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LiFeVO, IK KATOJJTHA MATEPIAJI JUISI JIITIEBUX
XIMIYHUX UKEPEJ CTPYMY
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CunrtezoBano crnonyky LiFeVO, Ta mpHroToBJICHO €JICKTPOAKTHBHHI MaTepiall Ha OCHOBI
CHHTE30BaHOI CITOJYKU Ta TEPMOPO3IIHPeHoro rpadity. CKOHCTPYHOBaHO JIITIEBI JKepena CTpyMy 3
KaTOJIOM Ha OCHOBI LIbOTO MaTepiaiy, BU3HAYEHO iX 3apsAA-pO3psIHi XapaKTepHCTHKU. BusBieHo, o
PO3PSAHI XapaKTEPUCTHKU eleMeHTiB Ha ocHOBI LiFeVO, € BUCOKMMU, OIHAK CHOTOHI 3aJHIIIIACH
HEpO3B’A3aHO0 NpodIIeMa 3AICHEHHS TTepe3apsiay X eJIeMEHTIB.

Kniovosi  crosa: mitii-3amizo  BaHamaT, JITiEBI JDKepena CTPyMy, 3apsii-po3psiiHi
XapaKTePHCTHKH.
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Cepell MOCHIIKCHUX 3a OCTaHHI POKHM KATOJAHUX MarepialiB OJHUM 3 HaWOUIBII
MEePCIEeKTUBHUX ILI00 IPOMUCIOBOIO BUKOPHCTaHHS BBAXKAIOTh JITIHBMICHUI Qocdar
3amiza LiFePO,. [{ns mocnimkeHHs BUOpAHO aHAJOTIUHY CIOJYKY, B siKiii arom ®Pochopy
3amiHeHo Ha Bawnaniii — LiFeVO, VY upomy Bumanky i 3amizo, i Bananmiii MoxyTb
3MIHIOBATH CBOi CTYIEHI OKHCHCHHsI il 4ac PEIOKC-NPOIECiB, IO MOXKE JAaTH 3MOTY
MOKPALIUTH €MHICHI XapaKTepUCTUKH €JEKTPOAKTUBHHX MarepiajiB Ha OCHOBI Mi€l
cnonykd. Marepiamu tuny LiMVO, (M = Co, Ni, Mn) npuBepTaloTh yBary depes ix
MOJKJIMBE 3aCTOCYBaHHS SK KaTOOHHUX MaTepiamiB y JiTii-ioHHnX Oatapesx. LiNi(II)VO, 1
LiCo(II)VO, xpucTamizyroTbcsi B IOIiHENI KyOIYHOi CTPYKTypHW, JITiH pazoM 3
JIBOBAJICHTHUM KAaTiOHOM TIIOCIalOTh OKTaeAPHYHI Micls B HEBIOPAIKOBAaHIA MaHepi.
Banaziii nepeOyBae B TeTpaeAPHYHOMY OTOYCHHI, IO XapaKTEPHO MJIS LBOr0 aTtomMa B
CTYyIeHI OKHUCHEHHS +5, CTPYKTypy MOXHa PO3INISAaTH K OPTOBaHamaT. Y TOW yac, sK Ii
TpH BaHaZaTH CTaliIBHI Ta I1X Jerko cuHresyBatd, LiFeVO, He OyB mociimkeHuid
NpoTAroM TpHUBajoro yacy. 3 moyarky 1960-x pokiB XX cr., G.Blasse 3i cmiBp. [1]
JOCTIKYBAIA CIIOJYKH THILY LiMe® +Me4+04 i LiMe2+Me5+O4. Toxi BBaXxanoch, IO
LiFeVO,; He MoxHa Oyae OTpUMATH, MNPHUIYCKAJIOCh, IO Ii¢ Oyae IOB’S3aHO 3
HecraGinerictio Fe?' ta V°'. Hampuknax, Jlenrme mocmimkysas cuctemy LiFesOg—
LiyV50,. Bin Takox cnpoOyBaB po3paxyBaTH PO3IOMALT aTOMIB Ha OKTaeJApPUYHUX 1
TeTpacAPUYHNX CTPYKTypax II0 BiTHOCHUX IHTEHCHBHOCTSX IUPPAKIIHHUX JIHIA 1
MAarHITHAX MOMEHTIB 3pa3ka. [Hmi cripoou copmyBaru matepian LiFeVO, Oymu 3pobieHi
M. Hayashabira Tta in. [2], skuii HamaraBcsi 1oOyTH KiHIICBHIA TMPOAYKT, BUKOPUCTOBYIOUH
n-BuLi. Take miTitoBaHHS BUSBHIIOCH YCIIITHAM JIJISI MAJTHX KUTBKOCTEH JTOMYIOUOTO areHTa
(x<0,3 B Li,FeVOy,), npore cripoba 301IbIIMTH BMICT JITiI0 IPU3BENa 10 PO3KIIaaHHs
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LiFeVO, no V(IV)O,, LiFe(Il1)O, i LiyFeVO, (x<0,3), moka3yrodu, mo B TaKiid cHUTyaril
napa V*/V*" Borofie 0OKHCHIOBATBHO-BITHOBHOK AKTHUBHICTIO B CHCTEMi, IO TAKOX OYIO
MiATBEPIHKCHO CIIEKTPOCKOIIIYHIMH BHMipIOBaHHIMH [3].

Y upomy pocmimkenHi LiFeVO, cuHTesyBamu 3a J0ONOMOIOI0 3MilTyBaHHS
CTEXIOMETpUIHUX KimbkocTedt BaHamii (V) oxcumy (V,0s) Ta mitiid rigpokcuay (LiOH),
IicJIsl Y0ro OTpUMaHuil po3urH Ta po3unH coii Mopa ((NHy),Fe(SO,4), 6H,0) 3mimyBanu
3a HarpiBanusa (Fe:V:Li = 1:1:1) [4]. Ilicna BucymryBaHHS y BaKyyMHIH Iedi OTpUMaHy
CyMIIIl PO3THPAJIM Y CTYMNLI Ta MepeMillyBanu 3 rpadiTtoM. Y KOHCTPYIOBaHHI €JIEMEHTIB
BUKOPUCTAHO CIIEKTPOAKTHUBHHUK MaTepial Ha OCHOBI JiTif-3aii30 BaHamary Ta rpadity 3
MacOBHM CIiBBIHOIIECHHM 7:1.

ITo3uTHBHI €IEKTPOAN BHTOTOBIIUIN LIUIIXOM HANpPECOBYBAHHS EIEKTPOAKTHBHOTO
MaTepialy Ha HiKeNleBy ciTky 3a TiCKy 250 kr/cm’. IIinolma eneKTpoaa CTaHOBHIA § cM”.

JIiTi#t [UIA HETATHBHOTO E€JIEKTPOAA NONEPEIHEO MEXaHIYHO OUYMIIAIH Ta TPOMHBAIIN
CIHMPTOM BijJ 3aJMIIKIB Maciia, B sSKOMy 30epiraBcst MeTaj, Jaji BHCYIIyBall HOI'O
¢inpTpyBanbHEM manepoM. JIiTii HaHOCWIM TpEeCyBaHHAM Ha JATyHHY cCiTKy. [lmorma
EIEKTPO/IA CTAHOBHIA § CM”.

EneMeHTH BHTOTOBISUIM 3a TPHUEIEKTPOAHOIO CXEMOIO: BHUKOPHUCTOBYBAIM OJUH
KaToA Ta JBa aHoiH, eiekTpouit — 2 M posunH LiClO, B erunenkapOoHnari. Bupuanu
CJICKTPUYHI XapPAaKTEPUCTUKU €JEMEHTIB, pPO3PSDKAIOYM X 3a IOCTIHHOTO Omopy
30BHIIIHBOTO Kosa 300 Om.

Y KOHCTpPYIOBaHHI eJeMeHTa | BHUKOPHUCTaHO KOMITO3UT Ha OCHOBI rpadity i
LiFeVO, y cuiBBinHomenHi 1:7. IIpoBeneHO NOCTIIPKEHHS DPO3PSAHUX XapaKTEePHCTHK
eJeMeHTa. 3MiHy CTpyMy Ta Hampyrd 3 9acoM Al HYJIbOBOTO IHMKIY 3apsa-po3psimy
300paxkeHo Ha puc. 1, 2. Sk 6auuMo 3 OTpUMaHUX Pe3yJIbTaTiB, PO3PS/HI CTPYM i Hampyra
3MEHIIYIOTHCS JI0BOJI TIABHO.
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Puc. 1. 3anexHiCTh CHITH CTPYMY BiJl 4acy
po3psiny enemenTa |
Fig. 1. Current dependence of the
discharging time of element I

Puc. 2. 3aexHICTh HAPYTHU BiJ Yacy
po3psny enementa I
Fig. 2. Voltage dependence of the
discharging time of element I

3apsAa-po3paaHi XapaKTEePUCTUKHU AOCTIPKYBAaHOTO €l1eMEHTa HaBeIeHo B Ta0u. 1.

Pesynbrat nocmimpkenb nporo XJIC cBiguaTh Nmpo AOCHTh BUCOKI 3HAueHHS
PO3pAIHMX €MHOCTI Ta eHeprii. 3a TMEepBHHHOTO po3psAmy omip OyB JOBOJII HHU3BKUM
MOPIBHAHO 3 TONepenHIMH eneMeHTaMu. lle MoXHa TOSCHUTH THUM, IO HE
MPOCTEKYBAJIOCH YTBOPEHHS 3HAUHHX NTACHBYIOUYMX ITIBOK Ha JIITIEBUX €NEKTPOAAX i/ 4ac
PO3psiLy Ta 3apsay eIeMeHTa.
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Tabnuys 1
3apsi-po3psIHi XapaKTePUCTUKH eneMeHTa [
Table 1
Charge-discharge characteristics of element I
HHKH Q: Qnm: W: ana T‘lQa % Nws T, Om UpA K.>
MA‘TOJ MA-TOI/T MBTTOI MBTTon/T % B
Po3pan 0 674,89 178,45 1378,78 364,56 - - 304 3,38
3apsn 1 559,54 147,95 1966,29 519,83 - -
Pospsn 1 113,40 29,98 131,80 34,85 20,27 6,7 93,6 3,05

Quir > Wiur — PO3PSIHI €MHICTH Ta €Hepris, BimHeceHi 10 1 (T) eJeKTpOAaKTUBHOI CyMiIi
no3uTuBHOTO enektpona (LiFeVO, + rpadir).

Husbki enekTpudHi XapaKTEpHUCTHUKH eleMeHTa | micis mepesapsily MOXKHA
MOSICHUTH THM, IIO HAM HE BJAJIOCH NTPOBECTH KOPEKTHO 3apsia eneMeHTa. Ilix gac 3apsamy
CIOCTEPIrajJuch BiTHOCHO BUCOKI CTPYMH 3apsiy, sIKi MicJsi HETPUBAJIOTO Yacy 3apsKaHHs
MOYMHAM JYX€ CTPIMKO 3pOocTaTH. [IpU4YMHOI0 1bOTO, OYEBHAHO, € TIPOLECU
JICHIPUTOYTBOPCHHS HA MOBEPXHI JITIEBOTO CIEKTPOAa. YTBOPCHI JCHAPUTH B TMEBHUI
MOMEHT CBOTO POCTY IIPH3BOAATH JI0 BHYTPILIHBOTO KOPOTKOTO 3aMHKaHHS B €JIEMEHTI, 110
W 3yMOBIIIOE pi3Ke 30UIbIIEHHS] CTPyMy. XO4a BUCOKI CTPYMH 3apsiKaHHs CBiJUaTh MpO
BUCOKY MIBHAKICTH AuQy3ii iOHIB JITiI0 B €JIEKTPOAKTUBHOMY Marepiani MNO3UTHBHOIO
enekrpona. Lle cBimuuth npo mepcnexTuBHICTE LiFeVO, sk enekTpoakTHBHOTO MaTepiary
nepe3apsKyBaHUX JIITIEBUX JKEPET CTPYMy Ha HOTO OCHOBI.
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Fig. 3. Current dependence of the discharging  Fig. 4. Voltage dependence of the discharging
time of element I time of element I

VY koHcTpyloBaHHI eneMeHTa Il Tako)k BUKOPHCTaHO KOMIIO3UT Ha OCHOBI rpadiry i
LiFeVO, y cniBBigHomenHi 1:7. 3 MeTor 3amnoliraHHs pocTy ACHAPHUTIB Ha MOBEPXHIO
JITIEBUX €JEKTPOMIB HAIPEeCcOBYBaJIM rpadiT, y SKUH MOIJHM O IHTEpKaIOBAaTHCh aTOMHU
JITIFO M Yac BiXHOBJIEHHS OCTAHHBOTO.

[IpoBeneHo mOCHIUKEHHS pPO3PSTHUX XapakTepHcTHK enemeHTa Il 3a omopy
30BHIIIHBOTO JaHIora 300 OM. 3MiHy CTpyMy Ta HaIlpyrd 3 4acOM JUIsl HYJIbOBOTO 3apsii-
PO3PSITHOTO LUKy MOJAaHo Ha puc. 3, 4. SIk 6a4yuMMo 3 OTPUMAHMX PE3YNIbTATIB PO3PSIAHI
CTPYM 1 Harpyra 3MEHIIYIOTHCSI OUIBII IIBU/IKO TOPIBHSIHO 3 €IEMEHTOM 1.
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Tabauys. 2
3apsa-po3psAaHi XapaKTepUCTUKH eneMenTa 11
Table 2
Charge-discharge characteristics of element I |
I—[HKH Q’ Qnm‘a W, Wnu'r’ Mo, Nw, T, Om Up. K.>
MA‘TOJI MA‘Ton/T MBTTOIT MBT1ron/r % % B
Pozpsig 0 445,8 107,52 3438 82,92 - - 74,6 3,47
3apsn 1 20,29 4,90 84,5 20,38 - -
Pospsin 1 15,41 3,72 20,32 4,90 76 24 1384 3,7

Quir > Wir — PO3PSIIHI €MHICTh Ta €Hepris, BifgHeceHi 1o 1 (T) eIeKTPOAKTHBHOI CyMimi
no3utuBHOTO enekrpona (LiFeVO, + rpadir).

CKOHCTpYHOBaHUH €JIEMEHT BHSBHB BHCOKI PO3PSAHI XapaKTepPHUCTHKH (Tadui. 2).
OpnHak mpolec nepe3apsKaHHs eJeMeHTa Bii0yBaBcs 3a Jy)e HU3bKUX 3HaYeHb CTPYMIB.
Po3psiaHi XapaKTepUCTUKHU eleMeHTa Micisl 3apsily BUSABWINCS AYK€ HU3BKUMHU BHACIIIOK
TOTO, 1110 KUIbKICTh CJICKTPUKU, BUTPAUCHA Ha 3aps, Oyia qyxe Manor. [I[pHuuHO0 11bOT0,
HaliMOBIpHile, € (JOpMyBaHHS TACUBYIOUOI IJTIBKH Ha MIOBEPXHI JIITIEBOTO ENIEKTPO/A, SKa
YHEMOJXKJIMBITIOE TIPSMEI KOHTAKT rpadiTy 3 jJitieM. Hacainkom 1poro € te, mo rpaditoBuit
miap, Mo cyti, He 6epe yJacTh B €IEeKTPOXIMIYHOMY HpOLECi, & BUKOHYE POJIb J0JaTKOBOT'O
cemaparopa. Lle, cBo€ro deproro, mpuU3BOANUTH N0 301MBIICHHS MiXKEISKTPOIHOI Bigmaii B
eJeMeHTi 1, BIAMOBiMHO, 30UTBIICHHS BHYTPIIIHROTO OMOPY Ta YCKIAIHIOE TIPOIEC
(GyHKLIOHYBaHHS eJeMeHTa. J[OIaTKOBMM MiOTBEPIXKEHHAM ILIBOTO € CYTTEBO BHIII
BHYTpILIHI oropu efeMeHTa 1l y HylIbOBOMY Ta IepIioMy LUKIax 3apsay-po3psy.

OTpuMaHi po3psIHI XapaKTepUCTHKH eleMeHTiB Ha ocHOBI LiFeVO, e Ha piBHI
KpallMX 3pa3KiB JITIEBUX XIMIUYHHMX JpKepenl cTpyMmy [S. 6], oJHak Hapasi 3ajulIniach
Hepo3B’sI3aHOI0 Mpo0IieMa 3/1ICHeHHS Iepe3apsiay LUX eJIeMEHTIB.

HageneHi y wiif cTarTi pe3ysibTaTi JOCHIIKEHb OTPUMAHO 3a (hiHAHCOBOI MiATPUMKH
MinicTepcTBa OCBiTH 1 HaykH YKpainu (nepx0OroxerHa tema XPS56-O “HaHokoMNO3WTHI
Ta HAHOCTPYKTYPOBaHI CHCTEMH 3 KaTaliTHYHMMH BJIACTHBOCTSIMH, Ne mepxpeectparii:
01170001235).
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LiFeVO,— CATHODE MATERIAL FOR LITIUM CHEMICAL POWER
SOURCES
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LiFeVO, was synthesized chemically. Electroactive composite on its base was prepared by
mechanical mixing of LiFeVO, and graphite in mass ratio 7:1. Lithium power sources numbered I
and II with the prepared composites basedcathode were constructed. In the first case we used two
lithium anodes and LiFeVO,—graphite based cathode (cell I). In the second case surface of lithium
anodes was covered by pressed graphite layer (cell II). Cells charge — discharge characteristics were
determined at the external circuit resistance equal to 300 Ohms.

The results of research of these cells indicate high values of discharge capacities and energies.
At the primary discharge, the internal resistance was sufficiently low. During the charge of the cell I
there were relatively high charge currents, which after a short time of charging began to grow very
rapidly. Evidently the reason for this is dendrite formation processes on the surface of the lithium
electrodes. Generated dendrites lead to an internal short circuit in the cell that causes sharp increase in
current. It also led to low values of discharge capacity and energy at the secondary discharge. Also,
after overcharging, the internal cell resistance increases. On the other hand, high charging currents
indicate a high rate of lithium ions diffusion in the electroactive material of a positive electrode.

Discharge characteristics of cell II were slightly lower. Discharge current and voltage
decrease faster than for cell I. The discharge characteristics of cell II after the charge were very low
due to the fact that the amount of electricity consumed by the charge was very small. The discharge
characteristics after the charge were very low due to the fact that the amount of electricity used for
charge was very small. Most likely the reason for this is the formation of a passivation film on the
lithium electrode surface. As a result, the direct contact between graphite and lithium becomes
impossible and graphite acts as an additional separator. Internal resistance increases and the process
of functioning of cell II complicates. The obtained results indicate the prospect of LiFeVO, as an
electrically active material for rechargeable lithium current sources.

Keywords: lithium-ferrum (III) vanadate, lithium power sources, charge-discharge
properties.
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