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SJIEKTPOXUMHUYECKHI CIIOCOB ©®OPMHUPOBAHUSL
SAIIMTHBIX OKCHUIHBIX ITOKPBITUU HA CTAJIAX-
MHTEPKOHHEKTOPAX UISA TOTD

[Tpu nponomkuTenbHOU paboTe Ha BHICOKUX TEMIIepaTypax TBEpHAo-
OKCcHAHBIE TOIUIMBHBIE 35ieMeHThl (TOTD) nerpaaupyroT BCiaeACTBUE B3au-
MozencTBUs (QyHKUMOHANBHBIX MaTepuanioB TOTD u HMHTEPKOHHEKTOpA.
VYBenuunuth cpok ciayx0s TOTD MOXKHO myTeM HaHECEHHs] Ha MOBEPX-
HOCTh MHTEPKOHHEKTOpA, M3rOTaBIMBAEMOr0 M3 APOMPOUYHBIX BBICOKO-
XPOMHUCTBIX CTaJEH, JEKTPOIPOBOIAIIETO 3a[UTHOTO TOKPBITHS.

B kayecTBe TaKMX MOKPBITUNA UCIIOJIB3YKOTCS COCIMHEHNSI HA OCHOBE
MapraHen-Ko0aJIbTOBOM IIMKUHEIN, OKCHIa MapraHlla U XpOMUTA JIAHTaHa.
CymiecTByeT MHOXKECTBO METOJIOB HAHECEHMS 3al[UTHOTO TMOKPBITHS:
MJJa3MEHHOE HaNbUICHHE, TEPMHUUYECKOE HAlbUICHHWE, MAKETHas I[IeMEHTa-
nusi, TpadaperHas neyaTh, paJuov4acTOTHOE MarHETPOHHOE pacIblICHUE,
ANEKTPO(HOPETUUECKOE OCAKIACHHE U T. [I.

B nannO# paboTe mpeaioxkeHa TEXHOIOTHSI HAHECEHUS JIEKTPOTIPO-
BOJSILIETO 3alUTHOTO OKCUIHOTO IOKPBITUS IIYTEM 3JIEKTPOOCAKICHHUS
cnos La m 3d-meramnoB Mn, Co, Cu, Ni U3 HEBOJHBIX PaCTBOPOB C IOCIIE-
nyromei TepmoobpadoTkoit mpu 950-1100 °C [1]. CocraB 31eKTpoanTa
BbIOpaH Ha OCHOBE TEPMOAMHAMHYECKHX pacueToB. s pacuera MCHob-
3oy iporpammy HSC Chemistry 9. DneMeHTHBINH u (a30BBIA COCTaB
NOKPBITUH MTOAOUpPANIN TaK, YTOOBI HA MOBEPXHOCTH CTAJIN (POPMHUPOBAIUCH
OKCUAHBIE (pa3bl, MIIOTHOCTH MAPOB KOTOPHIX HIXKE MO CPABHEHUIO C OKCHU-
nom xpoma CrO;, kak HauboJee JeTyduM KOMIIOHEHTOM.

[TokpbITHS HAHOCHUJIM HA BBICOKOXPOMHUCTBIE CTalIM Pa3iINYHbIX Ma-
pok: Crofer 22 APU, En 1.4521, 15X25T, SUS 441. B pabote ucciemoBa-
Hbl OKCHUJHBIE MOKPBITHS C OCHOBHBIMM KoMIoHeHTamu LaMn,oCuy;Os,
LazNio_gcuO_104 n MHC01.8CUQ_204.

®da30BBIN COCTAB MOKPHITUH MCCIIEIOBAH METOJAOM PEHTTeHO(a30BO-
ro ananu3a Ha gudpakromerpe D/MAX-2200VL/PC (Rigaku, Snonus) B
Cug,-M3Ty4eHUN IpU KOMHATHOM TeMIIepaType B BO3IYIIHON aTMocdepe.
TosnuHa, CIJIOMIHOCTE U MUKPOCTPYKTYpa MOKPBITUNA HCCIEIOBAaHbI Me-
TOJAOM PACTPOBOM 3JIEKTPOHHOM MHUKpOCKONMM Ha MukKpockone MIRA 3
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LMU (Tescan, Yexusi) ¢ SHEPrOAUCIEPCUOHHBIM JETEKTOPOM JJIsi dJie-
menTHoro a”ammsza INCA Energy 350. DnexkTpompoBOIHOCTH 0Opa3iioB
CTaJIA MCCIIEJOBAIA YEThIPEX30HA0BBIM METOAOM C MTOMOIIBIO MYJIbTUMET-
pa Agilent 34401A.

[Tpumep MHUKPOCTPYKTYpPBI MOBEPXHOCTH MOKPBITHS NOKa3aH Ha pU-
cyHke 1.

Pucynok 1 - MUKpPOCTPYKTYpa 3allIMTHOI0 OKCH/IHOI0 MOKPBITHS HA CTAJIH
En 1.4521: Buj cBepxy (ci1eBa) u nonepeyHoe ceyeHue (crpana)

TonmuHa nogy4yaeMbIX NOKPBITUH BapbUpOBajach B JUala3oHe
3—-10 MkMm. MetonoM peHTreHO(a30BOr0 aHalvM3a B T€OMETPUU CKOJIb3S-
IIeTO IMydYKa MOKa3aHo, 4yTO ()a30BbIN COCTaB MOKPBITUIA MEHSETCS OT TO-
BEPXHOCTU B TIyOUHY, MPH 3TOM (POPMUPYIOTCS XpoMcojepskamiue (a3bl
CO CTPYKTYpPOH IEpOBCKUTA C IOKPBITUSMH, B COCTaB KOTOPBIX BXOJUT
naHTaH. [Ipy Hanuuuu HUKENS U MapraHia oopaszyrorcs (as3bl CO CTPYKTY-
poit mmuHenu. [lokazaHo, YTO HAHOCUMBIE MOKPBITUS 00JIaJal0T BHICOKOU
AJIEKTPONIPOBOAHOCTBIO IO CPABHEHUIO ¢ 0Opa3uamu cTaiu 0e3 MOKpPBITHS
1 CTaOMIILHOCTHIO, PUCYHOK 2.
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PucyHnok 2 - 3aBUCUMOCTH OT BpeMeHH CONPOTHBJIEHUS
o0pa3sua crainu SUS 441 0e3 NOKPBITHS U ¢ NOKPbITHEM
LaMny9Cug 103 B BO31ylIIHOM cpefe
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BJIUAHUE YIJIEPOJHOI'O IOKPBITUA
HA 3JIEKTPOXUMHYECKHE CBOIMCTBA KATOJIOB
HA OCHOBE LiFePOJIMTUN-UOHHBIX AKKYMYJIATOPOB

Influence of carbon coating on electrochemical properties
of LiFePO,cathodes for Li-ion cells

Abstract

Lithium-ion batteries (LIB) and lithium-polymer batteries (ALP) are the most
energy-intensive among rechargeable electrochemical systems and have the greatest po-
tential for further development. A cheap and environmentally friendly compound - li-
thium iron phosphate with the structure of olivine LiFePO, (discharge capacity of 3.4
V) is the most promissing cathode material. One of the lines to increase the electronic
conductivity and the lithium diffusion coefficient is the creation of a conductive coating
on the surface of the LiFePOy particles. The studies were performed using commercial
active materials (MA) based on pure iron lithium phosphate (LiFePO4) and carbon
coated LiFePO,4 (LiFePO4/C). Mechanochemical synthesis precursors for the active ma-
terial were iron oxalate (II), dihydro ammonium sulfate and lithium carbonate, with glu-
cose as the carbon source. Annealing the material was held under the argon atmosphere
at a temperature of 720°C. Assembly of the CR 2032 cells was performed in the argon
atmosphere with humidity less than 0,1 ppm, in the VGB-3P glovebox. Lithium metal
was used as the anode, Celgard 2325 as a separator, and 1.2 M solution of LiPFg in the
mixture of ethylene carbonate (EC) and ethyl methyl carbonate (EMC) at a ratio of EC:
EMC = 3: 7 served as the electrolyte. The activation of the battery by charge/discharge
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