolar liquor, while a spectrumwth |ow

brucite content is obtained fromO0.4 nolar liquor. During drying fromO0.7
nmol ar |iquor, .conver.si.

on nto.t. brucite.type.is, virtually_co ete. 25
The rati o of AL SIPIRHER of Ristip B0 P RIEHEMATGE LA i 88 fo, T bours at
treat nent. Tﬁ&gﬁbteﬁﬁeraﬁhblmiimbu{gtﬁﬁngi ssol ved out of the substance by
al kaline drying. The brucite type oObtained differs fromthe conventi onal

brucitd0type in that the 001 reflection is shifted somewhat to smaller d
TRERIR . ¥ e TR ECRARER N M R AT N
expansi on of st discakdeind BRChdduétSlsadusydhde® ushig £ Qfifflg MIpAFithe it WPlire of
washing liquor (NaOH) of precipitation pH at room temperature for approx. 3 minutes
and then centrifuged off again. This process is repeated until the anion to be washed
15 out can no longer be detected.

After the last centrifugation, the washed gel is suspended in 200 ml of sodium
hydroxide solution of a given concentration according to Table 1, stirred for an hour,
centrifuged and dried with the attached liquor at 50 °C in a water-jet vacuum. This

20 procedure is here designated alkaline drying. In the products, the degree of conversion
increases with the hydroxide ion concentration of the suspension liquor used (Fig. 2).
Thus, after drying, a pyroaurite type is obtained from 0.03 molar and 0.1 molar liquor,
while a spectrum with low brucite content is obtained from 0.4 molar liquor. During
drying from 0.7 molar liquor, conversion into the brucite type is virtually complete.

25 The ratio of metal ions to one another does not vary through this treatment. Thus, no
aluminium is dissolved out of the substance by alkaline drying.

The brucite type obtained differs from the conventional brucite type in that the 001
reflection is shifted somewhat to smaller d values of 4.56 A instead of 4.63 A. In
30 addition, a small shoulder of the 001 reflection arises in the area of 5.20 A, which
indicates a partial expansion of the layer spacing relative to the normal brucite type.

With a pure nickel hydroxide, these deviations from the known brucite structure are



Wth a pure nickel hydroxide, these deviations fromthe known brucite” AR 2004
structure are 17 MAR 2004 8 not found after al kaline drying, the 001 peatﬁI

is at 4.63 A and there is no shoulder at higher 4 values. The nickel
content of the Ni 4Al 0. 75CoQ 25 hydroxides increases with an increasing 5
brucite structure proportion (Table 1), does the pycnonetric density.
Tabl e 1: Analysis values for N 4Al o. 75C00. 25 hydroxi des with pyroaurite
structure (top) and brucite structure (bottom 10 Drying liquor for Ni ckel
content Ni ckel : carbon Ni ckel : hydro- Pycnometric N 4Al o, 75Co00. 25rati ogen
rati odensi t yn@.fognd afiet dRalbicabying, tik:001 18K is3at8663 ASargl there(s Abhodider at
%d:0.0761: 3. 713. Od'-S /cm 1. OW9. 1694: 0. 0711: 3.583.21 g/cmlIn pyroaurite-type
ni ckel hydr ot VPHE- hydr oxi de | ayers have a positive charge owing to
the partial substitution with trivalent cations (A13+, Co3+ or Fe3).
Because of the necessary charge equalisation by carbonate ions or other
ani ons, the Thaasickg! ebntehieof ithyel NasAlolsCoay elnalréxides tmoecasesotviithran sncréadimged t o
7.8 A I.n addition, water npl.ec 5 are located in the internediate

| ayer. Pn or QR SUCIVre fropg ?ﬂ/dagfcoﬁ’ @sociqeﬁgmd}y&etpqlgmc PElBt ure, the
positive charge of the hydroxide |ayers nust be dissipated. Parti al
deprotonation of the hydroxide ions is adopted as the nmechani sm for

di ssi pati ng Iableghi n | &palysishanalpes Tori NipAhedio ¢ dutdioxides ewith apgroaditeg t o
the 20 followng pr 095 re (top) and brucite structure (bottom)

Drying liquor for | Nickel content | Nickel : carbon | Nickel : hydro- | Pycnometric
NisAly 75Cog25 ratio gen ratio density
0.03M (pH 12.5) | 45.03% 1:0.138 1:3.85 2.65 g/em’
0.7M 46.66 % 1:0.076 1:3.71 3.05 g/cm’
1.0M 49.16 % 1:0.071 1:3.58 3.21 g/em®

10
In pyroaurite-type nickel hydroxides, the hydroxide layers have a positive charge
owing to the partial substitution with trivalent cations (Al**, Co** or Fe® ™). Because of
the necessary charge equalisation by carbonate ions or other anions, the spacing of the
hydroxide layers from one another is widened to 7.8 A. In addition, water molecules
15 are located in the intermediate layer. In order to achieve conversion to the brucite

structure, the positive charge of the hydroxide layers must be dissipated.

Partial deprotonation of the hydroxide ions is adopted as the mechanism for

dissipating the main layer charge. This process could proceed according to the
20 following programme:

1. One hydroxide group of the main layer is deprotonated per metal(III) ion.

2. The positive main layer charge is dissipated by the removal of H' ions.
25

3. The negative intermediate layer of water molecules and carbonate ions is then

no longer necessary for the electron neutrality of the structure and may depart.



25 1. One hydroxide group of the main layer is deprotonated per fbw‘m‘
ion.” 2. The positive main | ayer charge is dissipated by the renova

ions. 3. The negative internediate | ayer of water nol ecul es and carbonate
ions is then no |onger necessary for the electron neutrality of the
structure and may depart. 1 7 MAR 2004 9 51 The | ayer spacing reduces from
7.8 Ato 4.6 A The conpletely converted Pproduct (drying from 1. OM NaOH)
has a pycnonetric 5 density of 3.21 g/cnB. A pure nickel (l11) hydroxide
produced according to the sanme precipitation paraneters has a pycnonetric
density of 3.57 g/cnB. If 17.65 % of the nickel ions in this pure nickel

hydr oxi de arg rep %81 r '| pg fzo, Ni 4Al 0. 7SCo0, 25, by

|l i ghter al umﬁnl umlrlﬁgn %ﬁ%& Si yc%?“’@l.h%‘*g‘;’%amy be obt ai-ned by

cal cul ati on, which corresponds well with the neasured val ue of 3.21 g/cn8B.
10 b) Exam nation of cycle behaviour To test electrocheni cal properties,

gal vanost at i dhe [fammp ﬁ@Ya‘FR!W@Wt%d: pEadyich (driving frpmr i@MnNﬂOIIDhM KQpycpemetit as
h | | A 50 f
o aphi . anddsity e R el e iR 5 thion Brofued. et e Bkt e

into nickel preipitafion Fhragerotges pyémddc Bonsity o’ft3§7 %rrﬂnﬁ" 1163 %Bfthe
charging for 12 hours, at _the sane current stren Di'schargin

performed w Bigkel iangrinethis grrepnickelphydsoxide re sed qm& taag@ﬂmg 0. e\/foagalanst

Cd/ Cd(OH2) o | 1 he

Ni 4Al 0. 75000%?5%? ﬁ%r‘%‘%’]c%‘gnﬂﬁy%d&%r ggu&%"lbgl g’fﬂé’g(v) it ‘N? H}éﬁ%ﬁ’ﬁh

ni ckel utili saltulation, sviostecoriedporids widll with temesped daluedf3. rﬁ?um capacity
per unit nmass of 313 mAh/g (Fig. 2). The nickel content this materi al

am)untswto 46.7 % At 147 % nmeaxi num ni ckel utilisation of the

NI 4A1°0. 75Co0p25 bigyGintfatib¥ BEcycte Bdhadioi?! Ue

To test electrochemical properties, galvanostatic charging and discharging was
performed. 10 M KOH served as the electrolyte. 100 mg of the active material were
15 mixed with 50 mg of graphite and 3 mg of PTFE powder, ground to a dry paste and
incorporated into nickel foam. Forming proceeds for 14 hours at 5 mA and further
charging for 12 hours at the same current strength. Discharging was performed with a
current of 2.5 mA to a cut-off voltage of 0.9 V against Cd/Cd(OH;) or 0V against
Hg/HgO. During cycling in 10 M KOH of the NisAly75C0025s brucite produced by
20 drying from 0.7 M NaOH, maximum nickel utilisation is over 147 %. This
corresponds to a maximum capacity per unit mass of 313 m Ah/g (Fig. 2). The nickel

content of this material amounts to 46.7 %.

At 147 %, maximum nickel utilisation of the NisAlp75Cog.25 brucite type is of a value

25 similar to that of 144 % for an NisAlg75Co025 pyroaurite. However, since the nickel
content of the brucite type is, at 46.7 %, 6.1 % higher than that of the pyroaurite type,
at 44.0 %, the capacity per unit mass thereof is higher, at 310 mAh/g, than that of the
pyroaurite type, at 290 mAh/g.



25 simlar to that of 144 % for an Ni 4A10. 75C00. 25 pyroaurite. Howevér/, MAR 2004
since the nickel content of the brucite type is, at 46.7 % 6.1 % hi gher
than that of the pyroaurite type, at 44.0 % the capacity per unit nmass
thereof is higher, at 310 mAh/g, than that of the pyroaurite type, at 290
mih/g. 1 7 MAR 2004 -10 Cains 1. 5 2. 1943. 15 4. 5. 20 6. 257. 30 A ni xed
nmetal hydroxide with brucite structure containing nickel hydroxide as its
mai n conponent and at | east one trivalent netal selected fromthe group
consisting of Co, Fe, Al, Ga, In, Sc, Y and La in an anount of from12 to
30 atom % r&M®Sye to the sumof the netal conmponents including Ni. A
m xed netal hydroxide according to claim1, additionally containing at
| east one of the elenents Co, Fe, Mh, Cr, Ti, Zr or Cu which is different
fromthe trilval eAtmixed aetalihydmaiderwitinbruofte stpudnere tontainirip Mcka lhgtiokadet t he
sum all the netal conponents. )
its main component and at least one trivalent metal selected from the group
5 consisting of Co, Fe, Al, Ga, In, Sc, Y and La in an amount of from 12 to 30

atom % relative to the sum of the metal components including Ni.

2. A mixed metal hydroxide according to claim 1, additionally containing at teast
one of the elements Co, Fe, Mn, Cr, Ti, Zr or Cu which is different from the
10 trivalent metal, in an amount of up to 15 atom % relative to the sum all the

metal components.

3. A mixed metal hydroxide according to claim 1 or claim 2, containing 12 to
25 atom % Al
i5
4. A mixed metal hydroxide according to one of claims 1 to 3, containing 4 to
9 atom % Co.

5. A mixed metal hydroxide according to one of claims 1 to 4, exhibiting nickel
20 layer spacing, determined by X-ray diffraction, of 4.3 to 4.8.

6. A rechargeable battery containing a mixed metal hydroxide according to one

of claims 1 to 5 as electrochemically active material.

25 7. A process for producing mixed hydroxides according to one of claims 1 to 6
by precipitation of mixed hydroxide with pyroaurite structure from
corresponding metal salt solutions, suspension of the precipitation product in
at least 0.5 molar alkali solution, separation from the alkali solution and drying
in the presence of the attached alkali solution.

30

8. A process according to claim 7, wherein at least 0.9 molar sodium hydroxide

solution is used.



A m xed netal hydroxide according to claim1 or claim2, containing?1Z2MAR0004
25 atom % Al. A m xed netal hydroxide according to one of clains 1 to 3,
containing 4 to 9 atom % Co. A m xed netal hydroxide according to one of
claims 1 to 4, exhibiting nickel |ayer spacing, determ ned by X-ray
diffraction, of 4.3 to 4.8. A rechargeablﬁ battery containing a m xed netal
hydr oxi de according to one of clains 1 t0 5 as electrochemcally active
material. A process for produci ng m xed hydroxi des according to one of
claimse 1 to 6 by precipitation of m xed hydroxide with pyroaurite
structure from corresponding netal salt solutions, suspension of the
precipitatio pro%gg{oci n_ at least. 0.5 nolar glkali,solutjion, separation

|

fromthe alkali s B35 a5rording P clpimy 1,0 elaim S whcrein precipiation is asHermed kal i
sol ution. 8. A prg¢aRprécatd 68 d§ddidnGlz@ies) 7. Wherein at |east 0.9 nolar

sodi um hydroxide solution is used. 177 MAR 2004 -11 9. A process according
toclaim7 or claim8, wherein precipitation is performed in the presence
of oxidation.agents. 5 to. A process or di o one.of claing 7 to 9,
wher ei n%t he preci gt PEFEY qﬁcgl‘lglgr}g %%%ﬁ?ﬁa@ﬁ 29%§swg‘ﬁ@€athemfe'apﬁ@ﬁ¢bp@kel

sol ution prior tohyyeRAIRSisOMspéhdali KAl darboitelidifion PA ryand
washed. 11. A secoZda_ry batteir)y cont aiafli ng a n‘ixendﬁrrgl?g?ts gp%%‘ﬁ% !
according to one &¢lution, separated therefoors and washed.

11. A secondary battery containing a mixed metal hydroxide according to one of

10 claims 1 to 6.



