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KwuiBcbkuii HallloHATBHUHN YHIBEPCUTET TEXHOJIOTIH Ta TU3aiiHy

BIIVIMB  JOMIIIOK TA METOHOJIOI'TA X
BU3HAYEHHSI B TI'PA®ITI 5K B AKTHBHOMY
MATEPIAJII JITIX-IOHHUX UKEPEJI CTPYMY

Mema. Po3pobka memoouku U3HAYEHHS CHOJLYK BANCKUX MEeMAlie y 3paskax epagimy ax
mamepiany HecamusHo20 eleKmpooOy AiMiti-iIOHHUX AKYMYAAMOpI6.

Memoouxka. BuxopucmanHo  Memoo  peHmeeHOPNYOpecyeHmHo2o  aHanizy — ma
e1eKmpOXIMIUHI MEMOOU.

Pe3ynomamu. byno 3anpononogano Oekiibka cepiil Kaniopy8aibHUx cmanoapmis Ojis
00CNi0dHCeH s 0OMIWOK 6 epagimosux mamepianax. Ilposedeni nopieHsibHi eneKmpoxXimiuHi
docniddcents epagimosux 3paskie 00 1 nicis oyucmku Kuciomamu. Bcmanoegneno, wjo
PO3p00ONEeH] MemOOU XIMIUHO20 OUUWEHHS NPUPOOHO20 2pagimy 3abesneyyroms cmadilbHicmb
Xapakxmepucmuxk i ni08uweHi e1eKmpuyHi napamempu.

Haykoea nosusna. Bnepuwe po3podneno excnpecHy memoouky KilbKiCHO20 8U3HAYEHHS.
0OMIWOK y 3paszkax epaghimy sAK mamepiany He2amugHo20 eieKmpoody Jimil-iOHHUX
aKyMyAsamopise.

Ilpakmuuna 3nauumicms. Moowcnugicmv  KiIbKICHO20 — €KCNPECHO20 — BU3HAYEHHS
PIBHOMAHIMHUX OOMIWOK 8 2pagimi HA OCHOBI BUKOPUCMAHHA PeHM2eHOpyopecyeHmHo2o
auHanisy i po3pooseHux KaiiopysaibHux CManoapmis.

Knrwowuosi cnosa: nimiti-ionHuti  aKymyasamop, aHOOHUU mamepian, KaliopysaivHi
cmanoapmu, penmeenopyopecyenmuuti  auaniz  (P®A), nopisusaibna  enexkmpoximiuna
Xapakxmepucmuxka.

Beryn. Iloyatok HOBOTO THCSYONITTS CIIBIAB 3 BUPOOHMYUM OyMOM Ha PHHKY
€JIEKTPOHHUX TOPTATUBHHUX 3aCO0IB 3 MIKpPONPOLECOPAMH, TOCTYIHICTIO MOOUIBHUX 3aco0iB
3B’A3KY, IIEpeX0/10M Ha IUQpoBY (OTO- 1 Bimeoamaparypy, NOSBOIO NEPEHOCHUX KOMII IOTEPIB
BUCOKOI MOTYXXHOCTI. SIKICHUI Ta KiJIbKICHHHA picT MOOYTOBOI €JIeKTPOHIKH BUMaraB CTBOPEHHS
SKICHO HOBHX JKEPEN CTPYMY, SKI TIOETHYBAIH O Yy cO0l Masly Bary, BUCOKI XapaKTEpPUCTHKHU Ta
noBHy Oe3neuHicTh B ekcruryataitii. CtBopeni B 1990 pomi miTidi-ioHH1 akymysnstopu (JIIA)
0arato B YoMy 3aJ0BOJBHSUIA BUMOTH puHKY [1, 2]. He 3Baxkaroun Ha JOCHTH BUCOKY BapTiCTh,
Il aKyMYJIATOPH CTaJu Ty>Ke MOMYJISIPHUMHU B YCbOMY CBIT1 3aBJSIKH CBOIM YYJOBHUM TEXHIYHUM
XapakTepUCTHKaM. BUMyCK JiTi-IOHHUX aKyMYJISTOPIB B OCTaHHI POKU CTaOUIBHO 3pOCTae, a
JOCITIJKEHHS 1010 1X TOKpAIeHHs] aKTUBHO TPUBAIOTh.

Ha cporogni Hail0inbIl pPO3MOBCIOKEHUM aHOAHUM MaTepialioM Ui JITiH — 10HHUX
akymysstopiB € rpadit [3]. [Ipore, HasBHICTh Pi3HOMAHITHUX HIKIUIMBUX JAOMIIIOK € OJHUM 3
OCHOBHHMX HETaTUBHHUX (DAaKTOpiB, SKHH TMOTIpIIye eNeKTPUYHI XapaKTEpUCTUKH TpadiToBUX
aHO/iB (HE3BOPOTHA BTpAaTa EMHOCTI, peCypC IIUKIYBaHHS, pyHHYBaHHS aHOY).

IlocTanoBka 3aBaaHHs. MeTor0 poboTH Oysa po3poOKa eKCrpec-MeTOay KITbKICHOTO
BU3HAYCHHS JIOMIIIOK €JIEMEHTIB B TpadiTi Ta JOCIIIKEHHS BIUIMBY OCHOBHHUX JIOMIIIIOK Ha
€JICKTPOXIMiuHI BiIacTUBOCTI aHOAIB JIIA, BuroroBieHux 3 rpadiTy BITYM3HSIHOTO BUPOOHUIITBA.
B sikocTi OCHOBHOTO METONy aHaji3y XIMIYHOTO CKJaxy 3pas3kiB rpadity HaMu BHKOPHCTAHHMA
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BiloMuil MeTon peHTreHoduyopecueHTHoro ananizy (P®A), skuil 3a3BU4ail  J03BOJISIE
OTIEpAaTUBHO BCTAHOBUTH JIMIIE SIKICHUH CKJIaJ 1 CHiBBIIHOIIEHHS OCHOBHUX JIOMIIIOK. Jliist
KUTbKICHOTO BU3HAYEHHS PI3HUX JOMIIIOK B rpadiTi Ta oNTUMI3alii mapaMeTpiB CIEeKTPOMETpa
OyJo MiATOTOBIEHO pPI3HOMAHITHI KajmiOpyBajbHiI craHaaptu (ertajgoHu). Taki kamiOpyBasbHI
CTaHJApTH 3roJ0oM OyJI0 BHKOPHCTAaHO Il OTpuMaHHsA 1 posmudpoBku PDA crekTpis
JIOCITITHUX 3pa3KiB rpadiTy.

Pe3yabTaTi gociigkeHHsi. Y po6oti Oysio MpOBENEHO MOCTIIKCHHS Ta TMOPIBHSIHHS
KOMEpIIHHUX Mapok rpadity: rpadit akymymstopauid 'AK-1 xommnanii TOB «3aBammiBcbkuii
I'padit» Ta cumrermunnii rpaditr TIMREX® SFG6 kommanii TIMCAL Graphite & Carbon
Inc.( UIseiimapis).

30mbHICTh IpadiTy BU3HAYAIACH HUIAXOM 030JICHHS HaBaXKKU rpadity B MydenbHiil neui
Ta MPOKAJEHHS 30JIbHOTO 3AIMIIKY 10 MocTiiHoi Macu mpu Temmeparypi 1050 °C. 3onbHicTH
3pasky rpadiry (X) y BimcoTkax BuzHayamu 3a ¢popmyioro (1):

X= mz-100 !
T _-H [ j’

Jie M — Maca 30JIbHOTO 3aJHIIKY,
M — maca HaBaXkKu TpadiTy.

KanibpyBanbhi cranmaptu (etanonu) s P®OA Oynu BHUroTOBIEHI Ha OCHOBI
BUCOKOYKCTOr0 TepMmoposmmpenHoro rpadiry ABG1005 xomnawnii Superior Graphite Co.
(CIIA). Bubip mapku rpagity ABGI1005 ans BUTOTOBJICHHS €TalOHIB IMOB'SI3aHUM 3 #oro
BHCOKOIO YiCTOTOIO (3011bHICTh — 0,01%) Ta BiIOMHM XIMIYHHM CKIIAJOM.

Y poGoti OyB BHUKOpHUCTaHMA MeTOj mpsMmoro kamoOpyBanHs. Merom PDA nosposse
OJIepKaTH BIATBOPIOBAHMM aHANITUYHUN CUTHAJI BiJ 3pa3kiB 1 erajoHiB. DyHKIloOHaIbHA
3aJIOKHICTh aHAITUYHOTO CHUrHaiy Mana Burimsaa: Y = f (X), Tomy 3a J0MOMOTOI0 KOMILICKTY
CTaHJApTIB MOXKHA OyJI0 3HANTH (DYHKIIIOHAJIbHY 3QJIKHICTh 1HTEHCUBHOCTI aHAJITUYHOI JIHIT
P®A cnextpy Biag BMICTY AoMimku. Y poOoTi Oyiu BHUIOTOBIEHI KaniOpyBaibHI CTaHIApTH
IUISIXOM TpecyBaHHs HaBaxku (M) rpadity ABG1005 3 HeBenukow KijbKicTio (Ac)
nociikyBanbanx 3abpynaioBadis (Na,O, MgO, Al,O3 SiO,, CaSO,, K;0, TiO,, MnO,, Fe,0s
Ta i), BUMipsBIIM iHTEHCUBHICTh aHAMITHYHOI JiHIT 3pa3ky (lx) 1 etanony 3 mobaskoro (l¢),
MOJKHa po3paxyBatu KoHieHTpaiito (Cy) gomimiku B mpodi 3a piBHIHHM (2):

_Ac /L, 2)
T T= @/m (

OOpaxoBaHi JaHi MOAO KUIBKICHOTO BMICTY OCHOBHHX JOMIIIOK B JOCTIIKYBAIbHHX
3pa3zkax rpadity HaBeJeHI y TaOuIIl.

AHami3 3pa3kiB 3IIMCHIOBAIM JI0 Ta ICIS MPOBEACHHS MPOIEAyPH OUYHCTKH, sIKa
BKJIIIOYana: 00poOky konueHTpoBanoio HCI, 00pobky konmentpoBanoo HNO3;, 006pooOky
cymimmio kucinor HySO4:HF  (2:1/vol:vol), 06pobky cymimmmo kuciaor: HNOz:HCI:HF
(1:3:2/vol:vol:vol) y BignosigHocTi 10 po3pobnenux B KHYT/] marentis [4, 5].

3 Metoro ifeHTudiKalii CKIaay JOMIMIOK B 3pa3kax rpadiry Ta OIiHKH e()eKTUBHOCTI
OYNCTKH Oyja BH3HaueHa 30JbHICTH Ta mpoBeneHO PDA anami3 3paskiB rpadity 'AK-1 ta
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TIMREX® SFG6 10 i micist ix 06poOKH KHCIOTaMHI. Y3araibHeHi pesy/bTaTH MpeiCTaBICH B
Tabauril ta Ha Puc.1 ta 2.

Pesynbratu mociimkeHb TIMREX® SFG6 (3ombHictb 10 i micast oumctka — 0,01%)
BKa3yIOTh Ha Te, 110 rpadiT Mae NyKe HU3bKUH piBEHb JOMIMIOK (3a1i3a, MaHTaHy, HIKEJIO).
BcranoBneHo, 1mo #oro m1ogaTkoBa 00OpoOKa KHUCIOTaMH MPAKTUYHO HE 3MIHIOE PIBHS OYUCTKH
rpadity TIMREX® SFG6. Takuii BHCHOBOK TaKOX MiATBEPIKYI0Th PDA criekTpu 3paskiB
TIMREX® SFG6 mo 1 micag XiMiuHOI OYMCTKH. Sk moka3zaHo Ha Puc. 1 IHTEHCHUBHICTH
aQHATITUYHOI JIIHIT OCHOBHHUX JIOMIIIOK OYMIIIEHOTO 1 HEOYHIIIEHOTO 3pa3KiB OJTHAKOBA.

[Tporec XiMi4HOT OYMCTKH TOJATA€ y POZUYMHEHHI HEOPraHIYHUX JOMIIIOK 3 MOBEPXHI
rpadiTy npu B3aeMOJIl 3 KUCIOTaMU. Y pe3ysbTaTi BUAAISIOTHCS HasBHI Ha MOBEPXHI rpadity
3a0pyaHeHHs. OTxe, XiMiyHa O4MCTKa TpadiTy BiAOyBaeThCs Ha MeXi TBepAoi 1 piakoi ¢as, i
IpoIlec MOXKHA PO3IIISIATH SIK TeTeporeHHy peakiiro. HeedekTuBHICTh XIMIYHOI OYMCTKHU 100
TIMREX® SFG6, iiMoBipHO, MOB’S3aHA 3 THM, [0 3AJMIIKOBI JOMIIIKA 3HAXOASTHCS HE HA
MOBEPXHi 3pa3Ky, a B Horo o0’emi. SIKk HACHIAOK, MTOMIIIKA 3QJIMIIAIOTHCS HEAOCSIKHUMH IS
B3a€EMO/IIT 3 KUCIIOTaMHU TIij] Yac XiMIYHOT OUYHUCTKH rpadiTy TIMREX® SFGS.

I 10 -

imn/cek
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Puc. 1. POA criexrpu 3paska rpadity TIMREX® SFG6 n0 (kpusa 1) i micis #ioro ximiunoi
ouncTkH (kpuBa 2) cymimiirto kuciot HpSO4:HF (2:1/vol:vol )

3’acoBano, mo rpadit ['AK-1 (3ombHicTh 10 XimiuHOI ouyucTKH — 0,8%) MICTUTH
0COOJIMBO BHCOKY KUIBKICTh 3ajli3a, a TAKOX 0aratro 1HIIMX HEOPTaHIYHUX JOMIIIOK B 3HAYHO
MEHIIUX KUTBKOCTSX. Takox Oyio BHSBIECHO HasBHICTH Cipku. CIijl 3a3HAYUTH, IO CipKa Ta
3aJ1130 € HaWO1IBIIT HEOC3MEYHUMU 3a0pYTHIOIOYMMH eIeMeHTaMu it aHoAiB JIIA.

Jns Takux mpupogHHX rpaditiB, nomepenHbo oumnmeHnx Ha TOB "3aBamneBchkuii
rpagit", po3pobneni B KHYT/] nonatkoBi MeToiu XiMIYHOT OYHCTKHU € Ty*Ke e(h)eKTUBHUMH.

3icTaBlieHHsI PE3YNbTATIB OYUCTKH JA€ 3MOTY OI[IHUTH BIUIMB XIMIYHOI OYMCTKHA Ha
30JIbHICTh T@ BMICT HAWOULIbII KPUTHMYHHUX JOMIIIOK 1 3pOOMTH TEBHI BHCHOBKU IO BHOOpPY
KHCIIOT. 30Kkpema, miciast 006pooku I'AK-1 cymimmro kucior HySO4:HF a6o HNO3:HCI:HF 6ymna
nocsTHyTa MiHiManbHa 30ibHICTE 0,01-0,02%, TOOGTO 3arasbHa KUIBKICTH JOMIIIOK Oyia
sHmkeHa B 40-80 pasis.
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TakuMm yuHOM, 7S JIOJATKOBO ouuiieHoro 3aBajuieBcbkoro rpaditry I'AK-1 Oys
JOCATHYTHH TaKWi-)K€ PIBEHb OYMCTKH, SIK Yy BUCOKOOUHMIIEHHUX IMIOPTHHX Mapok Tpadiris

TIMREX® SFG6 i ABG1005.
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Puc. 2. POA cnexrtpu 3pazka rpadity 'AK-1 no (kpuBa 1) i micis Horo XiMiyHOT OYUCTKH B
HNO3 (kpusa 2) Ta cymimmto kuciaotr HoSO4:HF (xkpuBa 3)

Tabauys
XimMiuyHu# cKJaja 3pa3kiB rpagiry
3011b- Bwmict nomimok, Mr/kr (rpadirty)

I'padit Ouncrka Hl(;:‘h si S Ca Mn Fe Ni cu
SFG6 Heounmienwmii 0,01 90 50 90 20 75 <5 <5
SFG6 H,SO4:HF 0,01 90 50 90 20 75 <5 <5
SFG6 HNO3:HCI:HF 0,01 90 50 90 20 75 <5 <5

I'AK-1 HECOYHILCHUH 0,75 1350 2750 830 180 3400 270 180

I'AK-1 HNO3 0.35 1100 185 130 50 1500 35 30

I'AK-1 HCI 0.15 1200 130 100 50 200 35 30

r'AK-1 HF 0.07 400 175 85 6 155 10 <5

Ir'AK-1 H,SO4:HF 0.01 80 40 60 <5 70 <5 <5

I'AK-1 HNO3:HCI:HF 0.02 150 50 40 <5 85 <5 <5

3a pesynpraTamu POA ananizy, npeacraBieHuMu Ha Puc. 2 Ta B TaGauIll, BCTAHOBIICHO,
mo obpobdka rpadiry cymimmro kucinor HpySO4s:HF abo HNO3:HCI:HF € 6inpm edextuBHOIO,
uixk 3acrocyBanus HCIl a6o HF okpemo. OO6poOKka CONMSHOIO KHCIOTOI T03BOJISE €()EKTHBHO
BUJIAJIUTH TIIBKH METayeBl 3a0pynHeHHs (30Kpema 3aimi3o). [lmaBukoBa Kuciaora epeKTUBHO
BUJIAJISIE€ CIIOJIYKM Ha OCHOBI KPEMHIIO Ta alfOMiHII0, OJJHAK € MaJTOe()EKTHBHOIO MO0 BaKKHX
METaJiB y 3B’SI3Ky 3 YTBOPEHHSIM BXKKOPO3UYMHHUX (PTOPHUIIB IUX METaJiB, KOTPI HE MOXYTh
OyTH BUJaJIEH] 3 TOBEpXHi rpadiTy mia yac IpOMHUBKHU.

[Toniepenabo OysO BCTaHOBJIEHO, IO MeTajeBl 3a0pyqHEHHs (30KpeMa 3aii30, HiKelb,
MiJb, XpOM, MapraHellb, MONIOACH), a TaKOX CHIIKATH, aJIOMIHATH, CipKa Yy KOMEpPIIIHHX
3pa3kax rpadiTy CHpHUSIOTh MPOXOJKEHHIO BTOPMHHHMX pPEaKLil, 3HMKYIOUM €HEProe€MHICTh i
tepmin ekcruryatarii JIIA. Omxke, po3pobneni B KHYTJ] meromu XiMIYHOTO OYMINECHHS
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npuponHoro rpadirty [4, 5] MoxyTh 3a0€3NEUUTH BHCOKI EIEKTPOXIMiYHI XapaKTEPUCTUKU
anomxaM JIIA.

VY 3B’s3Ky 3 UM, OyJM MPOBEACHI €NeKTPOXiMidHI nochimkenns anoaiB JIIA Ha ocHOBI
rpadity ['AK-1 no (Puc. 3) i micxus #oro ximiunoi ounctku B KHY T/ (Puc. 4). Enextpoximiuni
JOCJTIJDKEHHS TIOKa3aiM, 0 MUTOMa €MHICTh HeouunieHoro rpadity ['AK-1 cranoButs 335
MA ToI/T Tipu TycTuHI cTpyMy 38 MA/T (10 ronuanmii pexxum mukiayBanus — C/10), HeobopoTHa
BTpaTa €MHOCTI Ha mepmioMy mukiai ckmamae — 100 mA-ron/r. HeoOGopoTHa BTpaTta €MHOCTI
3pa3Ky MOB’si3aHa OE3MOCEPEIHBO 3 B3aEMOJIEIO JITIIO 3 JOMIMIKAMH IIiJl YaC IHTEPKATIOBAHHS
aHomy. XiMiuyHa OYMCTKA JJO3BOJISIE BUKIIIOYUTH TaKy B3aeMojit0. Tak He0OOpHa BTpaTa éMHOCTI
B aHojax Ha ocHOBI ounmieHoro I'AK cranosuts He Ouibine 30 MA-ron/r. Caix 3a3HAYNUTH, IO
JOMIIIIKA 0COOJMBO BIUIMBAIOTH HA CTAOUIBHICTh XapaKTEPUCTUK aHOJIB M Yac iX HMUKITyBaHHS.
Hanpuknan, noMiniky 3ajiza pyiHYIOTh MacUBalliiiHy IJTiIBKY Ha rpadiTi, 110 3aXUIIae HOro Bij
ximMiuHoi B3aemonii 3 po3uMHHUKOM enektpoiity. Ha Puc. 5 mnpencraBneHi pesynbraTu
TpuBajoro nukiyBaHHs aHoniB JIIA Ha ocHoBi Tpadity I'AK-1 mo 1 micma #oro XimigHOi
ounctku. TpuBane muknyBaHHs (~120 1ukiiB) aHOMIB IMOKa3ajo, IO €JIEKTPOJ Ha OCHOBI
ounmenoro ['AK-1 Mae OinpIn BHCOKY CTaOUIBHICTH, HIK HOTO HEOYMINCHWM aHAJIOT.
Biamosigno no Puc. 5, ansa anona Ha ocHoBl HeounteHoro ['AK-1 crmocrepiraeTbcsi MOHOTOHHE
3MEHIICHHSI €MHOCTI MiJ1 Yac IUKIyBaHHA 1 iioro pecypc He nepesutnye 200-250 nukiiB. Takum
YMHOM, JaHi MpPOBeNeHOi poOOTH CBiAYaTh MPO €(EeKTUBHICTH 3alpPOIIOHOBAHOIO METONY

ouncTKH rpadity ans anoais JIIA.
E,Vvs.Li
2

| | I Y -
o 100 200 300 400 500
Q, mAh/g
Puc. 3. 3apsaa-po3psaaHi KpuBi eeKTpojia Ha ocHOB1 HeounteHoro ['AK-1.

[TyHKTHpPOM TMOKa3aHU# IPYTUi LUK IHTEpKATIOBaHHS aHOa
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Puc. 4. 3apsaa-po3psiHi KpuBi eekTpoa Ha ocHOBI ouniieHoro ['AK-1 cymimmto kuciaor
H,SO,4:HF [lyakTrpom JiHIE TOKa3aHWI APYTUA UK IHTEPKATIOBAHHS aHOa
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Puc. 5. [luknyBaHHS €J1€KTpOJa HA OCHOBI Ha OCHOBI OYUIICHOTO (KpHBa 1) Ta HEOUUIIICHOTO
(xpuBa 2) rpadity FAK-1

BucHoBkH. Pe3ynmbTaTé NpoBeNEHHMX IOCTI[DKEHb BKa3ylOTh Ha Te€, IO MeETaleBi
3a0pyIHEHHs, TaKi SK 3aj130, HIKENb, Millb, XpOM, MapraHelb, MOIO/ICH, a TAaKOXX CHIIIKATH,
aJTIOMIHATH, CipKa B KOMEPUIMHUX 3pa3kax rpadiTy CHOPHSIIOTh MPOXOHKEHHIO BTOPUHHHX
peakIliii, 3HWXKYIOYH EHEProeMHICTh Ta TepMiH ekcruryatamii JIIA. Jlns HemocTaTHBO-
OYMINEHOro rpadiTy XapakTepHI BUIII 3HAUYEHHS HE3BOPOTHOI €MHOCTI Yy MOpPIBHSHHI 3
ounineHuM. JIOMIIIKH, IO MICTATbCA B TpadiTi, BEAyTh A0 PI3KOr0 3MEHIICHHS TEpMiHY
ekcrutyaranii anoga JIIA npu nukinyBaHHI Ta HOro MOCTYHNOBOTO pyiHYBaHHs. Po3polieHi B
KHYT/l meronu XiMIi4HOTO OYMINEHHS MPUPOAHOrOo rpadity 3abe3nedyioTh CTabUIbHICTD
XapaKTEePUCTHK 1 MiJIBUIICHI €IEKTPUYHI TTapaMETPH.
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BJIUSAHUE IPUMECENA M METOJIOJIOTUS UX ONPEJEJEHUS B T'PA®UTE
KAK B AKTUBHOM MATEPHAJIE TUTUHA-UOHHBIX UCTOUYHUKOB TOKA

KOPOBKO I.1., XOMEHKO B.I'., BAPCYKOB B.3., MAKEEBA U.C.

Kuesckuil nayuonanoHwlll yHugepcumem mexHoni02uti U OU3atiHa

ean. PazpaboTka METOAMKHU ONIPEACIICHHUS] COSTMHCHUH TSDKEIBIX METAJIIOB B 00pasiax
rpaduTa B KayecTBE MaTepHrajia OTPULATEIbHOTO 3JEKTPO/Ia INTHIH-HOHHBIX aKKyMYJISITOPOB.

Metoauka.  lcnonp3oBaH  METOA  PEHTTCHOQUIYOPECHEHTHOTO — aHajiW3a U
AIIEKTPOXUMUYECKHE METO/IBI.

Pe3yabTaThl. BHUIO CKOMITOHOBAHO HECKOJBKO CEpHU KaTHOPOBOYHBIX CTAHAAPTOB JIJIS
rpaduTOBBIX MaTepuasioB. lIpoBelneHbl CpaBHUTENBHBIE 3JCKTPOXUMHUECKUE HCCIEIOBAHUS
JTAHHBIX 00pa3I0B JI0 U MOCJIEe OYMCTKH KUCIOTaMH. Y CTAHOBJICHO, YTO Pa3paOO0TaHHBIC METO/IbI
XUMHUYECKOH OYHMCTKU MPHUPOJHOrO TrpaduTa 00ECrednBalOT CTAOMIBHOCTh XapaKTEPHCTUK H
MIOBBIIIICHHBIE 3JICKTPUIECKHE TTapaMETPHI.

Hayunasi HoBuM3HA. BriepBeie pa3zpaboTaHa 3KCHpECcCHas METOJUKA KOJIUYECTBEHHOTO
orpeneneHus mpuMmeceid B oOpasnax rpagura Kak aKTHBHOTO MaTepuallia OTPULATEbHOTO
ANEKTPOJIA TUTUH-HOHHBIX aKKYMYJISITOPOB.

IIpakTuyeckasi 3HAYMMOCTb. BO3MOXHOCTH  3KCHPECCHOTO  KOJIUYECTBEHHOTO
ONpENeNIeHUs]  Pa3UYHBIX  TpuMeceld B TpaduTe Ha  OCHOBE  HCIOJB30BAHHUS
PEHTTeHO(ITYOPHCLIEHTHOTO aHaIM3a U Pa3pabOTaHHBIX KAIMOPOBOYHBIX CTAHAPTOB.

KiroueBble cioBa: iumuti-uOHHbINL AKKYMYIAMOP, AHOOHBIU MAMEPUAT, KATUOPOBOUHbIE
cmanoapmsl, penmeenogyopecyenmuulii anaius (P®@A), cpasnumenvnas snekmpoxumuyeckas
xapakxmepucmuxa.

THE EFFECT OF IMPURITIES AND THE METHODOLOGY FOR THEIR
DETERMINATION IN GRAPHITE - THE ACTIVE MATERIAL OF LITHIUM-ION
POWER SOURCES

KOROBKO D.I., KHOMENKO V.G., BARSUKOV V.Z., MAKYEYEVA I.S.

Kiev National University of Technologies and Design

Purpose. A methodology has developed for determining the compounds of heavy metals
in the samples of graphite as active materials for negative electrodes of lithium-ion batteries.

Methods. X-ray fluorescence analysis (RFA) and electrochemical methods were utilized.

Results. Several series of calibration standards for graphite materials were designed. The
comparative electrochemical studies of these samples were accomplished before and after acid
treatments. It was founded that the developed methods of chemical purification of natural
graphite provide a stability and higher performance of electrical parameters.

Scientific novelty. For the first time the express technique was developed for the
quantitative determination of impurities in the samples of graphite as an active material for the
negative electrode of lithium-ion batteries.

Practical significance. It was shown an ability of express quantify determination for
various contaminants in graphite based on X-ray fluorescence analysis and the developed
calibration standards.

Keywords: lithium-ion battery, anode material, calibration standards, X-ray
fluorescence analysis (RFA), comparative electrochemical characterization.
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