;, cde3eSP\ (f 6T6<% y WO 99/40029 -1_ Process for preparing |ithium

transiti on neweldaenes - 5 AUG 2002 The present invention relBITERPIBOSIAD
procekss for preparing lithiumtransition netallates of the general fornula
5z LiX(MyM~.y)n-nz s wherein 10 M repyesents nickel, cobalt or-§ Ayp 2002
manganese, Mz represents a transition metht which is different fromM and
is chromum cobalt, iron, manganese, nol ybdenum and/or alumnium 15 nis
2if M is and nis 1 if or cobalt, wherein x has a
val ue fromO. orprepaping lithiym trz ; 8868 and 1 and 20 z has a val ue
between 1.9 and 2.1. These types of lithiumtransition netall ates are used
as el ectrode terials, in particular as cathode t.erials.for ngp-aqueous
b um st or a8 aenenyerPoblale: s Blo R FEy P THEPoR SR AR
nunber of prahogaiesal fiewellal ready been made rel ating to net hods of
preparatiof of these types of lithiumtransition netallates, but these are
mostly unsuitable for |argescal e production or |ead to products which have
i nperfect el ectrochem cal prblp(éﬂlpMzes).noso The use of LiCo02 has recently

gai ned acceptance, but this is extrenely expensive due to the limted

avai lability, and thus high price, of cobalt and is therefore not suitable
for mass prod¥R¥¢Bn (e.g. to provide the power for electrically operated
vehi cl es). Therefore intensive efforts have already been nmade to repl ace
all or so f,the 35 Li CQ%Z ngg for exanple, LiN 02 and/or LiM204 as a
cat hode mtd elMlal . TepiessnEspydiehSoRYt or MEBABYHEA0029 PCT/ EPISI 05150 - 2

Synt hesis of the correspondi ng cobalt conpound Li CoO= is generally regarded

ag a non-cri ty.cal edur gﬁ]et t,he, t her st.api Li of, LiCoQz. it is
even possi bl el\,/[ Wi trﬁﬁrg?cfiflgs gf‘}’rsatn P ¢ et?leggjt&c%@f?m taﬁ%%nlggeangnla ﬁ%??‘ﬂ‘i“mm
carbonat e, as reacwbalf ivonpengamess, moiybdenuny azd/oratminiwel y hi gh t enper at ur es
w t hout troubl esone concentrations of 5 carbonate being left in the final

product .

n is 2 if M' is manganese, and n is 1 if M' is nickel or cobalt, wherein
X has a value from 0.9 to 1.2,
y has a value between 0.5 and 1 and
20
z has a value between 1.9 and 2.1.

These types of lithium transition metallates are used as electrode materials, in
) particular as cathode materials for non-aqueous lithium storage battery systems, so-
25 called lithium ion batteries.

A number of proposals have already been made relating to methods of preparation of
these types of lithium transition metallates, but these are mostly unsuitable for large-
scale production or lead to products which have imperfect electrochemical properties.
30
The use of LiCoO, has recently gained acceptance, but this is extremely expensive due
to the limited availability, and thus high price, of cobalt and is therefore not suitable
for mass production (e.g. to provide the power for electrically operated vehicles).
Therefore intensive efforts have already been made to replace all or some of the
35 LiCoO, with, for example, LiNiO, and/or LiMn,0O, as a cathode material.
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The transfer of this nethod to LiNi Oz has been possible only at

t enper at ur es wfo $PO@st o 900C. These hi gh cal ci nati on tenper apar/ER9s/dss0eVer ,
| ead to partly deconposed lithiumnickelates with relatively | ow stoT:gg
capacities and/or unsatisfactory 10 resistance to cyclic operation.

this reason, carbonate-free m xtures are'&r’oposed for preparing LiN Qz, in
whi ch, in nost cases, [3-nickel hydroxide is favoured as the nickel

conmponent, s.is_.described, for e in US-A 5 591 701
508 5 bower Suufireit 8f His omsspondingcisbat SompaIAbLICosh s s9nTali A Ed s 5
522-524. Mor eﬁMﬁEmtldamprddécﬁn@fDuUt@'ﬂ&Hth@r’ﬁieﬁletalm&' @ﬂr_ﬁ@oogzqomad @lssibme A 7
105 950 and t égnr ckel aEtydroxr de EI QH in DE A 61. Accordi ng
to US A 4 56718 iys ThdO Tact fighal r3angend I ?}Pep%rr@alaﬁyawaﬁmf%moafrt&n of
20 sol ubl e |i tineathyn andelatioelgi highn temgiepdtures | wishdut otfoubhddsuine 0 noncdntyatiogs t e

sol ution apd I IV, |y divided crystals of the lithium
transiti ongrregarwﬂa?e % eg ?g}} nfgn&yPJOd'tlﬁr s way at conparatively |ow

calcining tenperatures and within conparatively short tines. The allocation

at i ce, - howoyt BaRgiar s g b Suc) et PR ot B Gl EREIE

ni ckel ions oar:smrd ThideUtiizh @¥Rinatiéi tenfRraa@es, tHoweser NéadMb GRrte tédmpbheds e

t ypes of crys s hay unsatlsfa tor roperties with regard to their use
as el ect rodes1 eBiikslgEs pvh bﬁ‘*’t?%t’é(F%’e&WO?tﬁ@rge p?%’é@gg*’es‘maﬁb unsptefagieny

EP- A 243 936, reﬁ?tﬁc@t%‘fcymc?bp@itﬁfnt with solid, finely divided car bonat es
oxi des, peroxides or hydroxides of the initi aI nmetals. The intimte m xture

I $ prepared by joint mlling of the starting netals. 30 The fornmation of

| 1t hi um t ransFor this reedoa) ta{bcﬁmtd—ﬁknemimhmserehyombd &rdiréﬁaus'g dmN@g rmghlch

cal cination. Soli dt dr ffu ) {ﬁﬂér )rdgs gtV %%51( ? yres. and
conparativel y 1 151,95 nhé(e g gr oaf ‘5% 5 f tSBC as is

phase- pure Irﬂmﬁmdmdsxeé:daﬁq)mmvmsm sw@stsaeﬂEP@ 'ﬂjle293t;0n1>c9w¢1rsmede§|5e9(95)
Ext ensi ve qgbservations a r to prove that, in the case of the nickel

P
system ddeonpdt?ited (8F) OB SANS Dr 225 pponero i use PETICERGBI G130 3
“SALI6t' 0" ~ phigslHehin@inéd HH BN aNrbsN59 dnd tl'ldi“o}”b ey drogidP NeOORGRDE-
t her mal treatx:e&pl%e&tenperatures above about 0C. Therefore, in order to
intensify the i m Xi ng procedure, it has al ready been 5 proposed,
according to EP-A 468 942, to start the preparation of lithiumnickelate

D ouer e S P 5T Ve B ol ERERE e BNl

suspensi 020by sdpblayhtﬂmm mgd tEnsitios hoethld salsaffomosalutiang ulrying nthe rsofutien and

calcining t and .c |
sol Ulb' : ' '?y gf atl i Qeﬁingklgg dpqyn}aﬁ‘ylwa#g&ta og\lrfevhgrﬁtmifrrxE %oglrr%&gr%?t%ﬁ% ™10
this mxture P‘stalnie@n meéhls USBYA % snpasatiyelyr dpybsealcining | teﬁg)eéﬁtlgmdemthm

oxygen- cont ai Eﬁrﬂﬂaﬂt‘i\%'l}s Ishdr® HnkR! dhe Cé?l%@ﬂiéﬂdofv"hih'ﬂuﬁ'énﬁ' #Asitoh! Ak 36 fohen
cal ci ni ng under arl ]gah The adva e of th@ Br oceés is the {gr
mel ti ng poi nt PHHCEIAE iV‘t’:TFn‘ the, crystal 126‘&& Vel &5 1storted 50 ithat; toeh BI85 xi ng

takes pl ags aéitert, hnelaélum dcOupyf Iithivek RYE 1etticSPEkRidng ahdd @ick Yerth.Ofhese @pep@fnsr on
of transition net fummnitr

reaction wit h®PR2 Ps "edunsf‘hé*%%‘f”éyam/’é’ﬁﬁ&aew%‘? Tegard tBr@’E’és'éser I§S t‘#ﬁ& e&uV’r ng
cal ci nation, rdaharge@drsbamrleaﬂhbr(prmﬁssemEIN@)QOS@)S HP-Am243 821 &PeA 345 79%)cape

| | t
o0 e Y Mt 8 S ) 0 PBLUASSREARIAR o RgbBed B P ©
the ot her haninitéal Insctels fI:lw igtimplermistir i preparedsbinjointpnidlingnef the starting metals
concent r agyonThdl ff&ﬁﬁ%ﬂ it ﬁa&sﬂﬁm%%gitéé faked ng%!:@a Bé sgﬁ?” ﬁff&'i&r  during

i nterruptions in cal ci.ni ng process.and I nter nedi 'ing t
hormogeni se t healpiBalian. oPokgdt iffugionyr geqpies cgRMpB#HIvelC c Bighi ﬁswerawemerdd be

desirable to @&ﬁﬁ@ﬁﬁw}al&gr&a&mﬁg tﬂe@mmmdagmbg@heraw 1684 #OpHale-Pavéaitiium
beneficial effect on release 8 ases Bgodu%@(gurr‘ﬂg reaction, ?ﬁr;roduct
hormogenei ty afgtallates vadh qutstandin Bi5i P18 Ive, qRsenyaiionss amped 10 ng
30 bed confli plovewhith ih ke kace ef the)\n&ckell bystegn,| décompositiompdubiiEOs with adse
lithiumnitrate or |ithium hydroxi de because these would then formthe
expected viscous nolten suspension with the transition nmetal conpound and
caking woul d occur at the limting walls of the noving bed and the product

woul d become aggl onerated due to the production of this suspension during
the course of reaction. 35 WD 99/ 40029 ~ PCT/ EP98/ 05150 -




-5~~16~'~1? It has now been found that aggl oneration of the product and
caki ng at thewbiagisbd2ag wal | s of .t he novi ng bed can be avoi depcT/Erdsis1so
transition nmetal conpound is used in the formof a powder with a specific
surface area of at least 10 nz/g (BET), wherein, before calcination, the
transition netal conpound with a |arge spécific surface area is 5 =5 AUG 16
i npregnated with the solution of an oxygen-containing |ithium conpound and

the solvent is renpved_ by dryi As .a re ult. of the high cific surface
area, the traPrefestioR ﬂ’é erﬂg%ds ﬁ%‘\%@ ﬂ‘?“&bp@lqr’@e‘éb@wgﬁt‘ﬁ"empi’rtth?tum

conpound i n syeh-AnwayYatdobatbdut 960¥d, nuous phase cannot be 10 produced on
heating to a tenperature above the nelting point of the Iithium conpound

and caking of the transition nmetal conpound powder which is coated with the

l'i t hi um conpogingefold, tih otr&k? t¥ahienQfy ﬁl‘%%ﬁﬁﬁﬁ:t ﬂfxn?é gi’&?:lecllméslt Ufas tal¥@adjoNEiar

particles with each other, is very 15 Accordingly, the

i nvention ﬁroR}’PH‘é? oEPIgHEe BPoA 46?86%%19 ﬁénlﬂil? memmcrnaqfé}tmuwnﬁﬁ af Mihes of
the general fgdvadred hicméll\w&é or_w&r@xme 218 éﬁilﬂfgethe Idereme{ @Ssaﬂirste@um{i@h

bal t t
7ol ybdenum o oﬁ%ﬁgﬁﬁﬁw% o5 ERhgdbe Ralen EbriRe Bispipsiony 7ay gt T
ganganese ot shenld lsad fo a redustion inuhdedlcibmptinanar(d &lmmdig ten2per@firey Dus tcaltheu nmber
t 0.5 2.1 5 i
an int i o AOAaes 8P Sshpx SINIR RS RS R Pt olefe e dopebiS i "an

oxygen- cohbai ﬂhlsnglmlreliﬂlumtcdnrrpound whi ch has been obtained by treating a

solid WD 99/ 40029 -s -5d~i ~f~ powdered transition nmetal conpound with a

ﬁl ution of the lithium conpound and dryin characterised in that at |east
e M conpouH8-A S 88kd48 rprepases srllingfa aowgméaroxmnrpoat%rpég|tra|n§1tlgmrm%1e

area of at 'e&?ﬁpolﬂd%ﬂﬂltﬁﬁﬁﬂmﬁt@%&ﬂieﬁ'dﬂﬁe%ﬁ%‘uﬁd%r &?Irfeﬁrgﬁdrﬂe'hd%mg@cﬁg
bed. 5 The M conmpound preferably has a specitic surface area of at | east

25 ne/ g, partihcmp@pﬁs; iprthe é‘P\&bnﬁ;ltl@B ppishof litliiupp nigrate 266 Ui whichaneangdbe as
preferred .ansiti.on und cke

ot cutaty PHERE Plfihe TR ng 8 IR AeDindlle” i srBPLO AR oF 407 fomy of pea o
60 to 80 mZ/ gsuspersimt of tlansitign mietdlepatitlys urs emgltenslithinal diratef wihichh ésotmeen
obtai ned as d A5 391 265. If yis less than 1, at |east sone
of the MZ traﬁg‘lﬁdlngﬁ%rr@t@g{ﬂﬁ%onpound is preferably used 15 in the formof a
m xed hydroxide of the formula (M~ M, _Y)(OH)Z The value of y should

preferably bergy Qﬁﬁcﬁfanfagél@f 9n§pro@@§st1é %’t 3Ju|rﬁ‘1g RERIHLSD tHe §hReFEEaskd @S 9
Li t hi um hégm ﬁl de 85]% hi um ni trat é be used as Oxygen-contal ni ng
i t hi um céhpo 0, 8s’é°ta?séa&?r & e‘i’sﬁﬁeyoﬂ]iyx Y vilewlyy Heomp rtgﬁs‘ilfqoéiﬁ TReMeR|
conpound i N  suspension so that the intimate contact required for the solid reaction and diffusion is
hindered and on the other hand only a few suspended particles are present due to
concentration inhomogeneities in the geometric spacing. Therefore, interruptions in the
) calcining process and intermediate milling to homogenise the reaction material are
25 required.

Accordingly, it would be desirable to perform calcination in a moving bed, which
would have a beneficial effect on release of the gases produced during reaction,
product homogeneity and the residence time required. However, the use of a moving
30 bed conflicts with the use of low-melting lithium compounds such as lithium nitrate or
lithium hydroxide because these would then form the expected viscous molten
suspension with the transition metal compound and caking would occur at the limiting
walls of the moving bed and the product would become agglomerated due to the

production of this suspension during the course of reaction.
35



20 aqueous solution and then dried and granulated. Lithiumnitrate is used
as the preferweadsmegen-cont ai ning |ithi umconpound. The aquROUEPB@SLMI on
of the lithium conpound is preferably used in a concentrated form in the
case of lithiumnitrate as a nore than 35% strength aqueous sol utian, | mﬁS
According to one variant of the process aécor di ng to the inventi oﬁ,5-%u52'

| east sonme of the MZ transition nmetal conpound may be used as a sol ution
constituent ip.the solution of the lithi.umcgnpound for inpregnatjng.the M
Lransi (i on melidies GGRGRERJouR that agelpmeralian of e arpdickiapd el o dhes e
powder ed tr anwhlld efthemioaingtetdpanbelavddedds thexadsitibn Metaheorspduidiiovsedfin thee
lithiumconmpopnd, mith stirring and then the saolvent, .inparticul ar water,
5" removed by Pt PORRY Vi ERlthe aiPRed Bp o ol i€t DL IRES glierdifat on
or m xer aggl bosfercataicimation, the traysition mdtahecrepivald with & lage sgifiorserfatecarsi me of

| ess than 200; I r r e 3 Nagt.d I V] ed
may be per% orlrl?@gk ?’%‘teg ﬁ) atp‘ie/qﬁlluﬁgn %g%l ul %ggﬁ%@?gégbgﬁbg%go%d%ﬂg
fall-shaft respdvast israwared hy drying. use of a rotary kiln is particularly
preferred. WO 991 40029 -6 PCT/EP98105150 - 5 BUG In this case, the
granul es are introduced continuously or batchwi se ,into a preferably .

el ectrical |y feareltofiths blgkispwﬁwrfap@ateédthe\m%or} B§talj eorpround powder 5. 5 t o

Do o1 Al SO R B e e b it e
prefera 0 , particul ar refer 0, : en

heat fng t 48" FoMRedoneatia B empratieatolt derosledoeiar it b gompound

t errpﬁr at ulr e raﬂg&ldﬁgcuﬂtb@hawttdﬁ&naell cfjdnbim)uﬁ@ powdafwhibieis doh!&g wnmmmqumﬁbrp

to the calcination te ratur ou e trayers as rapidly.as .noss e.
abcor di ngly. TR TG ane Hefof i teaehb B2 8% B thedRon R iR it By
ki | n whi ch hasthel, isesdylabgebnsuyppesseedt ed t o t he cal ci nati on tenperature or
into a noving bed which has already been preheated to the cal cination
tenperature. If lithiumnitrate is used as the oxygen-containing |ithium
conpound, 1®heArsprdinglye the invsntionepwodifdeped prretrsnitior nrepasing elithivmt Gansition up
to 200C, prefgeahhids d0BEgbRrA8Rmuid f | thi um hydroxide is used, preheating
may take place up to a ténperature of 350C. Calcination may be perforned in
an at nosphere which contains up to SO% oxygen, for exanple air. Calcination
is preferably perfornedenquﬂght%gst two thirds of the 20 cal ci nation
time, under a substantially oxygen-free inert gas, for exanple argon, wth
an oxygen content of less than 5% in particular less than 3% 1In this
case, the2fi xwhereini s cal ci ned under an oxygen-contai ning gas for the

remai nder of the calcination time. If the noving bed is operated in a batch
process, the atnosphere can be exchanged for an oxygen-contai ni ng

at mospher e afMer peebEses pickelt cabalior manganese, r ds of the cal ci nation 25 ti ne.
If a continuously operated rotary kiln is used, an oxygen-cont ai ni ng

at nosphere or_gxygen may be introduced, preferably in the last third of the
Kiln, using M anc@PreAe%?w*Hnglwogﬁlé IfoRy BaRgagRse; molybdentim gr gygunigmeand,
perform p@st - cal ci 3alot fBntivallRyM{n oxygen-cont ai ni ng at nosphere in a
separate noving bed. 30 In the interests of ensuring a narrow di stribution
of residence tinmes during calcination, batch operation per se is preferred.
However, it is al si32i638iibmangamesesbthemdsel,suf ficiently narrow range of
residence tines with a half width of |less than one quarter of the average
residence tinme in a continuously operated rotary kiln by inserting

appropriate X is a number between 0.9 and 1.2,
30
y is a number between 0.5 and 1.0 and
z is a number between 1.9 and 2.1,

35 by calcining an intimate mixture of oxygen-containing transition metal compounds and
an oxygen-containing lithium compound, which has been obtained by treating a solid



35 baffles with a tapering cross-section in the rotating tube. WO

991 40029 PCTMEPIB4008150 Fol | owi ng cal ci nati on, the powder ®dTIEPY$i65050
transition netallate emerging fromthe noving bed is cooled to room
tenperature (less than 100C) and subjected to gentle mlling. SuitRalens
mlling devices are, for exanple, those which use the shear effect of a
hi gh speed gas profile, when crushing is achi eved by particle-particle

i npact, such_as f|UI sed d count ream croflu i sed
1 ng. M | PONGEIRS ApaHER mety Sobmoupdaiin pthion ah ik, Rl Ehgnpi asd
fraction) dommg; charaetessedde thaa bt Jeadt ¢hesMZ eorapoulid is asedSn e ﬁbmmftaegowder
According to parti IarI r ef t he..invention,,the fine
fract i on f r oMl ek sBract Rbror LI 18R T8 IRD sl el bl SR s Res i«

t he powder ed mayingiead- cont al n| ng transition nmetal conmpound and then treated

together 10 with the solution of oxygen-containing Iithium conmpound and
dried, i.€. inpregnated. Lithiumnitrate is particularly preferably used as

t he oxygen- cJﬂi@aINﬁ?n%gnpqunﬁmnfecabﬂwpd@ma vaeﬁq\lmf@}‘&salleél@fagédeadw%ngl /8,

cal cinstion F)Qrtitcmaﬁy?)?e?ﬁ'ab@ apreggtqbqipy%/ absorbed in an aqueous |ithium
hydroxi de sofution and the’lithiumnitrate solution produced is 15 used to

i npregnate the powdered transition netal conpounds. Fig. 1 is a schematic

di agram of aHidedxeddsase a¥¥aQE ipfaTertkedai’ rARitRMaRaAL conipPoandd. Micked hy@oRideed Ng
l'ithium n| ckel ate. The pre-m x production unit A _consists of a stirred

cont ai nerl0 i pasiepledy @rezfm/eds Brricks! hydiepide witha sprsifiersvnface arae of §0ue 88 M7 s
initially placgghicdfy ]Fk’g&rm Gl &géélhlw fdt M@%&?Mﬁﬁ%@l af uegahsé% @S’Si( oxi de

with an averag3r part|c si ze of m and a specific surface area of 65
n2/g. The sl ard® 28Btained is dried by spray drying and introduced into
rotary kiln B as granules with an average particle diameter of about 100

Vim The contgen of t sinter tenperature r an, inert
) Gas Tor pr & bideyhan ot il sne of hede it Bl oBpeid b arstabaSt gor
at nospherig camt}%fdm ofpnsized hipgroaide aifths forenda QM )(O1F),2Thée val®%foxygen.

In-a il o sapadhdahiy SR E B0 By Bty é*aeé sBBRATET 1 2se ¢ han

40 pmand the fine fraction with particle sizes of less than 3 p,mare

separat ed by Lfi’t'himﬁ 'lm?&x%kfdb%ﬁ)o? “xtlﬁﬁm' xﬂtr@te 91¥£e>1 B s &@gkﬁ%ﬁﬁﬁfnglxtﬁﬁﬁyc' i ng

to kiln B. The contal ning kiln atnps re is scr ueous
l'i t hi um hydr ssameem@@{ dtessn asenp%eéqr@hibémxgi awidh tthe trapsifipm imefak rcameowlt # ned

IE>S< r elcov ezrlge(d aﬁ?éou% ?%lcl:ﬂ]i{c;iriégid(%h%xgdll‘%égfana h&&edptm}ﬁhfh nitrat¥§3 $3449 8 Drefrred
anpt es angygen-contalmng ?ﬂ%num comp(_)und The aqueous solution of the lithium compound
is preferably used in a concentrated form, in the case of lithium nitrate as a more than

35% strength aqueous solution.

25 According to one variant of the process according to the invention, at least some of the
M? transition metal compound may be used as a solution constituent in the solution of
the lithium compound for impregnating the M' transition metal compound.

To prepare the intimate mixture, the solid, powdered transition metal compound is
30 mixed with the solution of the lithium compound, with stirring, and then the solvent, in
particular water, is removed by drying, e.g. by spray-drying, fluidised bed spray

granulation or mixer agglomeration. A spray dried material with an agglomerate size

of less than 100 pm is preferred.

35 Subsequent calcination in a moving bed may be performed in a rotary kiln, a fluidised
bed or a fall-shaft reactor (downer). The use of a rotary kiln is particularly preferred.



5 A h| ghl'y porous nickel hydroxide with a specific surface area of about 65
m2/ g BET is sWOr9988029nto an approxi mately 40% strength aqueoRGCT/ERAS®618n of
lithiumnitrate. The nolar ratio of LiNO3 to N(OH)z is 1.03. The
suspension is dried in a spray drying tO\I/T\gr. The dried powder with -apAy6 WM
average particle size of about 60 pmis ntxed with 5 wt.% of lithium
nickelate with a particle size of <56 Vim 10 500 g of the powder m xture
are placed in the hot zone of a |aboratory rotary kiln heated to 620C,

t hrough which flows a streamof nitrogen at a speed of 84 mh. The rotary
kil n has an it thrsneaise, dhalgmna}es afe modwaed redniisuousty airdvtchivisk/ uita piprefdraldyAf t er
one hour, the d t aken
fromthe kiln: IE%&W' lj(l}l t g%%ﬁ%ﬁﬁgleg%%ﬁ/gggslﬁ&ggo os/’\nf;ﬁgptlge ﬂélg ‘i 0s:
20 |1, ~/h3 (Li ;Ne&?a)bly@ 1706 3 hp(uls; 210)/t¢mp€(rhmm 6Q§OQ?CD®88WCE préfetablyOf®°C to
reflectlonO | f w.d re Li 19 25 Exanple 2 Exanple 1 is
repeat ed V\fth&{()nga ngr 8 g% %g: 35001 kiln is held at 600C and
cool ing takes pI ace after two hours. 30 Sanpl es taken after cooling gave
the follown ~/h3 (LiNNOz) 1.1 1" zO) /| Ni 02 35
99/ 40029 PCT/ ﬁ’@%%’o* he jgtimate B’J’ﬁﬁ‘)@ ©ohe %&gf’@“&? d‘f‘ﬁpﬁé‘e’% kg if‘é‘ﬂl?%‘ﬁ“fﬁ. 27
Haljf wi dt hf 1%ngeﬁbﬁcb¢low the 2kelthipepoing of theylithfun hempomrd]luqi tclb lﬁxepm&nmﬁlhci ned
under air for 16 20C 1in t [ y_kiln. The follo val ues
were then obt STREACH SN Farhelas fapih ik Rebpibl: sty Y M3 '0° s
1", (Li zO) 10, anpiturkisb@ild de ﬁ@fbdh@(dmm@o@yatyklmwmcmﬂl&:)lre@dﬁb&n];ﬁehdateﬂ tavihdt h
003 reflectio t ?ﬁ?mlgj 21s
nepeat ed, Meérh&né'ntoﬁ%%%ﬁ{r‘%mqgﬁl a[nx?{olng bt %h?m ne % ﬁguér:hse %@Eﬂé

under ni trog@ﬁlﬁmﬂilmﬁ@mﬁr@ﬂr%o m nut es at 640C under air. The foll owi ng

val ues were obtained from X-ray diffraction anal y5| s: 20 1,~,/h3 (LiN Oz)
0.76 1", (le%)ll o, (LiNiQz) 0.037 h2(Li ZOO3;/I ]é}hl Ni 02) 0. Q17 25 Hal f

wi dth 003 refifdihimgnnixaterisipset a5 the I9Xpesn-Goprainipg ilighuy. qagipound, the intimate

15 mixture can be preheated to a temperature of up to 200°C, preferably 150°C to 180°C.

)

If lithium hydroxide is used, preheating may take place up to a temperature of 350°C.

Calcination may be performed in an atmosphere which contains up to 50% oxygen, for
example air. Calcination is preferably performed, for at least two thirds of the
20 calcination time, under a substantially oxygen-free inert gas, for example argon, with
an oxygen content of less than 5%, in particular less than 3%. In this case, the mixture
is calcined under an oxygen-containing gas for the remainder of the calcination time. If
the moving bed is operated in a batch process, the atmosphere can be exchanged for an
) oxygen-containing atmosphere after passage of at least two thirds of the calcination
25 time. If a continuously operated rotary kiln is used, an oxygen-containing atmosphere
or oxygen may be introduced, preferably in the last third of the kiln, using a lance.

According to the invention, it is also possible to perform post-calcination under an
oxygen-containing atmosphere in a separate moving bed.
30
In the interests of ensuring a narrow distribution of residence times during calcination,
batch operation per se is preferred. However, it is also possible to achieve a sufficiently
narrow range of residence times with a half-width of less than one quarter of the
average residence time in a continuously operated rotary kiln by inserting appropriate
35 Dbaffles with a tapering cross-section in the rotating tube.
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movi ng bed. container, in which a 40% strength aqueous lithium nitrate solution is initially placed,

20 into which is stirred the powdered B-nickel hydroxide with an average particle size of
10 um and a specific surface area of 65 m%*g. The slurry obtained is dried by spray
drying and introduced into rotary kiln B as granules with an average particle diameter
of about 100 um. The contents of the kiln are held at sinter temperature under an inert
gas for preferably 1 to 3 hours. Then (with batch operation), the argon atmosphere can

25 be replaced by an atmosphere containing 20 to 50% oxygen. Then the rotary kiln is
cooled and the lithium nickelate obtained is milled in a fluidised bed counterstream

mill C to a particle diameter of less than 40 um and the fine fraction with particle sizes

of less than 3 pm are separated by air classification or in a cyclone and collected for
recycling to kiln B. The NO,-containing kiln atmosphere is scrubbed with aqueous

30 lithium hydroxide solution in scrubber D and the lithium nitrate obtained is recovered
for the production of another premix.
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Half-width 003 reflection 0.17

) Half-width 104 reflection  0.19
25

Example 2

Example 1 is repeated with the difference that the rotary kiln is held at 600°C and
cooling takes place after two hours.

30 ‘
Samples taken after cooling gave the following values:

1,04/1o0s (LINIO;) 1.1
1,,,(Li,0)/I,0,(LiNiO,) 0.1
35
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Half-width 003 reflection 0.1
) Half-width 004 reflection ~ 0.13
Example 3
15
Example 2 is repeated, wherein the mixture is initially calcined for 2 hours at 640°C
under nitrogen and then for 30 minutes at 640°C under air.
The following values were obtained from X-ray diffraction analysis:
20
I,04/To0s (LINIO,) 0.76
I,,,(Li,0)/1,,,(LiNiO,) 0.037

10, (Li,CO,)/L,, (LiNGO,) 0.017

25 Half-width 003 reflection 0.17
Half-width 004 reflection 0.19
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A hlghly porous nickel cobalt hydroxide, Ni/Co(OH),, with a specific surface area of about 28
m*/g BET, in which the molar nickel-to-cobalt ratio amounts to 80/20, is stirred into an
approximately 40 weight % aqueous solution of lithium nitrate. The molar ratio of LiNO; to
Ni/Co(OH); is 1.03. This suspension is dried in a spray drying tower. The dried powder
shows an average particle size of about 60 pm.

80 g of the powdery mixture are placed in the hot zone of a laboratory rotary kiln and are
heated to 650 °C, with nitrogen flowing at a stream of 71 m/h. The rotary kiln has an internal

diameter of 55 mm and is rotated at 1.7 rpm.

After 4 hours the rotary kiln is cooled to less than 100 °C and samples are taken out of the
kiln.

X-ray diffration analysis gives the following peak ratios :

1104/1003 (LiNiCOOz) 0.71
Half-width 003 reflection 0.20
Half-width 104 reflection 0.26
Example §

Example 4 is repeated with the difference that the powder is calcined for 4 hours at 650 °C
under nitrogen and successively for another 4 hours at 650 °C under air.

For this material, the following values were obtained from X-ray diffration analysis.
1104/1003 (LlNlCOOz) 0.59

Half-width 003 reflection 0.18
Half-width 104 reflection 0.24
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5 Lix(Mlyle-y)nOnz 9

wherein

M’ represents nickel, cobalt or manganese,
10

M? represents chromium, cobalt, iron, manganese, molybdenum or

) aluminium and is not identical to M,

n is 2 if M’ is manganese, otherwise 1,
15

X is a number between 0.9 and 1.2,

y is a number between 0.5 and 1.0 and
20 z is a number between 1.9 and 2.1,

by calcining an intimate mixture of oxygen-containing transition metal
compounds and an oxygen-containing lithium compound, which has been
) obtained by treating a solid powdered transition metal compound with a
25 solution of the lithium compound and drying, characterised in that at least the
M' compound is used in the form of a powder with a specific surface area of at
least 10 m*/g (BET) and calcination is performed in a moving bed.

2. A process according to Claim 1, characterised in that the transition metallate is
30 milled and sieved after calcination and the finer fraction from sieving is

recycled to the moving bed.

3. A process according to Claim 1 or 2, characterised in that a mixed transition
metal compound which contains at least some of the M’ compound is used as
35 the M' compound.
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calcination, milling is performed and, after milling, further calcination is

performed in an oxygen-containing atmosphere.
10
7. A process according to one of Claims 1 to 6, characterised in that LiNQ, is
used as the lithium compound and Ni(OH), is used as the M' transition metal
compound.

15 8. A process according to Claim 7, characterised in that the NO, released during
calcination is recovered as nitric acid and is reacted with LiOH to give LiNO,
which is used as the lithium compound.

9. A process according to one of Claims 1 to 8, characterised in that the transition
20 metal compound treated with the solution of a lithium compound is dried by
spray drying or mixer granulation.




