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(57) Abstract: The invention relates to the electrotechnical industry and can be
used to produce a positive electrode (cathode) material based on layered transi-
J tion metal oxides for lithium-ion storage batteries. An active cathode sulfur-con-
taining composite material for lithium-ion batteries is in the form of a compound
of the formula (1- a)LiNixMnyCo,AyO3 aLiaSyOc, where LiNiMn,Co,A,O; is
a component containing layered transition metal oxides, LigS,O. is an amor-
phous sulfur-containing component, and A is a doping agent selected from the
group comprising Al, Mg, Zr, W, Ti, Cr, V, v<0,1, xty+z+v=1, 0.3<x<0.85;
0<y<0.3; 0<z<0.3; 0.0001<a<0.02, 0.001<b=<2; 0<c<8; 0.001<d<2, wherein said
composite material is produced from a sulfur-containing precursor compound
of the formula: NiyMny Co,A,Op(OH)22SpOc)f or NigMnyCo,(CO3)1o(SpOc)s,
where 0.3<x<0.85; 0<y<0.3; 0<z<0.3, 0<m<I, 0.001<b<2, 0<c<8, 0.0001<f<0.05,
0.0001<g<0.02. The technical result consists in improving the operating charac-
teristics of the cathode material, specifically in increasing the charge/discharge
cycles while maintaining a high specific capacitance as a result of introducing
the amorphous sulfur-containing component LigSyO; into the composition of the

(57) Pedepar: N300peTeHrE OTHOCATCA K IJEKTPOTEXHAICCKOH MPOMBIIIJICHHO-
CTH H MOXET OBITH HCHOB30BAHO I IPOM3BOJACTBA MATEPHANIA MOIOXKUTEIh-
HOTO JJIEKTPOJA (KaToAa) HA OCHOBE CJIOUCTHIX OKCHIOB MEPEXOTHBIX METAJLIOB
JUI JTHTHH-HOHHBIX aKKyMYyJIITOPHEIX Oaraped. AKTHBHBIH KaTOIHBIH CEPOCO-
JeprKALHI KOMITO3HTHBIH MATCPUAIT A/ JIUTHH- HOHHBIX aKKyMYJ/IATOPOB Ipe-

CTaBIIET CO00H coemunenne (popmynsr (1- a)LiNiMn,Co,A;O7-aligSpOc, TaE

AA Specific capacitance, mAh/g
BB Example 1
CC Cycle number

LiNiyMnyCo,A,O; - KOMIOHEHT, COACPKAIMH CTOUCTHIE OKCHIBI TIEPEXOTHBIX
Metawios, LigSyO - aMmop(HEIi cepocoaepkamuii KOMIOHEHT, A - JICTHPYOIIAT

nmo0aeka, BeiOpanHas u3 rpynmsl Al, Mg, Zr, W, Ti, Cr, V, v<0,1, xty+z+v=I,
0.3<x<0.85; 0<y<0.3; 0<z<0.3, 0.0001<a<0.02, 0.001<b=2; 0<c<8; 0.001<d=2,
MPUYEM YKA3aHHBIH KOMIIO3UTHBIA MATCPHAI ITOIYUCH U3 CEPOCOACPKAIICTO CO-
€OUHEHHSA- TPEAMECTBEHRNKA (hopmy e NigMnyCo,AyOy,(OH)y 26 SpOc)f mwmm
NiyMny, Co,(CO3)¢(SpO¢)g, Tae 0.3<x<0.85; 0<y<0.3;

[npodondcenue Ha cnedyvioueti cmparuye]
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GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Ony6mkoBsana:

—  C OMUEHIOM O MeXCOYHAPOOHOM noucke (cmamwvi 21.3)

— 00 ucmevenus cpoxa ONA  UIMEHeHUs  opmynsl
usobpemenus U ¢ NOGMOpHOI nyonuxayueil € ciyuae
nonydenus uzmenenuti (npaguno 48.2(h))

— 6 uepHo-DeloM eapuanme; MeXCOVHAPOOHAs 3GA6KA 6
HOOGHHOM @HOe COOePICUIn Yeem UMY OMMEHKU cepozo U
docmynua ona 3azpysxu us PATENTSCOPE.

0<z<0.3, 0<m<l, 0.001<b<2, 0<c<8, 0.0001<f<0.05, 0.0001<g<0.02. TexHW4UeCKHN PE3YIETAT 3AKIIOYACTCA B VIYULCHUH
IKCIUTY ATAHOHHBIX XAPAKTECPHCTHK KATOHOTO MATCPHAIIA, 4 HMCHHO B YBSTHUCHHH LIHKJIOB 3aPs1a/pas3psia Py COXPAHCHHH BEICOKOT
VIOCTBHOH €EMKOCTH 0arogaps BBEICHUIO B COCTAB KAToJa aMOPQHOTO CEPOCOACPKAIEro KOMIOHEHTA - LigSpO..
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KOMITO3UTHBINA KATOJHBIA MATEPHUAJI JJ151 TUTHM-UOHHBIX
AKKYMY.JISITOPOB

OBJACTDb TEXHUKHN

Hzo0peTeHne 0OTHOCUTCS K MaTepraiaM MOJOXKHUTEIBHOTO SJIEKTPoa (KaTona) Ha OCHOBE
CJIOUCTBIX OKCHJIOB MEPEXOMHBIX METAJJIOB U MOMKET OBITh WCIOJB30BAHO IJISi TIPOU3BOACTBA
YIYYUIEHHOTO AaKTUBHOTO KAaTONHOTO Marepuajja IJisi BBICOKOPHEPTOEMKHUX JIMTHI-MOHHBIX
AKKYMYJIATOPOB, IPUMEHSIEMBbIX JIJIsl TUTAHUSI IOPTATUBHBIX U CTALIMOHAPHBIX SJIEKTPONPUOOPOB,

a TaKkKe JJIs 3JIeKTPOTPAHCIIOPTA.
YPOBEHb TEXHUKH

Cpenn pa3HOOOPa3HBIX SJEKTPOXUMHUYECKHX MCTOYHHKOB TOKa B TMOCIETHHE TOJbI
OOJBIION HUMIYJBC PA3BUTUS TONYYWIH JIUTUH-HOHHBIE akkyMmyJsitopel (JIMA), koropbre
3aHMMAIOT BCE OOJNBIIVIO IOJIO PBIHKA M HAYMHAOT JOMHHHUPOBATH CPEOH ABTOHOMHBIX
SJIEKTPOXUMHUECKUX MCTOYHMKOB dHepruu. JIMA SBIAIOTCS OOHUMH M3 HamOojiee MIHPOKO
UCTIOJIB3YEMBIX UCTOYHUKOB MUTAHUSA B 3JIEKTPOHHBIX YCTPOHWCTBAX BOEHHOI'O, MEIULIMHCKOTO,
OBITOBOTO M TPOMBIIIJICHHOTO HAa3HAYEHUS. JTO CBA3AHO C PSAAOM INMPEHMYLIECTB, KOTOPBIMHU
obnamaroT JIMA, a MMEHHO, BBICOKOH 3HEPrOEMKOCTbIO, YCTOWYMBOCTBEO K MHOTOKPATHOMY
LIUKJIMPOBAHUIO, OBICTPBIM MPOLIECCOM 3apsifa U OTCYTCTBHEM «3((eKTa maMaTn.

Kak wu3BeCTHO, TakHe DJIEKTPOXUMHYECKHE XapaKTePUCTUKH, Kak yJeJbHbIC
SHEpreTUYecKre M MOLIHOCTHbIE mapamerpbl JIMA B 3HAUMTENBHOH CTENIEHH ONPENEeISIOTCS
CBOICTBaMH MaTepHraJja MOJIOKUTEIHHOTO JIeKTpoAa (kaToaa). B ¢Bsi3u ¢ 3TUM, OCHOBHOMN BEKTOP
HAYYHBIX HCCIIENOBAHUN B OOJIACTH CO3/IaHUSI BBICOKOIHEPTOEMKHX aKKyMYJSITOPOB HaIlpaBJIeH
Ha yJIyUYIIEeHHE CYINEeCTBYOINX U CO3aHNE HOBBIX KATOAHBIX MAaTEPHAJIOB.

Marepuanom karopa mepBoro mokosieHust B kommepueckux JIMA Beictyman LiCoOaz,
NPEUMYLIECTBAMH KOTOPOTO SIBJISIIOTCSI OTHOCHTENbHAS IMPOCTOTA MOJYYEHHUS, BO3MOJKHOCTh
SKCIUTyaTalUH ITPH BBICOKHUX IJIOTHOCTSX ToKa U ap. Hegocratku LiCoO:2 cBsA3aHbI € €ro BHICOKOM
CTOUMOCTBIO, TOKCUYHOCTBIO M OIPaHMYEHHOM MPaKTHYECKU AOCTHXKUMOHN EMKOCThI0 ~140-150
MAY/T Tpu MakcumanbHOM Hanpstkenun 4.2-43 B orn. Li/Li* (4TOo cooTBeTCTByeT
U3BJICUEHUIO/BHEIPEHUIO MPUMEPHO IMOJIOBHHBI UMEIOLIErocss B CTpykrype nutus). [locnennee
00CTOSITENIbCTBO CBSI3aHO CO CTPYKTYpHOU HecTaOmibHOCTRIO LiC0oO2 npu 3apsine Boime 4.3 B u
noOOYHBIMU pEeaKIMsIMU MaTepuana KaToAa C JJIEKTPOJHTOM. llepedncieHHble HEIOCTaTKU
MOJIOXKUTENBHOTO 3yiekTpona Ha ocHoBe LiCoO:2 cnocoOCTBOBaiM MOHMCKY Oojee IelleBbIX,
SHEProeMKHX U MEHee TOKCHUYHBIX MaTepuaioB. OIHUM U3 EPCIEKTHBHBIX MOIXOMOB SIBISIETCS
3aMeHa 4acTu KoOasbTa Ha Apyrue Oojee neleBble MepexoHble METAUIbl, TAKUE KaK HUKENb U
mapranen. B pesynbrare sToro nogxoaa Opun nmosny4yeHsl n3ocTpykrypHble LiCoO2 coennaeHns
cocraBa LiNixMnyCo0,02 (x + y + z = 1, obo3Hauaembie Takxke kak NMCXYZ, rne X:Y:Z —
mossipHoe cootHomenne Ni, Mn u Co). OrpomMHBIi nHTEpec npeacTaBisitoT Matepuansl NMC ¢
MOBBIIIEHHBIM CONEpKaHNEM HUKeNA (X > 0.6) MOCKOJIbKY TaKHe MaTepHajbl MOTYT 00eCreunThb
BBICOKYIO YAENbHYI0 €MKOCTh (0 220 MAY/T) B OIHOM M TOM K€ OKHE MOTEHIHAJIOB 33 CUEeT
U3BJICYeHUs OOJBINErO KOJUYECTBA JIUTHUS U3 CTPYKTYpbI 1o cpaBHeHHIO ¢ LiCoO2, a TIOTHOCTH
SHEPruM TAaKUX MarepuanoB MoxkeT nocturate 800 Bru/kr. Tem He MeHee mpakTHUECKOE

NPUMEHCHUE TAKUX MATCPHUAJOB OTPAHUYCHO BBUAY BO3HHUKHOBCHHSA npo6neM, CBA3aHHBIX C
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0€301acHOCTBIO, U OBICTPOrO CHIDKEHHS YIETbHOH €MKOCTH B TE€UYEHHE BCErO CPOKa CIYKOBI
aKkyMyJsiTopHO# Oatapen. Kak mpaBuiio, mepsasi mpobiiema CBsi3aHa € TEPMOIUHAMHYECKON
HECTAOMIIBHOCTBIO TTOJIHOCTBIO 3aPsDKEHHOTO COCTOSIHHS (3apsi MPH IMOBBIIEHHBIX 3HAYSHUSIX
NOTEHIIMAJIa) U TIPH BBICOKOH TeMIIepaType, BTOpast — CBsI3aHA C XMMHUYECKHM, CTPYKTYPHBIM U
MEXaHUYeCKUM pa3pymieHueM katonnoro marepuana NMC. [S.S. Zhang, Problems and their
origins of Ni-rich layered oxide cathode materials, Energy Storage Mater., 24, 247-254 (2020)].
ITockonbKy 3HAUMUTENBHBIM CTPYKTYPHBIM IEpecTpoiKaM IIOJBEpPraercss B OCHOBHOM
MOBEPXHOCTb YACTHII OJIOKHUTEIBHOTO 3JIEKTPOA, TIe MPOUCXOIUT 00pa30BaHUE YILIOTHEHHOTO
CJIOSI N3-32 YACTUYHOHN MOTEPU KUCIOPOaa U 00pa3oBaHMsI HEYNOPsIOUeHHBIX CTPYKTYp [M. Dixit,
B. Markovsky, F. Schipper, D. Aurbach, D.T. Major, Origin of structural degradation during
cycling and low thermal stability of Ni-rich layered transition metal based electrode materials, J.
Phys. Chem., C 121, 22628-22636 (2017)], noBepXHOCTHOE MOJU(PHUIMPOBAHUE MEPBHYHBIX
YacTUI] U BTOPUYHBIX arjoMepaToB IMPENCTaBISETCS OJHUM U3 HauOojee MepCleKTUBHBIX U
3(PeKTUBHBIX TOAXOMOB, HAMNPABJICHHBIX HA TOBBIICHHE CTAOWIBHOCTH W 0O€30MacHOCTH
MaTepuajioB Ha ocHOBe Ni-oboramenabx NMC.

OmauM w3 cnocoOOB  YIIYUILIEHUS HKCIUTYaTALMOHHBIX XapPaKTEPUCTUK KAaTOIHOTO
marepuasa Ha ocHoBe NMC sBisiercss MOAU(PHUIMPOBAHUE TMEPBUYHBIX M BTOPUYHBIX YACTHI]
MaTepuaja ¢ MOMOLIbIO TUTUICOAepKAINUX COSUHEHUH, SIBIISIFOIIUXCS] HOHHBIMU ITPOBOAHUKAMU
no gururo  [US20170338471A1].  bnaromaps  STOoMy  yBEIMYMBAaeTCs  CKOPOCTb
UHTEPKAJSIIUN/ACUHTEPKASIIUYA MOHOB JINTHUS HAa TPAHUIE pas3zela 3JIEKTPOA/3JEKTPOSUT, a
Takke (POPMHUPYETCS «3ALUTHBII» CIIOH, KOTOPBIA MPEMATCTBYET B3aUMOIEHCTBUIO KaTOIHOTO
matepuajna ¢ HF, obpasyrommeiicst mpu MCMONb30BaHUU 3JIeKTpoiuTa Ha ocHOBe LiPFg BO Bpemsi
3JIEKTPOXUMHUECKOTO LIUKJIUPOBAHUS. Y Ka3aHHBIMH CBOMCTBAMH O0JIAIAIOT MPOCTHIE U CIOXKHBIE
cepocojiepKallie COeIMHEHUs JUTHUA pa3iudHoro cocraBa. OJHAKO TOCKOJNbKY JaHHbIE
MaTepHuaIbl 11 MOIU(UKALIMK YaCTUL KATOAHOTO MaTepualia IEMOHCTPUPYIOT HU3KHE 3HAYECHUS
SJIEKTPOHHON MPOBOAMMOCTH, yBEJWYEHHE TOJIIMHBI MOKPBITUS MOXET BbI3BATh YXYILIEHHE
3JEKTPOXUMHUECKUX CBOMCTB BCJIEACTBHE MOBBILIEHUS] OMUYECKOTO CONIPOTUBIIEHMSI.

H3BecTeH cepocoaepsKalinii KATOJHBIN MaTepHall | CIIOCO0 €ro MOyYeHUs], TPUBEIEHHBIC
B nareHte US 10090518 B2. OnucanHbll B JaHHOM NaTEHTE MaTepHal MOJIy4YeH MyTeM «CyXOoro»
CMEIIIeHUsT KOMMEPYECKOro KaTOAHOro Marepuana cocrasa Li+aMi1-.02, roe a’<a, 0.95(1+a")/(1-
a)<1.15, M=Nii.xyM’xCoy, M’=Mn1_;Al;, 0<z<I1, 0.1<y<0.4 u x+y = 0.5, Na2S20s u ucroynuka
nutus, npeumyinectseHHO LiIOH u Li2CO3, ¢ mocnenyromeii BRICOKOTEMITEpaTypHOH 00paboTKOM
B TEUCHHE HECKOJBKHX 4HacoB. B pesynbrare oOpasyercss KOMIO3UTHBIA KAaTOAHBIA MaTepHal,
MPEICTaBISIFO NI COOON CMECh CIIOUCTOrO OKCHIA MepexonHbiXx MeTauioB U LiNaSOQy. Jlyummuii
npuBeNeHHbIN o0pasen coctaBa NMC622 neMOHCTPUPYET YASTBHYIO Pa3psiiHYIO eMKOCTh 179.9
MAuY/T ipu ckopoctu paspsina 0.1C (rutotHocts ToKa 16 MAuW/T, 3.0-43 B otu. Li/Li*) ¢
COXpPAaHEHHEM pa3psgHOM eMkocTh oOT wucxonHod 3a 100 uwmkioB 98%. Hegocratkom
NPEIJIOKEHHOTO  Criocoba  sIBIAETCS HEOOXOAMMOCTh JIOTIOJIHUTENbHONW CTaAud CMEIICHUs
HCXOJIHBIX KOMIIOHEHTOB U BBICOKOTEMIIEpaTypHOH 00padoTku. Ele ogH HEJOCTATOK JaHHOTO
MarepHala 3aKJIo4aeTcs B cenyromem. [pu 3asBieHHOM noaxoae 00pa3yoLuics B pe3yibTraTe
tBepaogasHoro cuaTe3a LiNaSO4 MoxkeT opMUPOBATH OTAENbHBIE arJIOMePaThl HA TOBEPXHOCTU
BTOPUYHBIX YACTHUI] KATOJHOTO MaTtepuana. B TakoMm ciydae nudGy3noHHast ClIOCOOHOCTh HOHOB

JIUTUA Ha MOBEPXHOCTHU HACTUL KATOAHOI'O MaT€pHrajia MOXKET OBITD 3aTPyAHECHA, UTO NPUBOOIUT K
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3HAYUTEIbHOMY CHIDKEHHIO YIEJNbHOW €MKOCTH U CTaOWJIBHOCTH TP MHOTOKPAaTHOM
LUKJIUPOBAaHUHU. 3asBisieMble B NAaTEHTE COCTaBbl KaTOJHOIO MaTepuaja UMEIT AOCTATOYHO
Y3KHMH TUANa30H COAEPKaHUsl HUKEIIs, B PeAesbl KoToporo He BxomsaT Ni-oboramenasie NMC,
KOTOpBIE XapaKTePU3YIOTCsl HanboIee BHICOKUMH MOKA3aTeNSIMI O0OPaTUMON pa3psgHON EMKOCTH.

E1ie onHUM cepbe3HbIM HEOCTATKOM SIBJII€TCS PUCYTCTBUE B CUCTEME HATPHSL, KOTOPBIH
MOJKET OCAXKIaThCs HA aHOJIE B BUAE MeTajula (HAaTpUi He HHTEPKAIUPYyeTCs B TpaduTOnono0HbIe
aHOIHBIE MaTEPHAJIbl), & TAKXKE BCTPAUBATHCA B CTPYKTYypy NMC, yBenuunBast ©3MeHeHue o0beMa
3JIEMEHTApHON sUeHKH U MPUBOAS K BOSHUKHOBEHHUIO MEXAHUYECKUX HAPSKEHUN.

U3BecTeH KaTOOHBINA MaTepHall, KOTOPbIA MPENCTAaBIsAET COOOH CIOUCTBIM OKCHI COCTaBa
LiNixMnyCo,AvO2 (0.33<x<0.5, 0.20<y<0.33, 0.20<z<0.33, v<0.05, x+y+z+v=1), a Takxke ero
COEAMHEHHUe-TIPEeNIIECTBEHHNK, NpeacTapisiromee codboit ruapokcun MOH wmu okcuruapoxcus
MOOH, rae M = NixMnyCo.Av (0.33<x<0.5, 0.20<y<0.33, 0.20<z<0.33, A — nerupyromas
nobaska (Al, Mg, Zr, W, Ti, Cr, V) v<0.05, x+y+z+v=1), ¢ mpuMecbi0 cepbl, BO3HUKAIOIIEH B
CBSI3U C WCMOJBb30BAHUEM CYyJIb(HATOB MEPEXOJHBIX METAJUIOB B KaUECTBE MCXOAHBIX PEAreHTOB
[US 10547056 B2]. Cunre3 coenuHEHUS-NPEAIIECTBEHHUKA OCYLIECTBJAICS B INPOTOYHOM
TUIPOTEPMAIbHOM — pPEaKTOpe METOAOM  COOCAXKIEHHs CMEIIAHHOTO TUAPOKCHAA  UJH
OKCUTHIPOCKHIA W3 CyJIb(aToB MNEPEXOAHBIX METAJUIOB W HCTOYHHKA THAPOKCHI-HOHOB.
[TonyueHne KOHEYHOro MPOAYKTa OCYINECTBISUIOCH NyTeM JOOaBJIEHUS K COEAUHEHHIO-
npenmecTBeHHUKY ncrouanka utusi, LIOH mnu Li2COs, u orkura B TeMnepaTypHOM HHTEpBae
600°C-1100°C B Teuenue Oonee omHoro vaca. HemoctaTkoM HaHHOTO criocoda MOTy4YeHHUs
CEpOCOJEpIKalero  COeJUHEHUS-TPeIIeCTBEHHUKAa  sIBIETCA  BbICOKas — TemIepaTypa
THOPOTEPMANIBHOTO CHHTE3a, npeanoututesbHo 120-170°C, uto mpuBoauT K 0ojiee BBICOKUM
SHEPreTUYEeCKNX 3arparam, Oosee OBICTPOMY M3HAIIMBAHUIO OOOPYIOBAHHA U, KaK CIEICTBUE,
YIOPOKAHUIO Marepuajia. Takxke, THUAPOTEPMAIbHBIH CHHTE3 TpeOyeT IOpPOroCTOSIIEro
obopynoBanusi 1isi pabOThl TOA TMOBBIIIEHHBIM JnaBieHueM. CorjacHO TpeaIaraeMoMy
n300pEeTeHNI0, YAENbHAasl IUIOIAAb TOBEPXHOCTH M COACPIKAHUE Cepbl B COENUHEHHHU-
MpeLIeCTBEHHHUKE JIOJIPKHBI COOTBETCTBOBATH IPUBEACHHOMY B [IATEHTE HEPABEHCTBY:

(BET"ZS)2 + (o= )2 < 0.75, rue BET 2/rl. S
oex ooz =075, rme 3TO yAeNbHAs IJIOMAab MOBepXHOCTH [M“ /T], S —

KOHLIEHTpaLus cepol [Macc. %o].

ITockonbky BBICOKOTEMIIEPATYPHBIM OTXKUT OKa3blBa€T CYILIECTBEHHOE BJIMSHUE Ha
VAEIBHYIO IJIOIIAaAb MOBEPXHOCTH YaCTHUL, TPU BAPbUPOBAHUHU YCJIOBHI BBICOKOTEMIIEPATYPHOM
00paboOTKM M3 OMHOTO W TOTO K€ COEAMHEHHS-TIPEAIISCTBEHHUKA MOTYT OBITh IOJYYEHbI
MaTepuaibl ¢ Pa3JIUYHBIMU 3HAYEHUSMH YIEJIbHOHN IUIOMIAAU MOBEPXHOCTH. B CBs3u C 3TuUM
BO3MO’KHO BO3HHUKHOBEHHE MPOOJIEMbI KOHTPOJISI COOTBETCTBUS 3HAYCHHN YIEIBHON TMIOIAH
MOBEPXHOCTH M COAEPKAHUS Cepbl, U, KaK CJENCTBUE, CJOKHOCTU MOJYYEHUs KaTOIHOIO
Marepuana C 3aJaHHBIMH 3JIEKTPOXUMHUYECKUMU TOKA3ATENSIMHU, UYTO SIBJIAETCS KPUTHUYECKUM
HEIOCTaTKOM NaHHOro m3o0perenus. Kak u B marenre US 10090518 B2, 3asBneHHBIE COCTABbI
KaTOAHOIO MaTepualia UMEIT y3KUM auana3oH conep:kaHus Hukens B NMC. B npusenenHom
u300peTeHNn NJisl 3asBJICHHBIX KATOJHBIX MATEePUAJIOB MPHUBEACHBI TOKA3aTeNd 3apsyAHON
€MKOCTH MEPBOTO IIUKJIa O€3 TeMOHCTPALNH SKCIIEPUMEHTANIbHBIX TaHHBIX, TPU 3TOM HE yKa3aHbI
JAHHBIE O LIUKJIMYECKON YCTOHYMBOCTH MPU MHOTOKPATHOM 3JIEKTPOXUMUYECKOM LIUKJIUPOBAHHH.

HsBecten Takske katomHbiidi MaTepuan Lia((Ni(NipsMnos)yCox)1-kAk)2-202, Tie x+y+z=1,
0.1<x<0.4, 0.36<z<0.50, A — nerupyromas nobaska (B, Ca, Mn, Cr, V. Fe, Zr, S, F, P u Bi),
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0<k<0.1 u 0.95<a<1.05, B cocTaB KOTOPOro BXOAAT pacTBopuMble ocHOBaHMs, Li2CO3 u LiOH,
rane Li2C03>0.085 macc.% u LioCO3/LiOH>0.2, a Takke ero coenuHeHUe-MPEAIeCTBEHHUK,
MPECTaBIISIFoIIee COOOM CMEIIaHHbI OKCUTHIPOKCHI, MOJYYEeHHBIH MyTeM COOCAKICHUS W3
pPacTBOPOB CyJb(paTOB TMepeXoaHbx MeTaioB. Kak w B mpenbiaymeM HOpumepe, AaHHBIN
KaTOJHBIN MaTepuajl COAEP KUT MPUMECh CEePhbl, KOTOPasi BO3HUKAET B CBSI3U C UCIOJIb30BAHUEM
Cysib(aTOB TMEPEXONHBIX METaJUIOB B KadecTBe HCXONHBIX peareHToB [JP5660353B2].
Henocratkamu  TOpeaio)KEHHOTO  M300pETEHUs  SIBJISTIOTCA, BO-TIEPBBIX, HaJu4ue
JUTHICOAEPKAIMUX OCHOBHBIX coenuHeHuid, a umeHHo, Li2COs; u LiOH, mockoibKky OHU
SIBJISTIOTCS. M30JIATOPAMH, U MX HAJIUYUE OTPULATEIBHO CKa3bIBAETCS HA 3JIEKTPOXUMUYECKHX
CBOIMCTBaX KATONHBIX MATEPUAJIOB, BO-BTOPBIX, COMJIACHO TMpeajiaraeMoMy H300peTEeHHIO,
yAenbHAas MJIOMIAlb MMOBEPXHOCTH KATOAHOTO MaTepuaia JAOJDKHA HAXOAWTHCS B JAMANa30HE OT
0.22 no 0.40 m%/r, 9TO HEe TONBKO 3aTPyAHAET KOHTPOIb COOTBETCTBMS 3HAYEHMI yHETbHOM
MJIOLIAH TTIOBEPXHOCTU B MPOLIECCE CHHTE3a, HO U SBJISETCS OCTATOUYHO HU3KUM IOKAa3aTeIeM
ISl MATEPHUAJIOB 3asIBJISIEMBIX COCTABOB, B PE3YJIbTATE YEro MPOUCXOAUT YMEHbIIEHHE padodei
MOBEPXHOCTU KaToAAa M, KaK CIEACTBUE, CHUKEHHE SJIEKTPOXHUMHYECKHUX JKCIUTyaTallMOHHBIX
XapPaKTEPUCTHK.

Takke M3BECTEH KATONHBIN MaTepuwall Ha OCHOBE CIIOMCTBIX OKCHUAOB cocTaBa Lij+aMi-
202:M'xSm, Tie M — nepexonnbie Metajuibl (He menee 95% Ni, Mn, Cou Ti), M'— Ca, Sr, Y, La,
Ce u Zr, -0.033<a<0.06, b=0, 0.0250<k<0.1 macc.% u 0.15<m=<0.6 mon.%, mojy4aemblii u3
COEeIMHEHUH-TIPEAIIESCTBEHHUKOB — THIPOKCHUIA, OKCUTHAPOKCHIA WM KapOoHaTa — MyTeM
COOCAKIEHUS W3 PAacTBOPOB cyibdaToB mepexomHbix metamioB [US8303855B2]. CornacHo
JAHHOMY  HW300pEeTeHHIO,  Ccepocoaeprkaiias  MPUMECh  OTPUIATENIbHO  BIUSET  HA
SNIEKTPOXUMHYECKHE CBONCTBA KATOJHOTO MaTepHalia, B CBSI3U C YeM O0sI3aTeNIbHbIM YCIOBUEM
U3rOTOBJICHUS] 3asIBJICHHOTO B JAHHOM HW300peTEHUW Marepuayia sBJSIeTCsl JoOaBJIeHHE
JOTOJHUTETFHOTrO KoMroHeHTa M'. JloOaBlieHne KOMIIOHEHTa MOKET OCYIIECTBJISIThCS MyTEM
noOaBleHUs] PaCTBOPUMOMN Cojii M' K HICXOTHOMY PacTBOPY CYJIb(PaTOB MEPEXOIHBIX METAJIIOB,
win go0aBjieHrs MeTaa M' Ha 3Tarne BhICOKOTeMITePaTyPHOTO OTKHUTa HIJIA Ha 3TAIe POMBIBKH,
Wi n00aBJeHUsT pPacTBOPUMON coju M' Ha 3Tame NPUTOTOBJICHHS] KATOTHOM CMeCH C
nocnenyromeii cymkoi. CoriacHo mnpuMmepaM, WUIFOCTPUPYIOIUM JaHHOE U300peTeHue,
3asIBJICHHBIE COCTABbI KaTOJHOIO MaTepHalia, Kak U B MPENbIAYLINX MpUMepax, UMET Y3KHUM
nuanazoH coneprkanus Hukens B NMC (<0.67 macc.%), B mpenensl KOTOpOro He Bxoaat Ni-
oboramennpie NMC, KOTOpbIe XapakTepU3YIOTCS HauOojiee BBICOKMMU TOKA3aTESIMU
oOpatumoii paspsimHOl eMkocTH. [loMMMO 3TOro, OMUCaHHOE B JNAHHOH 3asBKe HM300peTeHue
obnamaeT psAOOM  CYIIECTBEHHBIX  HEMOCTaTkoB. (OCHOBHBIM  HENOCTATKOM  SIBJISIETCS
HEOOXOUMOCTb BBEACHUS JOIMOJNHUTELHOTO KOMIOHeHTa M', MPEeAnOYTUTEIbHO KalbIWs, B
KaTOAHBI MaTepuayl JUisl YMEHBIICHHS OTPULIATENIbHOTO BIIUSHHUS — CEPOCOMEPIKAIIETO
KOMIIOHEHTa, TMpPUYeM KOHLEHTpauus JieTUpyromed J00aBKM  JOKHA — COCTaBIISITh
npennouruteibHO 0.0250<k<0.0500, u COOTHOIIEHHE Cepbl U KaJNbLHS JOJKHO U3MEHSTHCS B
Y3KOM JHala3oHe, MPEANOYTHTENIbHO, HMX KOHLEHTPAIMH JOJDKHBI U3MEHSTHCS COTJIACHO
cnenyrommemy ypaBHeHuro k=0.84*S. B To ke Bpems, Kak OTMEYArOT aBTOPbI JTaHHOTO
U300peTeHNs, KOHTPOJIb COAEPIKAHMS CEPOCONEPIKAIIEr0 KOMIIOHEHTA 3aTPYIHEH B CBSI3H C €r0
BBICOKOH pPAaCTBOPUMOCTBIO B BOJAE M, KaK CIIEACTBUE, HEKOHTPOIUPYEMOMY CHWKEHHUIO €ro
ComepskaHUsT B KATOOHOM MaTepuaje Ha 3Tame NPOMBIBKH, a H30BITOYHOE noOaBlieHue
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Jerupyromeil no0aBKM MOXKET HETaTHBHO CKAa3aTbCsl HA SJIEKTPOXUMHYECKHX CBOHCTBAX
KaTogHOro Matepuana. bonee Toro, BBeneHHe Jerupyromeld 100aBKH K KaTOIHOMY MaTepuaity
TpeOyeT no0aBEHHUs] JOMOJHHUTENBHOTO OMNEPALMOHHOIO 3Tarna CHUHTE3a, YTO MPHBOAHT K
YAOPOKAHUIO MpOLiecca MPOU3BOJCTBA MaTepraa.

Haubonee Onm3kuM K 3asiBIsieMOMY HM300pPETEHHUIO SIBJISIETCSl pelieHue nmo mateHty US
8268198 B2. B naHHOM H300pPETEHHMH PACKPBITO COEOUHEHHE-NPEAIIECTBEHHUK KaTOTHOTO
Marepuaia, Coaepkaliee B CBOEM COCTaBe IBa WM Oojiee MOHOB NEPEXOIHBIX METAJUIOB,
npeanodTutesbHo, NixCoyMni_(x4y) 0.3<x<0.9, 0.1<y<0.6 n x+y<]1, u cynb}par-uOHbI, OCTABIINECS
NOCJI€ TIONYYEHHUS COCOUHEHUS-TIPEAIIECTBEHHUKAa M3 CYJIb(aToB MEPEeXOAHBIX METAJJIOB.
IIpennaraemoe nojy4deHue COeUHEHUA-IPEAIIECTBEHHNKA OCYIIECTBISAETCS C IOMOLIBIO METO/1a
COOCXAECHUSI B TE€YEHHE JOCTATOYHO OOJBIIOrO NMEpHUOJ BpPEMEHH, a MMEHHO 20 4acoB, 4TO
NPUBOAUT K YIOPOKAHMIO TIpollecca HW3TrOTOBJIEHUS M SIBJISIETCS HEAOCTAaTKOM JIAHHOTO
TEXHUYECKOrO pemreHus. I[loCKONbKy B TNPUBEACHHOM H300PETEHHH PACKPBITO TOJBKO
COEAMHEHHNe-TIPEIIECTBEHHNUK, COAeprKaliee Cynb(aT-uOHBL, 3JIEKTPOXUMUYECKUE TaHHbIE IS
MOJIy4a€MOr0 KaTOJHOrO MaTepuala M3 YyKa3aHHOTO COEIUHEHUS-NPEAIIeCTBEHHHUKAa HOCAT
WUTIOCTPATUBHBINA XapakTep 0e3 JeMOHCTpAIMH MOKa3aTeNell MUKINISCKON YCTOHYHMBOCTU TIPH
IUTUTENILHOM TIpOLecce 3apsiaa/pa3psana, HUKINPYEMOCTH MPH Pa3IMYHbIX TNIOTHOCTSX TOKA U T 1.

Haubonee cymecrBenHble oTanuus n3o0pereHuit mo narentam US 10547056 B2 u US
8268198 B2 or Hacrosimero u3o0peTeHust SBISETCS TOT (DAKT, YTO U3 XUMHUYECKUX (HOPMYJI
KaTOAHBIX MaTE€PHAJIOB, OJYHaEMbIX U3 PEKYPCOPOB MPSIMO CIIEAYET OTCYTCTBUE CEPBI B COCTABE
KaTOJHBIX MAaTE€PHAJIOB, a B CiIy4ae n3o0perenuii mo narenram JP5660353 B2 u US8303855 B2,
cepoconepKaliuil KOMIIOHEHT SIBJIIETCSl HEXKeNaTeNbHbIM IMOOOYHBIM MMPOAYKTOM CHHTE3a
KaTOAHOIO MaTepuala, BIUsHUE KOTOPOro CTaparTCs MUHUMHU3UPOBATh C MOMOLIbIO PA3JIUYHbBIX
MOJIXOJ0B, YTO CYINECTBEHHO OTJIMYAeT 3TH MaTepuajbl OT CEepPOCOAEPIKALUX KaTOIHBIX
MaTepHaJioB MO HACTOALIEMY H300pETEHUIO, I aMOp(HBIE CEPOCOAEPIKALIIE COSTUHEHHS JIUTHUS
LigSeOc  (0.001<b<2, 0<c<8, 0.001<d<2) o00pa3yl0T KOMIO3UT C 3JEKTPOAKTUBHBIMU
coequHeHusiMu cocraBa LiNixMny,Co,A,O2:(0.3<x<0.85, 0<y<0.3, 0<z<0.3, A — nerupyromias
nobaska (Al, Mg, Zr, W, Ti, Cr, V u ap.), v<0.1, x+y+z+v=1), SBIsISICh HEOTHEMJIEMOH YaCThIO
aKTUBHOI'O KaTOJHOTO MaTepuana.

PACKPBITHUE U30BPETEHUA

3amaueli HacTOALIEr0 HM300pETeHMs SBISIETCS pa3padOTKa KOMIIO3UTHOTO AKTUBHOIO
KaTofgHOro wmarepuana Ha ocHoBe NMC co ClOuUCTON CTPYKTYpOM AN JIUTUH-UOHHBIX
AKKyMYJSITOPOB, O0JIQAalomero yiay4IIeHHBIMH 3JIEKTPOXUMHUYECKUMH TapaMeTpaMu, B
YaCTHOCTH, BBICOKMMM 3HAUEHUSIMHU YIEJNbHONH €MKOCTHU IPU COXPAHEHHWU JPYIHX OCHOBHBIX
napaMeTpoB MaTepuana (BbICOKOH KyJOHOBCKOH 3((PEKTHBHOCTH, COXpaHEHUH YIEIbHOU
€MKOCTH TpH YBEIMYEHHH IUIOTHOCTH TOKa 3apsiia/paspsiga) M BBICOKHMMH TIOKa3aTENSIMU
COXpPaHEHHsI EMKOCTH NPH OOJIBLIOM KOJMUECTBE 3aPsiAHO-PA3PAIHBIX LIUKJIIOB.

TexHuueckuil pe3ynbTaT, JAOCTUraeMbIi 3asBISEMbIM H300PETEHHEM, 3aKJIIOYaeTCs B
yJIy4IIeHUH SKCIUTyaTallUOHHBIX XapaKTepUCTUK KATOJHOrO MaTepuala, a MMEHHO B YBEITMUEHUU
LIUKJIOB 3apsiaa/paspsia Mpu COXPAHEHHH BBICOKOW YIENbHOH €MKOCTH Oiaromapsi BBEISHHIO B
COCTaB aKTHBHOT'O KaTOIHOIO MaTepuaia aMop(dHoro cepoconepskaiiero kommnoneHTa — LigSpOe.
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IlocraBneHHas 3amada M yKa3aHHBIM TEXHUYECKUM pe3yJIbTaT AOCTUTAKOTCS 3a CYET
NOJIYYeHUsI TPEIJIaraéMoro akTUBHOIO KaTOJHOTO MarepHaja, NpPEACTABISIIOIIEro coOoi
CepocoAep KA KOMIIO3UTHBIA MaTepHall, CONEp Kallluii KOMIIOHEHT B BHJIE CIIOUCTBIX OKCHIIOB
nepexongHbx MeTawioB — LiNixMnyCo,AvO2 u amopdHBIi cepocopepkaluii KOMIOHEHT —
LigSeOc, mpu 3TOM KOMIO3HWTHBIA MaTepHal NpeAcTaBisieT coOoi coenuHerne (opmyibl (1-
a)LiNixMnyCo,AvO2:aligSpO;, roe 0.0001<a<0.02, 0.3<x<0.85, 0<y<0.3, 0<z<03, A -
nerupyromas nodaska (Al, Mg, Zr, W, Ti, Cr, V u ap.), v<0.1, x+y+z+v=1, 0.001<b<2 u 0<c<8,
0.001<d<2. KoMmno3utHbIii MaTepuan TMOJy4Ye€H M3 CEPOCOJEPIKALIEro  COeIUHEHUs-
npenmectseHHUKa coctaBa NixMnyCo,Om(OH)226(SpOc)f mmn NixMnyCo,(CO3)1-¢(SvOc)e, THE
0.3<x<0.85, 0<y<0.3, 0<z<0.3, 0<mc<1, 0.001<b=<2, 0<c<8, 0.0001<f<0.05 1 0.0001<g<0.02.

Yka3aHHbBI TEXHUUECKUN PE3yJIbTaT JOCTUTAETCS TAKKe TeM, YTO B CrIOco0e MOMyUdeHHs
cepocojiepsKallero KOMIO3UTHOIO KaTOAHOIO MaTepuaia OTCyTCTBYIOT AOMOIHUTENbHbBIE CTAANU
BBEACHUSI cepoconepkamiell n00aBKH, UTO CYILIECTBEHHO COKpallaeT BpeMs W 3aTpaThl Ha
MOATOTOBKY TOTOBOTO KOMIIO3UTHOTO AaKTUBHOrO KatogHoro wmatepuana. CoenuHeHus-
MPEIIIECTBeHHUKH MOTYT OBITh MOJYYEHBI ¢ MOMOIIBIO CIETYIOINX METOJOB. COOCAKICHUE,
THAPOTEPMANIBHBI U COJBbBOTEPMANIbHBIM CHUHTE3, BKJIIOYAs AaKTHUBALMIO MHUKPOBOJHOBBIM
U3JIyY€HUEM, 30JIb-T€Ib, W JPYyrue, TaK Ha3bIBAEMbIEC, METONbl «MSTKOW» XHUMHUU C
HCTIOJIB30BAHUEM B KAU€CTBE UCXOIHBIX COJIEH MEPEXOIHBIX METAJUIOB U JIETHPYIOIUX 100aBOK
HE TOJIBKO CYJIb(ATOB, HO M PA3IMYHBIX JPYT'MX BOAOPACTBOPUMBIX COJIEH TAKHX KaK, HAIIPUMED,
XJIOPUIOB, alleTaTOB, HUTPATOB U Jp., a TaKkKe WX CMECel, MpH YyCJIOBUU HOOABICHUS
HEOOXOUMOTO KOJIMYECTBA HOHOB-UCTOYHHKOB CEepbl HAa CTAaIUuW TOJNYYEHUS COSTHMHEHUI-
MPEAIIeCTBEHHUKOB, HAITPUMED, IMyTEM BBEICHUS CEPOCOMAEPIKAIINX MOHOB HEMOCPEICTBEHHO B
pacTBOp ocamuTensi. B KkadecTBE HCTOUYHHMKOB CEPOCOAEPIKALINX HOHOB, HAMpUMEP, MOTYT
BoicTynath H2SO4, (NH4)2S04, NaxSO4, KoSO4 u gpyrue. KoMno3utHslli aKTUBHBIN KaTOAHBIN
MaTepuaj MoJy4yaroT CMEIIMBAHUEM CEPOCOAEPIKAILEro COeNMHEHUs-IIPeIIECTBEHHUKA B BUJIE
kapOOHAaTa WM TUAPOKCUA, UJTH UX CMECH, U UCTOYHUKA Juthsi, Takoro kak LiOH, LiOH*H>O0,
Li2CO3, LiCH3COO, Li2C204, LiNO3 umun ux cmecu, npeanoururenbno LiOH, LiOH*H-O,
Li2CO3 wmmu uxX cMecH, W TMOCIEAyIoIeH BBICOKOTeMIlepaTypHOl 00paboTkol B TeueHue
HECKOJIbKUX 4acOB.

TexHuueckuil pe3ynbTaT, JAOCTUraeMbIi 3asBISEMbIM H300PETEHHEM, 3aKJIIOYaeTCs B
VIAYYUIEHUW OKCIUTyaTallMOHHBIX XapPaKTEPUCTUK AaKTUBHOIO KAaTOJHOTO  KOMITO3UTHOTO
marepuana coctaBa (1-a)LiNixMnyCo,AvO2:aligSpO¢, tme 0.0001<a<0.02, rme 0.3<x<0.85,
0<y<0.3, 0<z<0.3, A — nerupyromas nodaska (Al, Mg, Zr, W, Ti, Cr, Vu np.), v<0.1, x+y+z+v=1,
rae 0.001<b<2 u 0<c<8, 0.001<d<2, a UMEHHO B CHM)XEHHUU CKOPOCTH Jerpajallil €MKOCTU
KaTOJHOTO MaTepuaja Mpu COXPAHEHUH BBICOKMX 3HAYEHUH YAENbHOM €MKOCTH MPHU Pa3TUIHBIX
CKOPOCTSIX pa3psina, Onaromapsi BBEICHHIO CEPOCOAEPIKAINEro KOMIIOHEHTAa. Y Ka3aHHBIN
TEXHUYECKUIN pe3yNbTaT JOCTUTAETCS TEM, YTO KAaTOMHBIH MaTepuayi MPencTaBisieT CoOOi
KOMITO3UT, COCTOSIIMI n3 ABYX KOMIOHEHTOB: LiNixMnyCo,AvO2 u LigSpOc, TI€ KOMIIOHEHT
LigSpOc Browaer cynbdar w/wim nupocyibdar w/wim cyabGur wwnm Cyiabbun w/uinm
THOCYJb(pAT JUTHS WIH WX CMeCh, JIOKAJIM30BAHHBI KaKk Ha [OBEPXHOCTU 3€peH
3aeKTpoakTUBHOro komrnoHeHTa LiNixMnyCo,A,O2, mpenMyIl1ecTBEHHO Ha I'paHULax 3€peH U B
MEeCTaxX KOHTaKTa 3€peH, TaK W paclpenejeHHbld 1O BceMy Marepuany. AmopdHbe
cepocojiepsKallie COeMHEHUs JIUTHs, paclipellelieHHble 110 BCEMy MaTepuaiy, Ha MOBEPXHOCTH
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3€peH, Ha MEK3EPEHHbBIX MPAHMIAX U B MECTaX KOHTakTa 3epeH komrnoneHTa LiNixMnyCo,A,O2,
MoryT obecrednBaTh OoJjiee BBICOKYIO MPOBOJUMOCTD IO MOHAM JIUTHSI, CO3[aBaTh 3alUTHBINA
cioii Ha mnosepxHocTu uyactul KomnoHeHTa LiNixMnyCo,AvO2, 4YTO mnpensTcTByeT HX
NOCEYIOIEeH XUMHUYECKOH M 3JIEKTPOXUMHYECKOW JIerpajalui, a Takxke o0ecreunBaTh
cBA3HOCTh 3epeH KoMmmoHeHTa LiNixMnyCo,AvO2, npenATrcTByss MexaHHYeCcKOW aerpagaluu

KOMITO3UTHOTO aKTUBHOT'O KaTOAHOTO MaTepuaa.
KPATKOE OIIUCAHUE YEPTEXEN
CymHocTh N300peTeHHst MOSCHAETCS rpadUKaMu U YePTEKAMH.

Ha ¢ur. 1 npencraBnena peHTreHorpamma (peHTreHOrpaMMa TMOJIy4eHa C
ucnione3oBanueM Co Kg  w3nydeHus) onHO(A3HOrO — COENMHEHHsS-TIPENIIeCTBEHHHKA,
NPEACTABISIIOINEro COOOH CMelIaHHbli Truapokcua win okcuruapokcuy Ni, Mn u Co co
crpykrypabiM TtunoM B-Ni(OH)2, mnonydenHblii corijacHo mnpumepy 1. PeHtrenorpamma
COEJIMHEHUA-NIPE/IIeCTBEHHNKA, IOJYYEHHOIO COIJIacHO npumepy 4, HMMeeT aHaJIOTMYHbIN
npoduyib ¢ PEHTTeHOrPaMMOH, MpenCTaBiIeHHONH Ha ¢ur. 1, W CBUIETENLCTBYET O TOM, 4YTO
COeIMHEHUE-TIPEAIIECTBEHHUK MO0 MpuMepy 4 Takke MpeacTaBisieT co0oil omHO(a3HBIN
CMeIIaHHbIi ruapokcna uian okcuruapokcua Ni, Mn u Co co crpykrypHbiM THIIOM -Ni(OH)>.

Ha ¢wur. 2 npencraBnena peHTreHorpamma (peHTreHOrpaMMa TMOJy4eHAa C
ucnione3oBanueM Co Kg  w3nydeHus) onHO(A3HOrO — COENMHEHHsS-TIPENIIeCTBEHHHKA,
NPEACTABISIIOIIEro cobol cmemaHHbl kKapOonat Ni, Mn u Co co CTPYKTypHBIM THIIOM
NiCO3-H20, nmnonyueHHbIi cormacHo mnpuMmepy 3. PeHTreHorpamMMa  CO€AMHEHMUsI-
NPEAIIECTBEHHNUKA, IOJNYYEeHHOTO COIJIACHO TPHUMEpY S5, MMeeT aHAJIOTWYHbIN mnpoduib ¢
PEHTIeHOTPaMMOM, NMPEACTaBICHHON Ha (ur. 2, U CBUAETENBCTBYET O TOM, YTO COEIHMHEHHE-
NPEAIIECTBEHHUK 110 MPUMEPY S TakxKe mpeacTasisier codoit onHodas3Hblil cMelnanHbIil kKapOoHAT
Ni, Mn u Co co crpyktypHbiM Tuiom NiCO3-H20.

Ha ¢ur. 3 npencrapneHbl KapThl paclpenesieHus] SJIeMEHTOB, TOJyYEHHbIE C MOMOIIBIO
SHEPTOANCIIEPCUOHHON  peHTreHoBcko#  crektpockormuu  (DJIC),  meMoHCTpupyroIue
MPOCTPAHCTBEHHbIE pacnpeneneHust sjaemMenToB Ni, Mn, Co wm S misg coenmHeHuUs -
MpEeNIIeCTBeHHUKA, MOMy4eHHOro cormacHo mnpumepy 1. CorjlacHO NOJIyYeHHBIM JAaHHBIM
COOTHOIIEHHE TEPEXOAHBIX METAJUIOB M CEPbl B COEAMHEHUHU-TIPEAIIECTBEHHUKE COCTABJISIET
Ni:Mn:Co:S = (8.06+0.03): (0.9+£0.01): (0.9+0.02): (0.05+0.03), BCE 3JIeMEHTBI, KaK MEPEXOTHBIC
metajutbl Ni, Mn, Co, Tak u cepa, pacupeaeneHbl TOMOTE€HHO.

Ha ¢ur. 4 npencrapieHbl KapThl paclpenesieHus: 3JIeMEHTOB, MOJYYeHHbIe ¢ MOMOIIBIO
OJIC, nemMoOHCTpHpYIOIIHUE MPOCTPAHCTBEHHBIE pactpeneaeHus 3aemMerToB Ni, Mn, Co u S ans
COCAUHECHUA-IPCAIICCTBEHHHUKA, MOJYUCHHOI0 COrJIACHO MNPUMEPY 2. CormacHo NMOJTY4YCHHBIM
AaHHBIM COOTHOHMICHUEC TMEPEXOAHBIX MECTAJUIOB U CEPbl B COCAMHCHUU-TIPCAIICCTBCHHHUKE
coctaisgeT Ni:Mn:Co:S=(8.02+0.03):(0.85+0.03):(0.99+£0.02):(0.02+0.01), BCe >JIeMEHTBI, KakK
nepexonubie Metasuibl Ni, Mn, Co, Tak u cepa, pacnpeaesieHbl TOMOT€HHO.

Ha ¢ur. 5 npencrapieHbl KapThl paclpenesieHus: 3JIeMEHTOB, MOJYYeHHbIe ¢ MOMOIIBIO
OJIC, meMoHCTpUpYIOLIHE MPOCTPAHCTBEHHBIE pacupeneneHus saemeHToB Ni, Mn, Co st
COCAUHECHUA-TIPCAIICCTBEHHUKA, TIOJYYCHHOMY COTJIaCHO IIPUMEPY 3, B34ATOI'O B Ka4ECTBEC
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oOpasua cpaBHeHHs IIsi 00pasia, MOJyYeHHOro corjliacHo npumepy 1. CorniiacHO MONy4eHHBIM
JAHHBIM COOTHOIIEHHE TEePEeXOIHBbIX METAJUIOB B COSAMHEHUU-MPENIIECTBEHHUKE COCTaBIISET
Ni:Mn:Co=(8.34+0.49):(0.78+0.36):(0.88+0.14), Bce mepexonubie Metayyibl - Ni, Mn u Co -
pacmpenesieHbl TOMOTeHHO. B TO ske Bpemsi B TaHHOM COENMHEHHH-TPENIIeCTBeHHIKE He ObLIO
OOHapyKEHO KaKUX-THO0 MOCTOPOHHHUX MPUMECEH, B TOM HUCJIE CEPOCONEPKAIUX COSTHHEHUN.

Ha ¢ur. 6 npencrapieHbl KapThl paclpenesieHus: 3JIeMEHTOB, MOJYYeHHbIe ¢ MOMOIIBIO
OJIC, nemoHCTpUpYIOIIHE MPOCTPAHCTBEHHBIE pacrpenesieHus: snemeHToB Ni, Mn u Co ans
COEIMHEHUS-TIPEAIIISCTBEHHUKA, TOJYYSeHHOMY COTJIAaCHO mpuMepy 4, B3SITOrO B KauyecTBE
oOpa3ua CpaBHEHHs IJIsl COSAUMHEHUS-TPEAIISCTBEHHUKA, TTOJYYSEHHOTO COTJIACHO MpuMepy 2.
CornacHO TMOJYYeHHBIM JaHHBIM COOTHOIIEHUE TIEPEXOJHBIX METAJUIOB B COEIUHEHUH-
npenmecTseHHUKE cocTapisieT Ni:Mn:Co=(7.96+0.55):(1.02+0.53):(1.02+0.05), Bce nepexonHbie
metael - Ni, Mn u Co - pacnpeneneHbl TOMOT€HHO. B TO ke BpeMsi B JaHHOM COEIMHEHUU-
MpeIIIeCTBeHHUKE He ObLIO OOHAPYKEHO KAKUX-JTUOO MOCTOPOHHUX MPUMECEH, B TOM HYHCIE

CepPOCONIEePIKANX COSTUHEHUH.

Ha ¢ur. 7 mpencraBneHsl peHTTeHOrpaMMbl (PEHTT€HOTPAMMBI  TMOJYYEHBI C
ucnonb3oBaHueM Co Ky M3iydeHHs) KOMIIO3UTHBIX KATOAHBIX MaTE€PHAaJOB, MOJYYEHHBIX IO
npuMepam 1 1 2, a TaKke peHTTeHOrpaMMbl 00Pa3IoB CPABHEHUS, MOJIYYEHHBIX MO MpUMepam 3
u 4. CornacHo pe3yJbTaTaM peHTreHO(pa30BOrO aHalM3a, BCE IOJYYEHHbIE OOpasLbl
NPEACTABISIIOT co00i OnHO(a3HBIE CMEIIaHHbIE OKCHUABI MEPEXOJHBIX METAJUIOB CO CIOMUCTOHN
cTpykrypoil. IlpuBeneHHblE PEHTIEHOTPaMMbl OBLIM MPOWHAMLIMPOBAHBI B COOTBETCTBHH C
NpoCTpaHCTBeHHONW rpymnmoit  R-3m. Ilpounmx kpucramiamueckux ¢a3, B TOM YHUCIE
cepocozepskalmnx, He ObUI0 OOHAPYKEHO, YTO CBUAETENBCTBYET O TOM, YTO CEPOCOAEPIKAIINN
KOMITOHEHT TpeacTaBJsier codolt amopduyro dasy.

Ha ¢ur. 8 npencrapieHbl KapThl paclpenesieHus: 3JIeMEHTOB, MOJYYeHHbIe ¢ MOMOIIBIO
OJ1C, neMOHCTpUpYIOIIHNE MPOCTPAHCTBEHHBIE pacrpeneieHus sneMeHToB Ni, Mn, Co u S s
KOMITO3UTHOTO KaTOIHOTO MaTepuajia, MOJYYeHHOMY COMJIACHO MPUMEPY S5, W3 COSNUHEHUS-
MpeIIIeCTBeHHNKA, MOJYy4eHHOro corjacHo mpumepy 1. CorjgacHO NONyYEeHHBIM IaHHBIM
COOTHOIIEHUE TIEPEXOAHBIX METAJJIOB M CEPbl B KOMIIO3UTHOM KaTOIHOM MaTepHajie COCTaBIISIET
Ni:Mn:Co:S==(7.92+0.37):(1.03+0.25):(0.99+0.15):(0.05+0.03), BCe nepexoanHbie MeTaJIbI - Ni,
Mn u Co - pacmpenenensl romoreHHo. KapTta pacmpeneneHus cepbl U KUCIOPOaA AJisi JAHHOTO
KOMITO3UTHOTO KAaTOAHOTO MaTepuajia JEMOHCTPHUPYET, HYTO CEepOCONep Kaiquii KOMIIOHEHT
KOMITO3UTHOTO MaTepuaja pacroyiaraercs Kak B 00beMe KPUCTATUTOB, TaK M HAa MOBEPXHOCTH,
0COOEHHO BBICOKAs JIOKAJTN3ALHsI HAOMIOIaeTCsl Ha TPAHULIAX 3EPEeH.

Ha ¢ur. 9 npencrapieHbl KapThl paclpenesieHus] 3JIeMEHTOB, TOJYYeHHbIe ¢ MOMOIIBIO
OJ1C, neMOHCTpUpYIOIIHNE MPOCTPAHCTBEHHBIE pachpeneieHus saemMeHToB Ni, Mn, Co u S mns
KOMITO3UTHOTO KAaTOAHOTO MaTepuajia, MOJIyYeHHOMY COTJIACHO MpPHMEPY S5 U3 COeIUHEHUs-
MPeIIIeCTBeHHNKA, MOJy4YeHHOTrO cornacHo mnpumepy 2. CoOrjacHO NONyYEeHHBIM ITaHHBIM
COOTHOIIEHHE TIEPEXOIHBIX METAJJIOB U CePbl B KOMIIO3UTHOM KaTOAHOM MaTepHalie COCTABIISIET
Ni:Mn:Co:S= (7.92+0.09):(0.99+0.04):(1.06+0.06):(0.03+0.02), Bce nmepexonnbie MeTaybl - Ni,
Mn u Co - pacnpenenensl romoreHHo. Kapra pacnpeneieHusi cepbl U KHCIOPOIa JJisi JAHHOTO
KOMITO3UTHOTO KAaTOAHOTO MaTepuajia JEMOHCTPHUPYET, YTO CepoConmepsKaiquii KOMIOHEHT
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KOMIIO3UTHOTO MaTepuaja pacroyiaraercsi kKak B 00beMe KPUCTAJUIOB, TaK M Ha MOBEPXHOCTH,
0COOEHHO BBICOKAS JIOKAJTM3ALUs HAOMOJaeTCsl Ha TPAHULAX 3€PEH.

Ha ¢ur. 10 npencraBneHsl KapThl pacHpeneIeHUs] SJIEMEHTOB, TIOIYUYE€HHBIE C TTOMOLIBIO
OJIC, nemoHCTpUpYIOIINE MPOCTPAHCTBEHHBIE pacrpenesieHus: snemeHnToB Ni, Mn u Co ans
KaTOAHOIO MaTepuaa, MoJy4eHHOMY COIJIACHO MPUMeEPY S, U3 COeUHEHUs-NPEAIIEeCTBEHHUKA,
MOJIYYEHHOTO corjlacHO npumMepy 4. CoriacHO MOJTyYEeHHBIM JaHHBIM KOMIIO3UTHBIM KaTOIHBII
mMatepuan umeer coctaB LiNipsMno 1Co00.102, Bce mepexomubie metamibl - Ni, Mn u Co -
pacrpeneneHbl FOMOreHHO. B TO ke BpeMsi B JaHHOM CO€AMHEHUU-NPEJIECTBEHHUKE He
O0OHapy’KEHO KaKUX-THOO MMOCTOPOHHUX MPHMECEH, B TOM YHCJIE CEPOCONEPIKAIINX.

Ha ¢ur. 11 npencraBneHsl KapThl pacpeneIeHUs] SJIEMEHTOB, TIOIYUYE€HHbBIE C TTOMOLIBIO
OJIC, nemoHCTpUpYIOIIHE MPOCTPAHCTBEHHBIE pacnpeneneHus sjaeMeHToB Ni, Mn u Co mns
KaTOAHOIO MaTepuaa, MoJy4eHHOMY COIJIACHO MPUMeEPY S, U3 COeUHEHUs-NPEAIIEeCTBEHHUKA,
MOJIYYEHHOTO corjacHO npumepy 4. CornacHO MOJTyYEHHBIM JaHHBIM KOMIIO3UTHBIM KaTOIHBIN
matepuan umeer coctaB LiNigsMno.1Co00.102, Bce mepexomnsie meTtamibl - Ni, Mn u Co -
pacrpeneneHbl F'OMOreHHO. B To ke BpeMs B JaHHOM COEIMHEHUHU-NPEJLIECTBEHHUKE He
O0Hapy’KEeHO KaKUX-THOO MMOCTOPOHHUX MPHUMECEH, B TOM YHCJIE CEPOCONCPIKALIHX.

Ha ¢ur. 12 npencraBneH CnekTp XapaKTEPUCTHUECKUX IMOTEPh HSHEPTHU 3JIEKTPOHOB
BOMM3n L Kkpast cepbl IJIsl KAaTOMHOTO MarepHuaja, IMOJYYEeHHOTO COIJIaCHO MpHMepy S5 u3
COeIMHEHUA-NIPEIIECTBEHHNKA, IMOJy4eHHOro cornmacHo npumepy 1. Kak Buano, L kpai
MOTJIOINEHHUsS] CePhl MMEET CJIOXKHYI0 (OpMy C TpeMsl XapaKTepPHbIMH OCOOEHHOCTSIMU CO
3HA4YeHUsIMU SHepruu norsiowenus 174 5B, 182 5B u 197 3B, kotopeie cOOTBETCTBYHOT L2 3
nepexonaMu BOJM3M BaJieHTHOMU 30HBI cepbl. Cornacuo padorte [F. Hofer, P. Golob, New examples
for near-edge fine structures in electron energy loss spectroscopy, Ultramicroscopy, 21, 379-384
(1987)], nmamnast (opma CHeKkTpa XapakTepHa MJii Cepbl B CTEMEHU OKHUCIEeHus +6 B
TETPadPUUECKOM OKPY>KEHUH, YTO MO3BOJISIET CAENATh BbIBOJ O TOM, YTO cepa NMPUCYTCTBYET B
JIAHHOM KOMTIO3UTHOM KaTOIHOM MaTepuae B Gopme cyabdar anuona SO4%.

Ha ¢ur. 13 nponeMoHCTpUPOBaHbI 3aBUCUMOCTH yAESITBHOMN Pa3psIHON €eMKOCTH KATOTHBIX
MaTepuajioB, TOJYYEHHBIX COTJACHO TIpUMEPY S U3 COEAMHEHUS-TPENIIEeCTBCHHUKA,
MOJIYYEHHOTO COTJIacHO mnpumepam 1-4, ot HoMmepa uukja. [{UKIMpoOBaHME BCEX KAaTOIHBIX
MaTepHAIOB MPOBOAMIOCH MPH PA3JIMYHBIX CKOPOCTSIX B AUANA30HE NOTeHUUAN0B 2.5 —4.3 B oTH.
Li/Li* mo cnenyrorueii nporpamme: 5 nukioB — 0.1C, 5 uuknos — 0.2C, 5 nukios — 0.5C, 5 nukjios
—0.2C, 5 nuknoB — 1C, 5 nuknos — 0.2C, 100 muknoB — 1C, rae C = 200 MA/r. KoMno3uTtHbie
KaTOJHbIE MaTE€PHAaIIbl, TIOJYUYECHHbIE COTJIACHO MPUMEPY 5, U3 COSAUHEHUN-TTPEAIIeCTBEHHUKOB,
MOJIYYEHHBIX COTJIACHO mpumepaM | m 2, obmamaroT Oojiee BBICOKOH YAENbHOW pa3psaHON
€MKOCTBIO TTPH PA3IUYHBIX CKOPOCTSX, a TaKXkKe 00Jiee BBICOKOH CTa0MIIbBHOCTBIO TPH AITUTEIBHOM
LUKJIUPOBAHUM MO CPABHEHUIO C KATOAHBIMHU MaTepUallaMH, MOJYYEHHBIMU W3 COCIUHEHUM-

MPEeALIEeCTBEHHUKOB, MTOJy4€HHBIX COIJIaCHO npuMepam 3 u 4.
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OCYHIECTBJIEHUE U30BPETEHUA

B HmxecneayroliemM OnucaHUM NMPUBENEHbI CPEICTBA U METOABI, C MOMOIIBIO KOTOPBIX
MOJKET OBITh OCYINECTBJICHO HACTOsIIee HM300peTeHHe, a TaKKe NPUBEACHbI MPUMEPHI €ro
peannzanmm.

TepMUH «aKTHUBHBIA KAaTOAHBIM MaTepua», UCIOJb3yE€Mblii B HACTOSLIEM OIHUCAHUH,
o0O3HauaeT Marepual, KOTOPbIH MOXKET BXOOUTh B COCTaB KaTOAA B JJIEKTPOXHMMHUYECKHX
UCTOYHHKAX TOKAa M KOTOPBIH CIOCOOEH K CBSI3BIBAHUIO M BBICBOOOXKIEHUIO (MHTEPKAALUU U
IEVHTEPKAISALN) HOCUTENIeH 3apsiia mpu paboTe TAKOro HCTOYHHKA.

IlonyuyeHue axkTUBHOIO KaTOAHOIO Marepuana Ajs JIMTUH-UOHHBIX aKKyMyJISITOPOB,
NPEACTABISIFOIIEro COOOH Cepocoaep KAl KOMITO3UTHBIN MaTepual, ConepKamnuii KOMIIOHEHT
B BHIE CJOUCTBIX OKCHIOB TNepexonHbix MeTauioB — LiNixMnyCo,AvO2 u amopdHbIi
cepocofiepkaluii KOMIoHeHT — LigSpOc , IpU 3TOM KOMIO3UTHBIH MaTepuall MpercTaBisieT
coboit coemunenue ¢ Qopmymnoii (1-a)LiNixMnyCo,AyO2-aLiaSyO:, rame 0.0001<a<0.02,
0.3<x<0.85, 0<y<0.3, 0<z<0.3, A — nerupyromas nobaska (Al, Mg, Zr, W, Ti, Cr, V u ap.), v<0.1,
x+y+z+v=1, 0.001<b<2 u 0<c<8, 0.001<d<2, cocTOMT W3 IBYX IMOCJIENOBATEIbHbIX 3TAIOB:
CUHTE3 COEIMHEHUA-NPEIIeCTBEHHNKAa U BBICOKOTEMIIEPaTYPHBIH OT)KUI CMECH COEIUHEHUs-
NPEAIIECTBEHHUKA M WCTOYHHMKA JIMTHUS, NPEACTABILIIOMEro coOOHW JUTHH conepikalnee
coenunenue, Hanpumep, LiIOH, LiOH-H>0, Li»CO3, LiCH3COO, Li2C204, LiNO3 nnu ux cMecw,
npeanoututeapbHO LiOH, LiOH-H2O, Li2CO3 unu ux cmecu.

CoenuHeHne-peAIeCTBEHHUK, MTPEACTAaBIsoIee coO0i cepocoaepKaliii CMEeTaHHbIH
runpokcun uwiu okcuruapokcun cocrasa NixMnyCo,Om(OH)226(SvO¢)r i cepocomepskamuii
cmernannbiii kapboHaT NixMnyCo,(CO3)1-¢(SpOc)s (0.3<x<0.85, 0<y<0.3, 0<z<0.3, 0<m<l,
0.001<b<2, 0<c<8, 0.0001<f<0.05, 0.0001<g<0.02) ™mokeT OBITb TOJYYEHO C TOMOIIBIO
CIIEYIOIUX METOJIOB. COOCAXKAEHHE, THAPOTEpMalbHBIH U COJIbBOTEPMANIbHBIN, BKIOYAs
AaKTUBALIUI0O MHUKPOBOJHOBBIM H3Jy4€HHEM, 30JIb-Tejlb U JIpyrue, TaK Ha3bIBa€Mble, METOJIbI
«msArkoi» xumun. Jlanee Oynmer Oonee mnoxpoOHO NPUBEAEHO TNOJNYYEHHE COENUHEHHs-
MpeLIeCTBEHHUKA METOAOM COOCAKIEHHUS.

XUMHUECKHEe COCOMHEHUS ISl UCIOJB30BAHUS B HACTOALIEM H300PETEHUU SIBIISFOTCS
KOMMEPUYECKH JOCTYIHBIMUA HJIM MOTYT OBITH IOJy4eHBb! JFOOBIMH W3BECTHBIMH CIOCOOAMH U3
JOCTYIHBIX PEAKTHBOB.

B KkoHTekcTe HacTosmero H300pETeHHs IOJ TEPMHUHOM «HHEpPTHast arMochepar
NOHUMAKOT arMocepy rasa WM CMECH Ta30B, KOTOPbIE IO CYIIECTBY HE pPEarupyrT ¢
KOMIIOHEHTaMU peakLUuOHHON cmecu. IlpumepamMu Takux ras3oB SIBISIIOTCA BOAOPOJ, a30T,
Onaroponubie raspl, CO w/mnm ux cMecn. B KkadecTBe HMCXOOHBIX PEAreHTOB MOTYT OBITh
UCTIONB30BaHbI pa3inyHble HcTouHUKY Ni, Mn u Co, obnamaromie BBICOKOH pacCTBOPUMOCTBIO B
BOzme, ays oOecreueHWs] BBICOKOW CTENeHM TOMOIEHH3alMld METAUIOB B COENUHEHHH-
npealiecTBeHHUKe. [l MpUroTOBJIEHHUs] BOAHOIO PAacTBOpa COJieH MepeXOJHBIX METaJUIOB C
koHueHTpanued ot 0.1 mo 2 M, conepskaiero Takke HOHbI-UCTOYHUKHU CEPbI, HEOOXOIUMO B3SITh
XOpPOLIO PacTBOPUMBIE B BOJIE CONTH Nepexoanbix MeTauioB (Ni, Mn, Co), Takue kak, Harpumep,
Cynb(aThl, XJOPUABI, ALlETaThl, HUTPATbI U AP. MIH UX CMeCh. B ciydae mcrnonbp3oBaHus coneit
MEPEXO/IHbIX METANJIOB, KOTOPbIE HE COJIeP>KaT HOHBI-UCTOYHUKHU CEPBI, K PACTBOPY MEPEXOAHBIX
METAJUIOB HEOOXOIUMO NOOABUTH XOPOIIO PACTBOPUMBIE MCTOYHHKH CEPOCONEPIKAIIUX HOHOB,

KOTOPBIC, B TO K€ BPEM HE 6YI[YT BCTYIIaTh B XUMHUYECCKHUE PCAKIIUUN C KOMIIOHCHTAMU paCTBOpa
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nepexonHbx Merauios, HanpuMep, HaSO4, (NH4)2SO04, Na2SO4, KoSO4 u npyrue. Ilonydennsiii
pacTBOp HEOOXOIMMO BHECTH MTPH ITIOCTOSTHHOM IEPEMEIINBAHUH B PEAKTOP Iy TEM IOCTETIEHHOTO
no0aBJIEeHUs] PEAreHTOB C 3aJaHHOW CKOPOCTBIO, MPHU 3TOM OJHOBPEMEHHO C PaCTBOPOM-
HCTOYHUKOM MEPEXOHBIX METAJJIOB U CEPOCOJEPKALINX UOHOB B PEAKTOP C TOH e CKOPOCTbHIO
JOJDKEH BBOIUTCSI OCAIUTENb — BOAHBIA WM BOAHO-aMMHUAYHBIA PAacTBOP THAPOKCHUAA HWIIH
kapOOHaTa LIEJOYHOTO METAIA, HAPUMED, HATPHS, WJIH KAJIHs, WIIH Le3usl, IPEATIOYTUTENBHO,
HaTpus Win kanus. Bo3sMOKHO BBeleHHE CEpOCOAEpKallMX MOHOB B PACTBOP OCaAUTENs, MPU
YCJIOBUH, YTO MCTOYHUK CEPOCOJEPKAIIMX MOHOB XOpOLIO pacTBOPUM B BOJAE U He
B3aUMOJIEIICTBYET C KOMIIOHEHTaMHu ocaauTens. B peaklnoOHHOM cocyie MpenBapUTEIbHO
co3llaHa MHEPTHAs aTMocdepa, MPEANOUTUTEIBHO ¢ IOMOIIBIO aproHa WK a30Ta, BO U30exaHne
OKHCJIEHHsI COCTaBJISAIOLIMX KOMIIOHEHTOB peakLIMOHHON cMecu. Ha npoTsbkeHuu Bcero CHHTE3a
HEoOXOIMMO MOANEPKUBATH TOCTOsTHHOE 3HaueHue pH ot 7.3 no 12, mpeanoururensHo, 10.5-11.5
B CJIy4ae IMOJTy4eHUs THAPOKCUAHOTO W/ HITH OKCUTHAPOKCHIHOTO COETUHEHHUS - IPEAIIECTBEHHUKA
u 7.3-9.0, nmpeamoututenvHOo 7.7-7.8, B ciy4ae mNONyuYeHHs KapOOHATHOTO COEOUHEHMS-
MpeLIeCTBEHHNKA; 3HAU€HUE TeMIIepaTypbl MOANEPKUBAETCA Ha NMOCTOSHHOM ypoBHe 40-60°C,
npennoututenbHo, 50-55°C. IlepememnnBaHue MAOKHO OCYLIECTBIATBHCS HENPEPHIBHO HAa
NPOTSDKEHUH BCETO CHHTE3a COeNMHEHHsI-TTpeInecTBeHHnKa. HermocpencrsenHoe hopMupoBannue
YaCTULl COeIMHEHUS-TPEILIIECTBEHHNUKA B MPOLIECCE COOCAKAEHUS MOKET 3aHUMATh OT 20 MUHYT
10 5 YacoB, B 3aBUCHMOCTH OT BbIOPaHHBIX HMCXOAHOH KOHIEHTPALWH PacTBOPA-UCTOYHHKA
NEePEXOAHBIX METAJUIOB U CKOpOCTell 100aBIeHUsI 3TOrO pacTBOpa M pacTBopa ocaautess. [
«CTapeHus» 4YacTUL] COEAUHEHMS-TIPEALIECTBEHHNKA PEaKLHUOHHYI0 CMECb  OCTaBJSIOT
nepeMeIuBaTbCs Ha 2-12 4acoB ¢ MOAIEp:KaHUEM HHEPTHOW aTtMochepsl, TeMrepaTypbl U
CKOPOCTH MepeMeLIMBaHus, Mocle Yero MoJyuyeHHbIe YaCTULbl COeANHEHMSI-TIPeIIIECTBEHHUKA
OTAENSIOT OT pPacTBOpa LEHTPUPYTUPOBAHHEM WK (UIBTPOBAHHEM, 3aTE€M MHOTOKPATHO
NPOMBIBAIOT AENOHU3UPOBAHHON BOOH M BBICYIIHUBAIOT B JUHAMUYECKOM BaKyyMe B TEUCHHE 8-
12 gacos npu Temniepatype 80-120°C, npennoururenbao 85-95°C. @opmupoBaHue COCTUHEHUS-
NPEAIIECTBeHHUKA YCTAaHABJIMBAIOT METOIOM PEHTTeHO(hA30BOr0 aHAIN3A, & COIEPIKaHUE CEPhI B
HEM — C [IOMOIIbIO HEPTOAUCTIEPCUOHHON PEHTI€HOBCKOHN CIIEKTPOCKOMUH.

Jlnsg monydeHusl cepocOepsKallero KOMIO3UTHOIO aKTHBHOIO KAaTOAHOIO MaTtepualna
MOJIYYEHHOE COeIMHEHHE-TPEAIECTBEHHUK HEOOXOAMMO CMEIIAaTh C HCTOYHUKOM JIUTHSL, B3STOTO
¢ u30pITkoM 0.01-10% oT HEOOXOAMMOTO MO CTEXUOMETPUIECKOMY COCTaBY, PEATIOUYTUTENBHO,
3-6%, v TOABEpPrHYTh BBICOKOTEMIepaTypHOUl 00paboTke Ha BO3Ayxe WU B arMmocdepe
KHMCJIOPOJia, UJIM B CMECH a30Ta U KUCJIOPOa, WIKM B CMECH aprOHa M KMCJIOpOAa IPpU TeMIiepaType
500-1000°C, mpeamnoututenbHo 750-950°C.

O0pa3zupl MaTepuaioB ObUTH OXapaKTePU30BAHBI HEOOXOAUMBIMU (PH3UKO-XUMHUYECKUMU
MerogaMu  HuccienoBaHus. Da3oBblii  cocTaB  00paswoB  ObLT  YCTAHOBJIEH METOAOM
pearrenodaszosoro aHaigmsa (mudppaxkromerp Huber G670, Co Kq usnydenwue). JlokanbHBIN
XUMHUYECKUI COCTaB, aHAJN3 MPOCTPAHCTBEHHOTO PAaCIPEACIICHUs 3JIEMEHTOB B 00beMe 00pas31oB
U aHAJIN3 KOOPAWHALIMOHHOTO OKPY)KEHHs] U BAJEHTHOTO COCTOSHUSI Cepbl ObUIM HM3Y4YeHbI C
MOMOIIBI0 TPOCBEYMBAIOIIEH 3JeKTpOHHOW MuKpockormuu (mukpockorn Titan Themis Z,
yckopsiromnee HanpspkeHue 200 kB, o0opynoBaHHBIM mpuCTaBKOH Super-X Al TPOBENEHHS
SJIEMEHTHOIO  aHaju3a C  WCMOJNb30BaHMEM  OHEPrOAMCIIEPCUOHHON  PEHTIe€HOBCKOM
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cnektpockonuu (3/C) u npuUCTaBKON IJIsl U3MEPEHUS CIEKTPOB XaPAKTEPUCTHUECKUX TOTEPh
sHeprun 3nekTpoHoB (CXIT33) Gatan Quantum ER965).

CornacHo peHTreHo(pa30BOMY aHAIN3Y, BCE MOJYUYEHHbIE COSAMHEHUS-TIPEIIECTBEHHIKH
NPEACTABISIIOT OO0 omHO(MA3HBIM cMeInaHHbIN rupokcu wim okcuruapokcua Ni, Mn u Co co
cTpyktypHbiM TUTIOM [B-Ni(OH)2 (®wur.1) wnm omHodasHbIi cepocomepkaliuil CMeNIaHHbIN
kapoonat Ni, Mn u Co co crpykrypHbiM THIIOM NiCO3-H20 (@ur.2). C nomompro 3/C Obuio
MPOAEMOHCTPHUPOBAHO, YTO Kak mepexonaHbie Metauibl, Ni, Mn, Co (®ur. 3-6), Tak u cepa (Pwr.
3, 4) TOMOreHHO pacHpeneNeHbl M0 BCeMy OOBEMY COCAMHEHUH-TIPENLIECTBEHHUKOB. Takum
00pa3oM, B COOTBETCTBHUH C Pe3yJIbTaTAMHU NMPOBEACHHBIX H3MEPEHHIH MOYKHO CIENIATh BBIBOJ, YTO
BCE COCIMHEHUS-TIPEALIECTBEHHUKH, TMOJNyuYeHHble W3 pacTBOpoB cyibdaroB Ni, Mn u Co,
SIBJISIFOTCSL  CEpOCOAEpKAIUMH CMEIIaHHBIMU TUAPOKCHAAMH MJIM OKCUTHAPOKCUIAMHU WU
kapOOHaTaMH, MpUYEM BBEACHHUE CEPhI HE BIMSIET HA KPUCTAIUIMIECKYIO CTPYKTYPY COSTUHEHUI -
MpeLIeCTBEHHUKOB.

C moMo1IbI0 JTaHHBIX METOIOB OBLT TAKXKE U3yUeH KOMITO3UTHBIA MaTepHal, sSIBJISIOIIUICS
AKTUBHBIM KAaTOAHBIM MaTepHaOM MJi JIUTUH-UOHHBIX aKKyMyJsTopoB. Tak, pe3yjbTaThbl
perrreHodaszoBoro aHanmmuza (Pur. 7) CBUIETENBCTBYIOT 00 0OpasOBaHHH KPUCTAIHYECKOTO
CMEIIAHHOTO OKCHAa JUTHs U nepexonHbix MeTauioB Ni, Mn u Co co cioucToil cTpykTypoit
(mpoctpancTBeHHas rpynmna R-3m). IlpucyTcTBue nmpovynx KpHCTaLIMUECKnX (a3, B TOM 4YHUCIe
cepocozepsKalnx, He ObIJIO YCTAHOBJIEHO C MOMOIIBIO JAHHOTO METOJA, YTO CBSA3aHO C TEM, YTO
cepocoziepKaluil KOMITIOHEHT TpeacTaBisier coboii amopdryro ¢asy. nsd moaTBep:kaeHUs
MIPUCYTCTBUS CEPOCOAEPKAINX KOMIIOHEHTOB B KOMITO3ULIMOHHBIX KATOJHBIX MaTepuaiax aajee
Obpun ncnonbp3oBanbl MeTonrl JJIC u CXIID3. bnarogaps 3THM MeTOAaM, a TaKKe KapTam,
JEMOHCTPUPYIOLIUM paclpesiesieHne MepexOoJHbIX METajulOB, Cepbl U KHUCIOpPOJa B ciydae
KOMITO3UTHBIX KaTOAHBIX MaTepuaynoB (Pur. 8, 9, 12), ObUIO YCTAHOBJIEHO, UTO 3asBJISIEMBIN
AKTUBHBIA KaTOOHBI MaTepuas MpeacTaBiseT coOOH He YTO MHOE KaK KOMIIO3UT Ha OCHOBE
CJIOUCTOrO CMEIIAHHOr0 OKcuaa nepexoaHbix MetawioB LiNixMnyCo,O2 u komnonenra LiaSpOc
Ha OCHOBE Cynbdar-annona SO4>, TOKATM30BAHHOTO Ha TIOBEPXHOCTH 3€PEH, HA MEK3EPEHHbIX
rpaHHIlax U B MECTax KOHTakTa 3epeH kommnoHeHta LiNixMnyCo,A,O2, Tak u pacnpeneneHHoro
10 BCEMY MaTepuay.

JUIs TPUTOTOBIEHHUS BIEKTPOAHONW KOMITO3ULMH (KaTOOHOW MAacChl) ITONTYYEHHBIN
aKTHUBHBIN KaTOAHBIA MaTepHall CMELUIMBAIOT C OJHOM MJIM HECKOJBKUMHU 3JIEKTPONPOBOASLINMHU
no0aBKkaMH U CBS3YIOIIUM BeIIECTBOM. B kadecTBe 3yeKTpompoBomsiield H00aBKH MOTYT
UCTIONIB30BAThCS, HAIPUMEp, pasiuyHble (GOpMBI yriepona, B T.4. rpadur, caxka, aMopQHbIH
yIJIEepOA, YIIepOaHble HAHOTPYOKH U (PyJuiepeHbl, MPOBOSIINE MMOJUMEPHbIE MaTepuaibl (Ha
OCHOBE TMOJIMAHWJIMHA, TOJUIUPOIIIA, HonmdTIieHnuokcutnodpena) u 1. CopeprkaHue
3JIEKTPONIPOBOAALINX NOOABOK B 3JEKTPOJHOH KOMIO3MLMU MO HM300PETEHHIO MOXKET
BapbupoBatheest oT 0.1 mo 20 macc. %. B kadecTBe CBA3YIOLIErO MOTYT OBbITh HCIIOJIBb30BAHbI,
HATpuMep, PacTBOp NONUBHHWIMACH(GTOpUIAa B N-MeTWI-2-TUPPOJIHIOHE WIH CYCHEH3UsS
nepdropnomsTunena (proporutact, TeduioH) B Bone. Comep:kaHue CBSI3YIOIIErO B 3JIEKTPOTHOM
KOMITO3UIIMH MOXKeT BapbupoBatrbcsi or 1 no 20% wmacc. %. Karog ans nuTHii-MOHHOTO
AKKyMYyJISITOpa MOXKET OBbITh M3TOTOBJIEH M3 KaTOJHOW MacChl U3BECTHBIMH B JaHHOH oOjacTu
TEXHUKU MeToaaMu. [l mpoBeaeHHs 3JIeKTPOXUMHUUYECKHUX HUCIIBITAHUN MaTepuajoB METOOM

rajabBaHOCTATUYCCKOTO HUKIIMPOBAHUA co61/1pam/1 HOHYﬂqeﬁKH AUaMETPOM 20 MM C dHOIOM u3
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Metajuindeckoro nutusa. B kadectse snekrposura Obut B3AT 1M pactBop LiPFe¢ B cmecu
OpPTaHUYECKUX PACTBOPUTENEH 3THIIEH KapOOoHaTa, MPOMWIeH KapOoHaTa 1 IUMETHI KapOoHara,
B3SThIX B 0ObeMHOM cooTHomeHun 1:1:3, cooTrBercTBeHHO. B kadecTBe cemaparopa
HCTIOJIB30BAJIOCh OOPCHIIMKATHOE CTEKJIOBOJIOKHO. Sdeliku cobupanu B nepyaTodHoM Ookce M-
Braun ¢ armocdepoii aprona. K katogHol cmecH, cocrosimeii u3 80 macc.% akTHBHOTO KaTOIHOTO
marepuaina, 10 macc.% caxu Super-P u 10 macc. % nonuunmmaenpTopuna, nodasmsm 300-400
MKJ N-MeTUI-2-NUpPONUAOHA U MEXaHUYECKH TOMOT€HU3UPOBAIN A0 MOJY4YEHHUs] OJHOPOIHOM
cycrneH3uu. IlonydyeHHyr0 CyCNEeH3MI0 HAHOCWIM Ha MOKPBITYIO YIJIEPOAOM AJTIOMUHUEBYIO
MOJUIOKKY (TOKOCBEMHHK) C TIOMOLIBIO aBTOMAaTHYecKoro amrimkaropa Zehntner ZAA 2300,
CYIIMIM U TIPOKATBHIBATN HA BANbIAX, 3aT€M BLIPE3ajH 3NEKTPOMbI MIOMAABI0 2 CM>, KOTOPBIE
B3BEINMBAIN U OKOHYATETBHO BHICYIIMBAJIH TIPH OHIKeHHOM Aasnernu (1072 atm) mpu 120°C B
TedeHue 12 4YacoB IUIs YAAJNEHHs OCTATOYHOW BOJABI M PACTBOPUTENS (TUMHMYHAs MAaccoBas
3arpy3ka snekTponos 1.5 mr/em?).

DNEeKTPOXUMHUYECKHE HCIBbITAHUS MPOBOAUIMCH C IOMOIIBIO TaJlbBAHOCTATUYECKOIO
LIUKJIMPOBAHUS NpU pa3ndHbx miotHOCTAX Toka (0.1C, 0.2C, 0.5C u 1C, rne 1C= 200 MA/r) B
nuana3one noreHuuanos 2.7—4.3 B orH. Li/Li* (®ur. 13). C noMOIIbI0 JaHHBIX U3MEPEHHH ObLIO
YCTAHOBJIEHO, YTO AKTUBHBIE KATOJHBIC MaTEPHAJIbI, MPENCTABIISIOLINN COOOH KOMITO3UT COCTaBa
(1-a)LiNixMnyCo,AO2-al.igSpOc, N3roToBIEHHbIE COTJIACHO puMepaM 1, 2 u 5, 1eMOHCTPUPYIOT
OoJ1ee BBICOKHMI IUKIUUECKUH PECYPC, UTO BBIPAKAETCs B O0JIee BBICOKOM MOKa3aTese yaep KaHus
emkoctu nocie 100 mukios npu 1C, a Takxke Oosee BBICOKHE 3HAUEHHs YACTbHOH paspsimHON
€MKOCTH TP Pa3HBIX IUIOTHOCTSIX TOKA MO CPABHEHUIO C KaTOAHBIMU MaTepHuajaMHi CpaBHEHUS,
HE BKJIIOYAIOLMMHU CePOCOAepKalllero KOMIIOHEHTA, U3TOTOBJIEHHBIMH COTJIACHO Npumepam 3, 4
nu 5. Takoe yiydlleHHe OSKCIUTyaTaLlMOHHBIX XapaKTePUCTHK KAaTOAHBIX MaTepHUalioB
o0ycnaBnnuBaeTcs IPUCYTCTBUEM amopdHOTO CEepOCoepIKaLero KOMITOHEHTAa,
NPEACTABISIOIIEro co0ol cynbdaT u/umi mupocyiabdar u/umm cyabpuT u/umm cynbdun n/mm
THOCYJIb(AT JUTHS WM HUX CMechb. Tak, Uit 0Opas3loB, MOJYYEHHBIX W3 CEPOCOAEPIKALIETO
TUJIPOKCUAHOTO UM OKCUTHJIPOCKUHOTO COEMHEHUs -ITPEILIeCTBEHHUKA, YAep)KaHuEe eMKOCTH
yBeauuuiaoch npuMmepHo Ha 10% mpu niuTenbHOM LUKIMpoBaHUU Ha ckopoctu 1C, a ans
00pa31oB, MONTy4YEeHHBIX U3 KapOOHATHOTO COCAMHEHUS-TIPEALIECTBEHHIKA — Ooee ueM Ha 5%.

Tabnuna 1
DICKTPOXUMHUUCCKASI EMKOCTh Coxpanenne
Tpmviep Ic, PaspsaIHON EMKOCTH
0.1C, MAu/T 0.2C, MAY/T 0.5C, MAu/T nocne 100 muknos npu

MAUY/T .

1C, % ot ucxoqHoi
TMpumep 1 1974 188.4 173.1 157.3 91.0
ITpumep 2 185.5 178.2 167.5 156.2 96.7
IMpumep 3 193.2 185.7 173.6 157.1 82.0
IMpumep 4 181.3 170.9 153.5 1354 91.3

Hwxe mnpencraBneHbl mpuMepbl KOHKPETHOTO OCYLIECTBIIEHHS H300pETEeHHs, TI1e B
Ka4ecTBe 3JIEKTPOaKTHUBHOro kommoHeHTa LiNixMnyCo,AvO2 ucnonp3oBanu Ni-oborameHHbIe
NMC co cmoucroit crpykrypoii cocraBa NMC811. C wuenpio OeMOHCTpalu MPEUMYIIECTB
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NPEAJIaraéMoro CepoCOAEpPIKaIero KOMIIO3UTHOTO aKTUBHOTO KAaTOAHOTO MarepHala, TakkKe
Oopun momyuenol NMCS811 0e3 cepoconeprkamero KOMIoHeHTa. IIpuBeneHHbIE NPUMEPHI
WUTIOCTPUPYIOT CYIIHOCTh M300peTEeHHs, HO HUKOMM OOpa30oM He OTrpaHHYMBAIOT OONACTh €ro

NIPUMEHEHUSL.
IIPUMEP 1

Jlns cuHTe3a coenuHeHus-penmecTseHHrnKa Nio sMno.1C00.1(OH)1.99(SO4)0.005, Ha OCHOBE
KpUCTaJUIOTHApaToB cyinbdaTtoB mnepexomanbix MerauoB  NiSO4+6H20, MnSO42H2O wu
CoSO46H20, B34TBIX B Ka4eCTBE HCXOMHBIX PEAreHTOB TaK, YTOObI MOJIbHOE COOTHOIIEHUE
mMeTaioB coctapiisiio Ni:Mn:Co= 8:1:1, 6sut0 mpurotosieHo 100 mu 2M BOgHOTO pacTBopa.
JauHbIit BOnHBIN pacTBOp, a Takke 100 ma 4M BonHOo-amMmMuauHoro pacteopa NaOH, roe ammuak
OBUI B3AT B KAY€CTBE KOMITJIEKCOOOPA3YIOIIETO areHTa, 1Mo KarJIsiM MOJaBAJIMCh B PEAKTOp O0IUM
o0pemMoM 500 MIT Py OCTOSIHHOM TepeMeInnBaHui. B peakrop mpensaputenbHo nodasmmm 100
MJI IEMOHU3MPOBAHHON BOABI, & TAKKE B PeakTope OblIa co31aHa MHEPTHAsI aTMOc(epa myTem ero
3aIOJIHEHUS] aPTOHOM BO HM30€KaHWE OKHCICHHS KAaTHOHOB IMEPEXOAHBIX MeTauioB. CKOpOCTb
NoJjauu pacTBOPOB coctaBisuia | Mi/muH. Temnepatypa peakTopa, KOTopast MOAAePKUBAIACh Ha
MPOTSDKEHUH BCETo CuHTE3a, cocTaBisuia S0°C. Takxke B peakTope MOoANEepKUBATIOCH TOCTOSIHHOE
3HaueHue pH = 11.4-11.5. Tlocne noaHOro BBENEHUS pacTBOPOB NepexoaHbIx MeTamioB 1 NaOH
B PEAKTOP, MOTyUYEHHBIH 0CaJOK U MATOYHBIN pacTBOP OBUIH BBIAEPIKAHBI B TeUEHHH 12 4acoB Ipu
nepememuBanun U temneparype S0°C. Ilocie 3Toro mony4yeHHBIH OCagoOK ObIT MHOTOKPATHO
MIPOMBIT I€HOHU3UPOBAHHON BOIOM U BBICYLIEH B TUHAMU4YeckoM BakyyMe npu 90°C B TeueHue
12 4. CornacHo peHTreHodazoBoMy ananusy (Pur. 1) u 3HEProaUCIEPCHOHHON PEHTI€HOBCKON
cnekTpockonuu  (Pur. 3), NONyYEHHBIH OCAAOK TMpPEACTaBisieT CcoOOH  coennHeHHe-
MPELIECTBEHHUK, OCAXJIEHHOE€ B BHJE CMELIAHHOIO THAPOKCUIAa WM OKCUTHAPOKCUAA, C
COOTHOLIEHUEM MEePEXOIHbIX METaJJIOB u cepbl

Ni:Mn:Co:S=(8.06+0.03):(0.9+0.01):(0.9+0.02):(0.05%0.03).
INPUMEP 2

Hnst cunte3a coeauHeHus-npeAmecTBeHHUKa NipsMno.1C00.1(CO3)0.998(SO4)0.002, Ha
OCHOBE KPHUCTAJJIOTHAPATOB CysbdaroB nepexomHbix mMeTauioB NiSO46H20, MnSO4+2H20 u
CoSO46H20, B34TBIX B Ka4eCTBE HCXOMHBIX PEAreHTOB TaK, YTOObI MOJIbHOE COOTHOIIEHUE
metaioB coctaBiisio Ni:Mn:Co= 8:1:1, 6suto mpurorosieno 100 mu 2M BOmHOTO pactBopa
NepexXOJHbIX MeTaIoB. JlaHHBI BOAHBIN pacTBOp, a Takke 100 mn 2M BOAHO-aMMHAa4YHOTO
pactBopa NaxCOs, rae aMmmuak ObUT B3SIT B KAUECTBE KOMITJIEKCOOOPA3YIOLIEro areHTa, Mo Karsim
NOJABAJIUCH B peakTop o0muM oobemMoM S00 M1, B KOTOPBIH npensapureiabHo nodasuimn 100 mi
IeVMOHU3UPOBAaHHON Boabl. B peakTope Oblna co3maHa WHEpTHas arMmocdepa MyTeM €ro
3aIOJIHEHUS] aPTOHOM BO HM30€KaHWE OKHMCICHHs KAaTHOHOB INMEPEeXOAHbIX MeTauioB. CKOpOCTh
nojadu pacTBopoB cocrasisuia 1 Mia/muH. TemnepaTypa peakTopa, KOTOpas MoAAeP KUBaIach Ha
MPOTSLKEHUH BCETO CUHTE3a, cocTaisuia S56°C. Takke B peakTope NoAAep>KUBAIOCH TOCTOSIHHOE
3HaueHue pH = 7.7-7.8. Ilocne mosHOro BAMBAHUS PACTBOPOB MEpPexOAHBIX MeTalIoB U NaxCOs
B PEAKTOP, MOTyUYEHHBIH 0CaJOK U MATOYHBIN pacTBOP OBUIH BBIAEPIKAHBI B TeUEHHH 12 4acoB Ipu
nepememuBaHun U temneparype 55°C. Ilocne 3Toro momy4yeHHBIH OCagoK OB MHOTOKPATHO
MIPOMBIT JIEMOHU3UPOBAHHON BOIOH U BBICYIIIEH B THHaAMHU4eckoM Bakyyme rpu 110°C B TeueHue
12 4. CormacHO peHTreHo(a3oBOMy aHAJNW3y U SHEPrOJUCIEPCHOHHON PEHTI€HOBCKOMN
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cnektpockonuu  (Dur. 4), TMONyYeHHBIH OCAAOK TpPEACTaBisieT CoOOW  CoenuHeHue-

HpeI[LHeCTBeHHI/IK, OCAXKOACHHOC B BUAC CMCIIAHHOI'O Kap60HaTa, C COOTHOLICHUEM HepeXOHHbIX
MetauioB u cepbl Ni:Mn:Co:5=(8.02+0.03):(0.85+0.03):(0.99+0.02):(0.02+0.01).

IMPUMEP 3 (cpaBHUTeNBbHBIHN AJ5 THAPOKCHAOB)

AHajoruueH npumMepy 1, OTIIHYHE COCTOUT B TOM, YTO B KaUECTBE UCXOJHBIX PEareHTOB
ISl CUHTe3a CcoenuHeHms-npeamecTBeHHNKa NipsMng1Coo.1(OH)2 Obutn  WCONIB30BaHBI
KPUCTAJJIOTHAPATHI aleTaToB Ni(CH3COO);'4H-0, Mn(CH3COO)2:4H,0O "
Co(CH3COQ)22H>0, B3siTble Tak, 4YTOObI MOJIbHOE COOTHOIIEHHE METAJJIOB COCTaBJISIO
Ni:Mn:Co=8:1:1, a koHLIEHTpaLUs BOAHOTO pacTBopa coctasisiia 0.5M. Takke OTIMYHE COCTOUT
B TOM, YTO KOHLEHTpauusi BogHO-amMmuayHoro pactsopa NaOH cocraBnsima 1M. Cormacuo
peHTreHo(Ga30BOMy aHAIU3Y U SHEPTOAUCIIEPCUOHHON PEHTTEHOBCKOH criekTpockonuu (Dur. 5),
MOJTyYEHHBIH OCAJ0K MPENCTaBIIsieT COOOM COeAMHEHUE-TPENIIECTBEHHUK, OCAKISHHOE B BUIE HE
COIepIKaIlero Cepy CMEIIAaHHOrO THUAPOKCHAA WM OKCHUTHIPOKCHUIA, € COOTHOLIEHUEM
nepexoaHbix MeTaJuioB Ni:Mn:Co=(8.34+0.49):(0.78+0.36):(0.88+0.14).

ITPUMEP 4 (cpaBHHTeNbHBII 151 KApOOHATOB)

AHaJIOTUYeH pUMepy 3, OTIUYHE COCTOUT B TOM, YTO B Kau€CTBE UCXOJHBIX PEAreHTOB
ISl CHUHTe3a COeNUHEeHUs-peamecTBeHHuKa NipgMno1Coo1CO3; ObuM  HCMOIBb30BaHbBI
KPUCTAJJIOTHAPATHI aleTaToB Ni(CH3COO);'4H-0, Mn(CH3COO)2:4H,0O "
Co(CH3COQ)22H>0, B3siTble Tak, 4YTOObI MOJIbHOE COOTHOIIEHHE METAJJIOB COCTaBJISIO
Ni:Mn:Co=8:1:1, a koHLIEHTpaLUs BOAHOTO pacTBopa coctasisiia 0.5M. Takke OTIMYHE COCTOUT
B TOM, YTO KOHLEHTpaLusl BogHO-amMuadHoro pactsopa NaxCOs cocraisiia 0.5M. CormacHo
peHTreHo(a30BOMy aHAU3Y U SHEPTOAUCIIEPCUOHHON PEHTTEHOBCKOH criekTpockonuu (Dur. 6),
MOJTyYEHHBIH OCAJ0K MPENCTaBIsIeT COOOM COeAMHEHHE-IPENIIECTBEHHUK, OCAKISCHHOE B BUIE HE
CoIepsKalllero Cepy CMEMIaHHOro KapOoHaTa, ¢ COOTHOIICHHEM TEePEXOMHBbIX METaJIOB
Ni:Mn:Co=(7.96+0.55):(1.02+0.53):(1.02+0.05).

IMPUMEP 5

Jlng cuHTe3a aKTHBHOIO KAaTOAHOIO MaTepuala COeIUHEHUS-IPeIleCTBEHHUKH,
nojiydeHHole B npumepax 1-4, Opumn cmemanel ¢ LiOH-H20, B3sitoro ¢ 3 macc.% (B ciyuae
npumMepoB 2 u 4) u 6 macc.% (B cimydae npuMepoB | u 3) HU30OBITKOM OT CTEXHOMETPHH.
[TonyueHHast cMech OblTa MEXaHUYECKH TOMOT€HHM3MpPOBaHa U oroxkeHa npu 750°C B Toke

Kucjaopona B TedeHume 12 u, ckopocTh HarpeBa coctaBimsuia  S°C/mmH.  CornacHo

>
pertrreHoda3oBoMy aHaian3y (®@ur. 7), SHEProaUCTIEPCHOHHON PEHTTEHOBCKON CIEKTPOCKOIHU
(Pur. 8-11) U CHEKTPOCKOINNU XaPaKTEPUCTUYECKUX IMMOTEPb SHEPTUU 3JeKTPOHOB (Pur. 12),
MOJIyYEeHHbIE TMOPOIIKH TEMHO-CEpOro MM YEePHOrO LBETA NPEACTABISIIOT COOOH aKTUBHBIC
KaTOJHbIE MaTePHAJIbI AJIs1 TUTUH-UOHHBIX OaTapei, SBISIFOIINECs] KOMIIO3UTHBIMH MaTepHaiaMu
HA OCHOBE KOMITOHEHTA CJIOUCTBIX CMEIIAHHBIX OKCHUIOB MEPEXOIHBIX METAJIOB U aMOp(HOro

cepocofiepkallero  KOMIIOHEHTa B cjiy4ae TnpuMepoB 1 U 2, COOTBETCTBEHHO:!

2
LiNigsMng.1C00.102 Li2S0.005001.015 u LiNig sMno.1C00.102°Li2S0.002701.0081, U CJIOUCTBIMU
CMEIIAHHBIMH OKCHAAMHU TMEPEXOJHbIX METAJIOB B Clydyae mnpuMepoB 3 u 4 cocrasa

LiNipsMng.1C00.105.
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®OPMYIJIA U3SBOBPETEHUA

1. AKTUBHbIN KaToOAHbIA CePOCOoAEpXKaAWMA KOMMO3UTHBIM Matepunan ans
NUTUN-UOHHBIX aKKyMYIATOPOB, NpeacTaBnarowmm cobon coegmnHerHne dopmynel (1-
a)LiNixMnyCozAvOz2-aLiagSpOc, rae LiNixMnyCozAvO2 — KOMMOHEHT, coaepXxallnia
CIOUCTbIE OKCUABI NEPEXoaHbIX MeTannos, LidShOc — aMopdHbIN cepocoaepaLlnn
KOMMNOHEHT, A — nermnpytowlasn gobaeka, seibpaHHas s rpynnel: Al, Mg, Zr, W, Ti, Cr,
V, v=0.1, x+y+z+v=1, 0.3=x<0.85; 0<y<0.3; 0=z<0.3; 0.0001=<a<0.02, 0.001=b=2;
0=c<8; 0.001=d=2.

2. AKTUBHBIN KaTO4HbIN CEPOCOAEPXKALLMA KOMMOIUTHBIV KAaTOAHbLIN MaTepuan
no n.1, xapaktepusytowmnca tem, 4To LiNixMnyCo:AvO2 npucytctByeTr B BUAE
KPUCTanIM4yeCckmnx 3epeH.

3. AKTUBHBIN KaTOAHbLIA CepocoAepXKalum KOMNO3UTHbIM MaTtepunan no n.1,
XapakTepusyLwnnca Tem, Yto amopdHein LiaSctOc npeactaBnaet cobomn no kpanHemn
Mepe O4HO coegunHeHKne, BbIBpaHHOE U3 rpynnbl: cynbdar, nMpocynbdat, cynbdur,
cynbua, TMocynbedar nutung.

4. AKTUBHBIN KaTO4HbIN CEPOCOAEPXKALLMA KOMMO3UTHBIV KAaTOAHbLIA MaTepuan
no n.1, XapakTepusylLWnMNCa TeM, YTO COEQUHEHUA Cepbl pacnpeperneHbl Kak Ha
MOBEPXHOCTU 3E€pPEH, Ha MEX3epeHHbIX rpaHuuax M B MeCcTax KOHTakTa 3epeH
koMmnoHeHTa LiNixMnyCo:AvO2, Tak 1 no Bcemy ob6bemy matepunana.

5. AKTUBHBIN KaTOAHbLIA CEpOCOoAEpKALMA KOMMNO3UTHBIM MaTtepunan no n.1,
XapaKkTepu3yLWNNCA TeM, YTO NOMyYeH Npu B3aUMOLEUCTBUM C UCTOUYHUKOM NNTUS
M3 coctaBa Cepocojepxallero CoeguHeHUA-NpeLecTBeHHMKa  QopMynbl:
NixMnyCo0z0m(OH)2-2¢(SbOc)t nnum NixMnyCoz(CO3)1-g(SbOc)g, roe 0.3=x=<0.85;
0<y=<0.3; 0=z=<0.3, 0=m=1; 0.001=<b=2; 0=c<8; 0.0001=f<0.05, 0.0001=g=<0.02.

6. AKTUBHBIN KaTOAHbIN CEPOCOAEPXKALLMA KOMMOIUTHBIV KAaTOAHbLIN MaTepuan
no n. 5, xapakTepU3ylLNNCA TEM, YTO COELUHEHNA-NPEALLECTBEHHUKN NOMYyYeHbl C
MOMOLLbIO METOAOB COOCaXAEHUA, TMAPOTEPMAnbHOroO M CONMbBOTEPMAasbHOroO
CUHTE3a, BKMOYasa akTuBaumio MUKPOBOJSTHOBLIM U3NTyYEHUEM, 30Mb-Tenb.

7. AKTUBHbIN KaTO4HbIN CEPOCOAEPXKALLMA KOMMO3UTHBIW KaTOAHbLIA MaTepuan
no n. 5, xapakTepusyoLWNNCA TEM, YTO COEANHEHNA-NPEALLECTBEHHNKN NONYyYEHbI N3
BOAOPAaCTBOPUMbIX CONEN MNEepexOofHblX MeTannos, BbIOpaHHbIX W3  rpynnbi:
cynbdaTtbl, xnopuabl, aueTartbl, HATPaTbl UM UX CMECU, COAepXKalinX MOHbI-

MCTOYHUKKN CePbI.
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