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BBEAEHWE

JIutuit-nonHslie akkymysatopsl (JIMA) siBisttoTcs
HanoOoJjee SHeProdd EeKTUBHBIMU IJICKTPOXUMUYE-
CKMMU CHUCTEMaMM XpaHEHUS U HAKOIUIEHUSI DHEep-
ruv. BbpICOKOHEproeMKkue ycTpoWCcTBa, TaKUE Kak
JIBUTATEJIN 3JIEKTPOMOOMIIEN, TPEOYIOT UCITOJIbh30Ba-
HUS 6e30MacHbBIX U BbICOKOTIPOU3BOJIMUTEIBHBIX UC-
TOYHMKOB BSHepruu. IIpomsBomurenbHocTh JIHWA
ornpeaessieTcss TUIIOM MCIOJIb3yeMOro KaTOAHOTO
Mmatepuaia [1]. Haubonee koMmepuuaim3npoBaH-
Hble KaTomHble MaTepualbl JIMA Ha oCHOBE CJIOX-
HbIX OKCUJIOB TIepexoaHoro Metajuia v iutust LiMO,
(M = Ni*", Co*", Mn?* 1 1p.) He ClIOCOOHBI JUINTENb-
HO U 3(h@dEKTUBHO (HDYHKIIMOHUPOBATh IMPU TMOBbI-
IIEHHBIX MOIIHOCTHBIX U TeMIepaTypHbIX Harpys-
Kax, YTO CHMJIbHO CHMKAeT ux 3¢eKTuBHOCTS [2, 3].
IMonudocdaTHbie KaTogHBIE MaTepHadbl C OOIIEi
dopmynoit LIMPO, (M = Ni**, Co?", Mn?" u np.)
VIOBJIETBOPSIIOT TPEOOBAHUSIM 0€30MTaCHOCTU U MO-
T'YT 9KCILIyaTUPOBAaThCS B LIIMPOKOM TeMIIepaTypHOM
nuamna3oHe. Cpeau Bcex nojimdocdaTHbIX MaTepya-
JIOB ABOMHBIE OopTodocdaThl HUKEIS JIUTUSI U KO-
6anbra autus (LiNiPO,, LiCoPO,) obnanaior ca-
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MBIM BBICOKUM PabOYMM MTOTEHITUAIOM, PAaBHBIM 5.1
u 4.8 B nporus mapel Li/Li*, u TeopeTnyeckoii
yrnenpHOIT MomHocThIo 800 1 750 Bt k! cooTBeT-
ctBeHHO [1, 3, 4]. Bricokne TeopeTUdecKne yaeirb-
Hbl€ MOIIHOCTHbIE XapaKTepUCTUKU BTUX MaTepua-
JIOB OOYCJIOBIMBAIOT MEPCHEKTUBHOCTh X MCTIONb-
30BaHMSI B KauyeCTBE BBICOKOIIPOM3BOIUTEIBHBIX
KaTomHbIX MaTepuanoB JIMA. OnHako HU3KKUE MOH-
Has (1073—10"12 Cm cM~!) ¥ 0cOBEHHO 3/1EKTPOHHAS
nposoaumocts (10-2—10-' Cm cm~!) apastrorcs cy-
MIECTBEHHBIMU HEIOCTATKaMW M OTPAaHWYWBAIOT WX
MMpUMeHEeHNEe B Ka4yeCTBE BBICOKOBOJIBTOBBIX KaTOM-
HBIX MaTepuanos [1, 5—7]. Hu3kue mmokaszareau mpo-
BOIMMOCTH 3TUX MaTEpPHAaJIOB CBSI3aHBI C UX CTPYK-
TYPHBIMM OCOOCHHOCTSIMU, a UMEHHO C OOBEMOM
KPUCTATMYECKON pEeIIeTKH, YMEHBIIAIOINMCS B
pany LiFePO, — LiCoPO, — LiNiPO,, Bcieactsue
Yero YMEHBINAIOTCS pa3Mephbl JTUTHUATIPOBOISIITNX
KaHaJIOB, YTO CHMKAeT KO3(PPUILIMEHT MOHHOM Trud-
dbysum matepuana, a 6IM3KOPACTIONOXEHHBIE TPYII-
bl PO, CHUXAIOT 2JIEKTPOHHYIO MPOBOAUMOCTH [8].

Kpowme Toro, 6iauskue noHHble paguychl Lit (0.76 A),
NiZ* (0.78 A) u Co?* (0.74 A) mpuBOIAT K YaCTUYHO-
My 3aMelleHuIo mo3unuii Lit morennuman-o6pasyro-
IIMMU KATUOHAMU B KPUCTAJJIMYECKOM pellleTKe KaK
B poliecce CUHTE3a, TaK U B MPOLIECCe MHTEePKAsI-
[UW/IEUHTePKASIUNA. DTO SBISIECTCS IPUYMHON
OJIOKMPOBAHUS 4YaCcTU KaHAJOB IIPOBOIUMOCTHU
WOHOB JINTUS U, KaK CJIEICTBUE, OTPaHUYMBACTCS
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MUTpaLYsI MOHOB U YXYILIAIOTCS DJIEKTPOXUMUYE-
CKre XapaKTepucTuku marepuaia [9—I11]. OOuum
BaXXHBIM YCJIOBHEM MOJYYEHUSI BHICOKOIIPOM3BOMM-
TeJIbHBIX docdopconepkalinux OJIUBUHOB SIBIISIETCS
MUHUMM3ALUS 3epeH IojlydaeMoro Marepuana. Yem
MECHBIIIE pa3Mep 3€peH, TeM BbIIIE JICKTPOHHAs U
mnddy3rnoHHas IIPOBOAUMOCTYA MaTepUalia, a TAKXKe
CTPYKTYpHas CTaOMJILHOCTD B IIpOliecce LIMKINPOBa-
Husi. HanGosee nucnepcHBIE MOPOIIKKU C PETYJIsIp-
HBIM IPaHy/JIOMETPUYECKUM COCTABOM MOXKHO MOJIY-
YUTh C UCIOJB30BaHMEM HU3KOTEMIIEPATYPHBIX Me-
TOIOB cuHTe3a [4, 12—14]. OgHAKO ISI 3TUX METOAOB
TpedyeTcs JOpOrocTosiiee 060pyIoBaHUE, IIO3TOMY
IIPOU3BOJICTBO NPOMBIIIJIEHHBIX NApTUI HeleJIECO-
00pa3HO C TOYKHU 3pEHUS ce0eCTOMMOCTU KOHEYHOTO
MPOAYKTA.

B nanHoI1 paboTe npeacTaBieH HOBbII MaJIOOTXO/-
HbII HU3KOTeMIlepatypHblii MmeTon cuHTeda LiNiPO,
u LiCoPO, B pacniaBe HUTpaTa JIUTUS, obecrieurBa-
IO B KOPOTKHE CPOKU (hOPMUPOBAHNE BHICOKO-
JIUCIIEPCHOTO 1IEJIEBOr0 MPOAYKTa CTeXHUOMeETpruye-
ckoro coctaBa. IIpoBeneHue cuUHTe3a B pacrjiaBe
HUTpaTa JUTUS CIOCOOCTBYET OBICTPOM KUHETUKE
MOHOOOMEHHOTO Tpoliecca, IIPU 3TOM MCKJI0YaeTCsl
cranus aMmopdu3alu UCIoIb3yeMbIX TPEKYPCOPOB,
a HU3Kasl TeMIlepaTypa CUHTe3a OrpaHMYMBaeT He-
KOHTPOJIMPYEMbIil POCT U arjoMepalui o0pasyro-
LIUXCS KPUCTALIUTOB. B COBOKYIMHOCTH 3TO MPUBO-
JIUT K GOPMUPOBAHUIO MOHOIMCIIEPCHBIX TOPOIIKOB
Y3KOro TpaHyJOMETPUUYECKOro Kjacca ¢ 3aJaHHOM
Mopdoirorueii. Kpome Toro, moHOOOMEHHBIN Mexa-
HU3M 3aMelIeHUs] aMMOHUSI MIOHAMU JIMTUS TTPEAOT-
BpalllaeT KaTMOHHOE pa3ymnopsiiouuMBaHUe B KpU-
CTAJNINYECKON pelieTke CUMHTE3UpyeMOro marepua-
Jla, a UMEHHO, YaCTUYHOE 3aMelleHUE MO3ULINI
JINTUSI KATUOHAMU TIEPEXOAHOTO METaslia, YTo Yiayy-
IIaeT Ka4YeCTBO MOJIy4aeMbIX TTOPOIIKOB U MX 3JIEK-
TPOXUMUYECKHNE XapaKTePUCTUKU.

CTouT OTMETHUTH, UTO HAJIMYME pPa3BeIaHHbBIX 3a-
nmacoB autust (Koamosepckoe MecTOpoxXIeHHUE), a
TaK:Ke JIeMCTBYIOIINE MPOU3BOACTBA KOOAJIbTa U HU-
ket (AO “Kombckas T'MK”) n ¢pochopa (Kupos-
ckuit pmnman AO “Amnatur” ITAO “PDocArpo”) B
MypMaHCKO# 00JIaCTU MPeaonpencasioT SKOHOMMU-
YeCKyIO 11eJ1eCO00pa3HOCTh MOJYYEHUST TaAKUX IPO-
JIYKTOB B perioHe M 0OyCJIOBJIMBAIOT UX HEBBICOKYIO
€ce0eCTOMMOCTbD.

OKCITEPUMEHTAJIbBHAA YACTDb

Hns cuntesa ueneBbix coenuHeHuit LiCoPO, u
LiNiPO, wucnonb3oBasiv cienylole peakTUBBI:
85%-it pactBop H;PO,, NiCl,;6H,0, CoCl,'6H,0,
LiNO;3H,0, 20%-ii BomHBII1 pacTBOp amMmMuaka. Bece
KCIIOJIb30BaHHBIE B pab0Te peaKTUBBI MMENIN KB~
dukanuo “X. 9.”

CuHTe3 1BOMHBIX hocaToB HUKeIS (KoOaabTa) 1
JIMTUST OCYLIECTBIIsIM noatanHo. Ha niepBom artare
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noayyaiad mnpekypcop cocraBa NH,MPO,rH,0O

(M = Co?", Ni*"). 17151 ero IpUrOTOBJIEHUS K 3a1aH-
HoMy KonauvectBy H;PO, npu nepemeninBaHuu 10-
6assui 20% pacTBOp aMMMaKa 10 JOCTHKEHUST 3Ha-
yeHus1t pH 9, a 3aTem 100aBJIsLIM 3alaHHOE KOJIUYE-
ctBo pactBopa NiCl,,6H,0 wmwm CoCl,6H,0.
ITonyyeHHyIO CycNIeH3UI0 MPU MHTEHCUBHOM Iepe-
MEIIIMBAaHWU BBIIepXUBaIM 60 MIUH P KOMHATHOMN
TeMmIieparype IJis MOoJyYeHUs MPeKypcopoOB aMMO-
HUi-pocdaTa HUKEJISI CO CTPYKTYPOI CTpYyBUTA, MU
nipu Temriepatrype 80—90°C st moaydyeHust pexkyp-
COpOB aMMOHMUI-(pocpaTa KOOAIbTA CO CTPYKTYPOId
mutTMaputa [15]. BeImaBmmii  ocagok OTHCISIM
¢uIbTpOBaHUEM, MMPOMBIBAIM BOJAOW U CYIIWJIM Ha
Bo3ayxe. PUIBTpAT, comepKaIllii OCTaATOYHOE KO-
YecTBO ITMaMMoHMIdocdaTa mociae 100aBIeHUST He-
obxonumoro kKojudectBa (ochOpHOUM KHUCIOTHI U
aMMuaKa, MOXeT ObITh UCTIOIb30BaH JJIs1 MOJTYYEHUS
HOBOM MapTUM NpeKypcopa.

Ha BrOopoM aTare momy4yanu LejeBOi MPOMYKT
LiMPO, (M = Co?", Ni*"), npoBons CMHTE3 B pac-
wiase LiNO;. C atoii uensto conb LiNO5:3H,0 mna-
BWJIM 0 JOCTVKEHUS TeMmepaTyphl paciuiaBa 300—
350°C u nepeMeIMBajIy IO IMOJHOIO UCIapeHUsI BO-
bl K pacriaBy 100aBJIsLIv IIPEKypPCoOp U IepeMelL -
Bayn B TeueHUe 1 4. [ToJrydeHHYIO CyCTIEH3HMIO OXJla-
KA, U3MeJIbYaid, JUCTIEPTUPOBAIM B HEOOXOIM -
MOM KOJIMYECTBE BOIbI IS OTACJACHUS HUTparTa
JINTHUS OT TIOJTY4eHHOTO OocaaKa, OT(IILTPOBBIBAIIN,
IIPOMBIBAIM BOIOU Ha (DUIBTPE U CYIIMIN Ha BO3TY-
xe. ITomydeHHBIN QUIbTpPaAT, NPEACTABISIONIUIA CO-
60if pacTBOp HUTpATa JUTHS, PEKYIIEPUPOBATIA BbI-
napuBaHueM npu Temieparype 250—260°C u uc-
MOJBb30BAJIM  TIPU  TIOJIyYEHUU HOBOW IapTUU
IIeJIeBOro TmpomykTa. TakuMm o6pa3oM, COITIaCHO
MPEUTOXKEHHON METONUKE CMHTE3a MOTePU MCIIOJb-
3yeMbIX peaKTUBOB CBOASITCSI K MUHUMYMY, YTO 00ec-
TMeYNBaeT MAJIOOTXOMHOCTh METOA.

3nayenust pH KoHrtpomaupoBaim pH-merpom
Anunon 7000 (Poccust). da30BbIii COCTAB LIEJIEBOTO
MPOAYKTa OINPeAeIsiiIi METOAOM MOPOIIKOBOI PEHT-
FeHOBCKOM TUdpaKkiiiu ¢ UCIOJIb30BaHUEM AUdpak-
tomeTpa Shimadzu LabX XRD-6000 (dmonus) c
CuK,-uznyyenvem (A= 1.54 A). st uneHTMbUKALIN
¢a3 ncnons3zoBanu 6a3y maHHbx ICDD PDF-4+ 2021.
DJIEMEHTHBIN COCTaB 00pPa3IIOB YCTAaHABINBAIM TP
IMOMOIIIM MAacC-CIIEKTPOMETpa C WHIYKTUBHO-CBSI-
3anHo# 1rasmoit (MC-UCIT) ELAN 9000 DRC-¢e
Perkin Elmer (CIIIA). MccnenoBanue Mophoa0orumn
U TpaHyJOMETPUUYECKOTO COCTaBa MPOBOAUIU Ha
LHIM(POBOM CKAHUPYIOILIEM 3JEKTPOHHOM MUKPO-
ckorte SEM LEO-420 (I'epmaHust). DaIeKTpOXUMU-
YeCKre MCIMBbITAHUS BBITTOJHSUIM C UCTIOJIb30BaHUEM
raabBaHocTaTa-noreHnuocrata P-20X (Poccwus).
ONEeKTPOXMMUYECKUE XapaKTEePUCTUKU KaTOAHOTO
MaTepuaia ONpeAessuii C UCIOJIb30BaHUEM BYX-
2JIEKTPOIHON Moyyssueidku. [1Jisi u3rotoBjaeHus mo-
JIOXKUTEJIBHOTO 3JIEKTPOAA IOJYyYEHHBI MOPOIIOK
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Tabomuna 1. XuMuyeckuii coctaB CUHTE3UPOBAHHBIX TIPEKYPCOPOB U 1IEJIEBBIX TPOAYKTOB

I1pexypcopsl IIponykTsl
NH4NiPO,6H,0, % NH,CoPO,H,0, % LiNiPOy, % LiCoPOy,, %
NH, Ni P NH, Co P Li Ni P Li Co P
6.28 20.48 10.74 9.31 30.53 16.02 4.32 36.58 19.21 4.34 36.61 19.23

CMEIIUBAJIHU C JIEKTPOIPOBOAsIIEH 106aBKo (ale-
THeHOBasI caxa, AB (acetylene black)) n 5%-m pac-
TBOpoM TnoJuBuHWIuaAeHnudropuna (IIBJI®P) B
N-MeTun-2-nuppojuioHe B MacCOBOM COOTHOIIIE-
HMU KaTOAHbLII nopoiuok : AB : ITIBA® = 80 : 10 : 10.
IMTonyyeHHYIO CyCIIEH3MIO TIIATEIbLHO MepeMellBa-
Jiu B TedeHue | 4, mocje yero ee HAaHOCWUJIM Ha IO -
JIOXKKY U3 aTIOMUHUEBOM (DOJIBIY TOMIIMHON 20 MKM
Cc momollblo anmiaukatopa Ttumna “DoctorBlade”.
IMomnoxKy cymmmm B Bakyyme Iipu TeMmrnepatype 110°C
B TeueHre 4 4. BriCylmeHHyI0 TOMJIOXKY ITOIBEPTraIn
ropstueMy MpecCOBaHMIO JJIST TTOTYyYeHUS] OMHOPOTHOTO
CJI0S1 KaTOMHOI MaccChl TTOCTOSIHHOM TOJIILIUHBI, TTOCIIE
YEro IITaMIOBaIv AUCKOBBIE 3JIEKTPOAbl 1UAMETPOM
15.8 MM. B KauecTBe IMPOTUBORJIEKTPOIA U DJICKTPOIa
CpaBHEHUSI HCIIOJb30BAIM METALIMYECKUI JTUTUIA.
DNEeKTPOXUMUYECKU A 2JIEMEHT TUIIOpa3zMepa
CR2032 (maket JIMA) cobupanu B cyxoii MUHEPTHOM
atMocdepe. B kauecTBe a/eKTponTa UCITOJIb30BAIU
1 M pactBop LiPF¢ B cMecu aTtuiieHkapboHaTa/nu-
3TUJKapOOHaTa/MponuieHKapooHaTa ¢ OObEMHbBIM
cootHoureHueM 1 : 1 : 1. B kauecTBe cermaparopa uc-
MOJIb30BAJIM MUKPOIIOPUCTYIO TPEXCIOUHYIO MIEHKY
tumna Celgard 2500.

PE3VJIBTATHI 1 OBCYXIEHUNE

B Ta61. 1 mpencTaBieHBI pe3yIbTaThl XUMHIECKO-

ro aHamm3a mnpekypcopoB NH,NiPO,6H,0,

NHTEeHCUBHOCTD, yCII. ell.
600 -

(a) v
500

¥ LiCoPO,

400 |-

300

200

100 -

0,

NH,CoPO, H,0 u nonyyennsix LiNiPO,, LiCoPO,
metogoMm MC-UCITI. TTpo6omoaroToBKy OCYIIIECTB-
JISITA TIyTeM PacTBOPEHUSI HABECKU UCCIEAYyeMOIo
mopomka Maccoit 0.5 T© B cMecM KHUCIOT
HF/HNO;/HCI c ucnionb3oBaHueM yJIbTPa3ByKOBO-
ro JUCIIEPTUPYIOLIETO anmapara.

ComtacHO JaHHBIM XMUMUYECKOIO aHaIn3a IIPeKyp-
copoB U 1ieieBbix poaykToB LiNiPO, u LiCoPO,, Bce
MOPOIIKU UMEIOT OJIM3KUIT K CTEXUOMETPUYSCKOMY
coctaB. HeGoblline OTKIIOHEHUST JIEMEHTHOIO CO-
CcTaBa IIPEKYPCOPOB OT TEOPETUYECKUX 3HAYECHUIt
CBSI3aHBI C PAa3JIMYHBIM COoAepKaHUEM KpUCTAJLJIN3a-
LIUOHHOI Boabl. st yrouHeHust ¢a30BOro cocTaBa
MOJIYYEeHHBIX MOPOIIKOB ObLI MPOBEAECH PEHTIEHO-
¢azoBrlii aHanu3 (puc. 1).

Bce pedaekchl gudpakTorpaMm, IIpeacTaB-
JIEHHBIX Ha pUC. 1, COOTBETCTBYIOT MOHO(a3HBIM
LiCoPO, (puc. la, PDF-kaptrouka Ne 04-002-3618)
u LiNiPO, (puc. 16, PDF-kaptouka Ne 04-021-
6520) ¢ TIPOCTpPaHCTBEHHOM TPYIOil CUMMETPUH
Pnma cootBeTcTBeHHO. PedaekcoB, oTHOCAIIMXCSI K
MIpUMECHBIM (dazaM, He 3a(hMKCUPOBAHO.

Hdna omeHKW MOpPMOJOTUM M TpaHyJIOMeTpHhdIe-
CKOTO COCTaBa MOJIYICeHHBIX IIPEKYPCOPOB U IICJIEBBIX
COCAMHEHUI ObLI BBIMOJHEH aHAJIM3 METOAOM CKa-
HUpPYIOIIEH 3JIeKTpOHHON MuKpockonuu (CIOM)
(puc. 2, 3).

MHTEHCUBHOCTb, YCII. e]I.

1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 &0
®, rpan.

Puc. 1. Tudpakrorpammel mpoaykToB LiCoPOy (a) u LiNiPOy (6).

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. XUMUS, HAVKU O MATEPHAJIAX

2001 ©
2 B LiNiPO,
150 -
100
50
0,
1 1 1 1 1 1 1 1
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®, rpan.
TOM 513 2023



96 KAPOB u np.

2 MKM

L &

Puc. 3. COM-u3ob6paxeHnus uenessix coennHenuii: LiCoPOy (a), LiNiPOy (6).

CTOUT OTMETUTH, YTO pasmep 1 popMa 3epeH Mo-
JIYYEHHBIX TPEKYPCOPOB 3aBUCHAT, C OMHOI CTOPOHHI,
OT (PUBMKO-XUMUYECKUX YCIIOBUI OCAXIECHUS, a C
JIPYrol — OT KPUCTAJUIMYECKOM CTPYKTYPHI TTOJTydae-
MbIX COEIMHEHUN (CTpyKTypa IUTTMapuTa B cilydyae
NH,CoPO,H,0O u cTpykrypa cTpyBUTa B ciydyae
NH/NiPO,6H,0). I[Ipn sTOM 3KCIepUMEeHTATEHO
YCTaHOBJIEHO, YTO HanboJiee TUCTIEPCHbIE TOPOIIKH,
cootBercTBytoiue ¢daze NH,CoPO, H,O, obpasy-
FOTCSI TP MOJIBHOM cooTHomeHn P : Co=2: 1 u TeM-
neparype 80°C M IperMMYyIIECTBEHHO IMPEACTABISIOT
c000i1 MOHOKPHUCTANIMYECKHNE TIJIACTUHBI TOJIIIAHOMN
nopsinka 100—200 um (puc. 2a). I[Toporiku rpekypco-
poB, cootBercTByronme ¢daze NH,NiPO,6H,0, xa-
pakTepu3yloTcs cepudyeckoit Mopdosorueit ¢ gua-
MmeTpoM 4dactull 100—200 HM (puc. 26), TIpu 3TOM
HamboJiee IMCIEPCHBIM OcagoK oOpasyeTcss Mpu
MobHOM cooTHomeHuu Ni: P=5: 1 u temnepatype
20—25°C.

O4YeBUIHO, YTO CUHTE3UPOBAaHHBIC KATOTHBIC ITO-
pouiku LiCoPO, u LiNiPO, cooTBeTCTBYIOT KJ1accy
BBICOKOIVICTIEPCHBIX MTOPOIITKOB M MMEIOT PEeryisp-
HBII TPaHyJIOMETPUIECKII COCTaB, a MX KPUCTAITHA-
TBl COXPaHSIIOT MOPGOJOTHUIO COOTBETCTBYIOIINX

JOKJAIBI POCCUMCKOM AKAJTEMUU HAYK. XMW, HAVKU O MATEPHAJIAX

npekypcopos. B ciyyae LiCoPO, cnenyer o6patuth
BHUMaHME Ha TOJIIMIMHY TOJYYCHHBIX IJIacTUH (B
cpenHeM 100—200 HM), TOCKONBKY T hy31sT HOHOB
JIUTUSI TTPEUMMYIIECTBEHHO peaJiu3yeTcsl UMEHHO B
HaIlpaBJICHUM KpUCTAJUIOTpadrUIecKoii OCH, COBIIA-
Jalolleil ¢ HOPMAJIbI0 K COOTBETCTBYIOIIEH TIOCKO-
CTU IUIACTUHBI, UTO TTOATBEPXKIAETCS UCCIIEIOBAHMS -
MU, OyOJIMKOBAaHHBIMU, HaIIpumep, B [13].

i olleHKW TMPUHIMITHATEHON BO3MOXHOCTU 1
00paTUMOCTH 3JIEKTPOXMMUYECKOTO TIpoliecca, a
TaKKe DJICKTPOXUMHYECKOUN TPOU3BOAUTETHLHOCTH,
makeThl JIMA Ha ocHoBe LiCoPO, Oblmu nccnenosa-
Hbl METOAOM LIMKJIMYECKOU BOJBTAMIIEPOMETPUU B
nurara3oHe morteHnmanoB 0—5.2 B mpum ckopocTtu
pasBeptku noreHnuaia 1 MB ¢! (puc. 4), a Takxke
MPOBEACHO 3apsiIHO-pa3psiIHOE  LIMKJIUPOBaHUE
nepBbIX 10 IIMKIIOB MIPU TUIOTHOCTSIX TOKa, COOTBET-
CTBYIOIIUX cKopocTu 3apsima/paspsaa 1C, 5C u 10C
(0.4175, 2.0875, 4,175 MA cM~2 COOTBETCTBEHHO)
(puc. 5). [TockoabKy cpenHuii pabouurii MoTeHIMaT
LiNiPO, (5.1-5.2 B) cy1iecTBeHHO MpeBbILIAET Mpe-
IlesT IEKTPOXUMIIECKON CTaOMIBHOCTH UCITONb3Ye-
MOTO 3JICKTPOJINTA, IS OLIEHKH €T0 3JIEKTPOXUMMU-
YEeCKMX XapaKTePUCTHUK HEOOXOMMMO HMCIOJIB30BaTh
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Puc. 4. llukindeckast BoJsramneporpamma makerta JIMA
Ha ocHoBe LiCoPOy.

SJIEKTPOJIUT C PACIIMPEHHBIM OKHOM 3JIEKTPOXUMMU-
YeCcKOil CTaGUIIbHOCTH, TUO0 aJTbTepHATUBHBIN aHO/,
obnamaronnii pabouynm IMoTeHIIMaaoM He MeHee 1 B
npotus peaoke mapsl Li/Li*.

Ha Bonsrammnieporpamme maketa JIMA Ha ocHoBe
LiCoPO, npucyTcTBy1OT YETKHE OKUCIUTEIbHbBIE U
BOCCTAaHOBMUTEJIbHbIE MAaKCUMYMBI, COOTBETCTBYIO-
LIYe 3HaYeHUAM IoTeHIHUaIoB 5.1 u 4.6 B cooTBer-
CTBEHHO, YTO CBUIETEILCTBYET O OOPAaTUMOCTH 3JIeK-
TpOXUMHUYECKOro mnpoiecca. OIHaKO CpaBHUTEIbHO
0OoJIbIIIOE pa3/InYMe 3HAYCHU I ITOTSHILIAI0B OKUCIIC-
HHSI 1 BOCCTAHOBJICHUSI YKa3bIBaeT Ha HU3KYIO CKO-
pocTb TudPY3U MOHOB JUTUSI, BEI3BAHHYIO, C OJ-
HOI1 CTOPOHBI, IPOTEKaHUEM ITOOOYHBIX peaKluii, a c
Ipyroii — o0pa3oBaHUEM TBEpPIO3JICKTPOJIUTHOIO

[Torenuuan, B ()
50r

4.5
4.0

3.5

3.0

0 10 20 30 40 50 60 70 80
EMKOCTb, MAY 1!

CJIOA Ha IMOBCPXHOCTU IJICKTPOOOB BO BPEM:A DJICK-
TPOXUMHUYCCKOTO ITpoLecca.

I[IpoBeneHHOE 3apsia0-pa3psAIHOE HUKIMPOBAHHUE
MmaketoB JIMA B nuama3zoHe 1moreHImanoB 3—5.1 B,
rae B KauecTBe KaTona ucnojb3doaiu LiCoPO,, mo-
Kazajo, 4YTO Jaxe IpU OTHOCHUTEIHLHO OOJIbIINX
minotHocTsaxX TokKa (1C, 5C) mpon3BoaUTEIbHOCTD I10-
JIy4EeHHOIO MaTepuaja OCTaeTCs JOCTAaTOYHO BBICO-
KO ¥ IPEBOCXOIUT MHOTUE aHajioru [ 16, 17]. Beidbop
IMana3oHa MOTEeHILIMAJIOB OOYCJIOBJeH TepMOJIMHA-
MUYECKMM OKHOM YCTOMYMBOCTH WCHOIb3yEMOTIO
3JIEKTPOJINTA, OMHAKO CTOUTb OTMETUTh, UTO HUXKHSISI
rpaHuiia noteHuuasaa 3 B Boillle moreHImagia BoccTa-
HOBJIEHMsI KOMIIOHEHTOB 3JIEKTPOJIMTA Ha aHOIIE BO
n3bexxaHue o0pa30BaHUS U3JIMIITHE IIJIOTHOTO TBEP-
JIO3JIEKTPOJIUTHOIO CIosl. A BepxHsisa rpaHuia 5.1 B
MpPEeBBIIIAET ITOTSHIAI OKUCIIEHUS 3JIEKTPOINTA, HO
HeoOxoauMa IS MOJIHOTO 3apsiaa Oatapeu. Pa3psin-
Has eMKOCThb coctaBmwia 71.6, 74.7 MA4 r~! mocie
nepBoro paspsaaHoro uukia u 80.9 u 62.3 MAY 1! ro-
cJie JeCsATOTrO Pa3psiIHOTO LIMKJIA TPU IUIOTHOCTSIX
Toka 1C u 5C coorBeTcTBeHHO. OIHAKO IIPOU3BOIN-
TEJILHOCTDb CUJIBHO I1afaeT IIPU IJIOTHOCTU TOKA, CO-
OTBETCTBYIOIIEell cKopocTu pa3psina 10C, uyro cBsi3a-
HO C pas3fiokeHUEeM KOMIIOHEHTOB HMCIOJIb3yeMOro
BJIEKTPOJIMTA MPU MOBBIIIEHHBIX MOIIHOCTHBIX Ha-
rpy3kax [18]. CiegyeT oTMETUTD, YTO, KaK MPaBUJIO,
HeMonuduuupoBaHHbiit LiCoPO, npossiser HU3-
KYIO 2JIEKTPOXMMUYECKYIO aKTUBHOCTb, MOCKOJILKY
nenutupoBaHHas paza CoPO, sBisieTcs upe3Bbluaii-
HO aKTUBHOI1 M JIETKO BCTYIAET BO B3aMOICUCTBHUE C
KOMITOHEHTaMU 3JICKTPOJIMTA Aaxe IMpU HOpMasb-
HBIX YCJIOBUSIX, UTO ITIPUBOIUT K OBICTPOI ITOTEPE EM-
KOCTU M Jerpagaly 3JIEKTPOXUMUIECKOI CUCTEMbI
B ueyioM. [Ipu sToM Hamaydmide 3JEKTPOXMMUYE-
CKU€ XapaKTepPUCTUKHU, II0 CPAaBHEHMIO C aHAJIOTAMU,

VienpHast eMKOCTb, MAY 1! (©)
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Puc. 5. Luxnnueckast nponssoauTenbHOcTh MakeTa JIMA na ocHose LiCoPOy: paspsaHas eMKOCTb EpBOTo LIMKJIA (a), 3aBU-

CHMOCTb pa3psIHOI eMKOCTH OT HOMepa ITnKiia (0).
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OTMeYeHbI Y KaToaHbiX nmopoukoB LiCoPO, ¢ onpe-
JIeJeHHOM Mopdoorueit, Takoi Kak HaHOTIaCTUHBI
Wi HaHOHUTU [16]. B manpHeillleM IuIaHUPYIOTCS
WCCJIENOBAaHUSI II0 CTAOMIM3U3ALMU TOJTYIEHHOIO
MOpPOIIKA 1 YIYYIIEHUIO €ro 3JEKTPOXUMUYECKUX
XapaKTepUCTUK MyTeM CO3AaHUS KOMIIO3UTa SI-
po/obonouka, tne sgapom ssiasercss LiCoPO,, a 060-
JIOUKOI OydeT CIIyXXUTb BBICOKOIIPOBOISIIEE IMOKPhI-
THe, orpaHUYMBaolMe B3aumoneticteue dasbl CoPO,
C KOMIIOHEHTaMHU D3JIEKTPOJIUTa U YyBeIWYMBalollee
TPpaHCIOPTHBIE XapaKTePUCTUKK MaTepHaJa.

BbIBO/1bI

Takum obpazom, pa3paboTaH HOBbI MaJIOOTXO/ -
HBIII HU3KOTeMIIEpaTypHBIM CIIOCOO cCHUHTE3a CyO-
MUKPOHHBIX TBOMHBIX ochaToB TUTHUS KOOAJIbTa 1
JIUTUSI HUKEJISL ¢ 3agaHHoi Mopdoiorueii. ITokaza-
HO, UYTO IIOJYYSCHHBIA HAHOIJIACTUHYATBIA IIOPO-
1ok LiCoPO, mposBiseT 2JIeKTPOXUMUYECKYIO aK-
TUBHOCTb U MOXET 6blTb NCITIOJIb30BaH B Ka4YE€CTBE
BBICOKOBOJIBTOBOTO KaTogHoro Matepuana JIMA.
s oleHKM 3IEeKTPOXMMUYECKHX XapaKTePUCTUK
LiNiPO, cnenyeT ncnonb3oBaTh JUOO JIEKTPOJUT C
pacIIMpeHHBIM OKHOM TEPMOIMHAMUYCCKON CTa-
OMJIBHOCTH, JTUOO aJIbTepHATUBHBII METAJUIMUYECKO-
MY JUTHIO aHO/.

IIpencraBiaeHHEBIN B paboTe MeTOO CUHTE3a IBOT-
HBIX (pocaToB IUTHS KOOANbTa 1 JIUTUS HUKEIIS 3a-
LIMIIEH ITaTeHTOM Ha n3o0peTteHue [19].

BJIATOOJAPHOCTU

ABTODBI BBIPAXAIOT UCKPEHHIOKO 6JIar0aapHOCTh TOKTOPY

TEXHUYECKUX HayK |BJ‘IaJ:[I/IMI/Ipy WBanosuuy MBaHeHkoO|,
BHECIIIEMY HEOLIEHUMBII BKJIAA B pa3BUTHE, MOAAEPKKY U
peain3alyio UAeu, a Takke COTPYIHUKaM JabopaTopuu
Gu3MKO-XUMHIeCKNX MeTonoB aHamm3oB MWMXTPOMC
KHII PAH B.B. Cemymuny, H.A. fIxoBnesoii, K.A. SIko-
BieBy, T.1. MakapoBoii.

NCTOYHUK OPMHAHCHUPOBAHUA

HccnenoBaHus BBITTOJHEHBI B paMKaxX TOC3alaHUs 110
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COBJIIOAEHUE 5TUYECKUX CTAHOAPTOB

B nanHoit pa60Te OTCYTCTBYIOT UCCJICJOBaHMA YCJIOBEC-
Ka I 2KMBOTHBIX.
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ANEW APPROACH TO THE SYNTHESIS OF HIGHLY DISPERSED DOUBLE
LITHIUM-NICKEL AND DOUBLE LITHIUM-COBALT PHOSPHATES
WITH THE DESIGNED PARTICLE MORPHOLOGY

N. V. Zharov*#, M. V. Maslova?, and Corresponding Member of the RAS A. I. Nikolaev*
41.V. Tananaev Institute of Chemistry and Technology of Rare Elements and Mineral Raw Materials
of the Russian Academy of Sciences Kola Science Center, 184209 Apatity, Russian Federation
*E-mail: n.zharov@ksc.ru

The paper presents a new low-temperature method for the synthesis of highly dispersed powders of double
phosphates LiCoPO, and LiNiPO, using low-waste technology. It has been shown that the morphology and
particle size of the obtained materials depend on the type of initial precursors. The obtained compounds are
characterized by elemental, XRD, SEM, cyclic volammetry, cyclic chronopotentiometry analyses. A new ap-
proach to the synthesis of submicron powders of lithium double phosphates and transition metal (nickel, co-
balt) is more effective compared to current methods.

Keywords: synthesis, double phosphates, cathode, electrode materials, electrochemical properties
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