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Meronamu peHTTeHIBChKOT An(pakmii MOPOLIKY, CKaHYIUoi eIeKTPOHHOI MiKpPOCKOTMIi,
€HeproINCIIepCiHHOT PEHTTEHIBCHKOI CIIEKTPOCKOMIT Ta €JNEKTPOXIMIYHOI iHTEepKaIILii JOCIIHKEHO
npolec eIeKTpoXiMivHoro JititoBanus ¢a3 Ys,Dy,Ges ta Ys,Sm,Ges.

Ilicns iHTepKaNMALil JIITiIFO HMPOCTEXKY€EThCs 30UTBIIEHHS ITOPUCTOCTI MOBEPXHI Ta YacTKOBA
amop@izamis MarepianiB aHOAA, IO MPOSBISIETHCA Y 3HAYHOMY DPO3LIMPEHHI Mpodimo MiKiB Ha
mudpaktorpamax. Ckmaz 3epeH Wicias JTIFOBaHHS MPaKTHYHO HE 3MiHIOBaBcs. KinbkicTs
JeiHTepKanboBaHOro JiTito cranoButh 0,24 Ta 0,22 Li/d.o. mi1 Y,4Dy,6Ge; ta Y3Sm; 4Ges,
BiAMOBIHO.

Kniouosi crosa: iHTepMeTanidHA CIIONyKa, TBEPAi PO3YMHH 3aMILCHHs, ENEKTPOXIiMiuHe
JITiIOBaHHS, JNiTifi-I0HHI aKyMYJIATOPH.
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1. Beryn
VY nitepatypi € BiIOMOCTI TNpO JOCHI/PKeHHs MOTpiHMX cucteM R-R'-Ge,
ne R i R — piakicHozeMenbHUIT MeTan 1iepieBoi abo iTpieBOl MIArPYNH Ta OKPEMHUX

nepepisis RGe,~R Ge,. Jliarpamn dasosux piBHOBar moGymoBaHo s cucrem Ce—{Sc, Y,
La, Gd, Lu}-Ge, Sc—{Nd, Y, Dy}-Ge [1], Dy-[Y,Sm]-Ge [2-4] tTa Tm—{Gd, Er}-Ge [5,
6]. dus inmumx gochimxysanu nepepizu: DyGe,—RGe, (R = Gd, Th, Ho, Er, Tm, Lu) [7],
RGe,-LuGe, (R = Sm, Pr, Nd, Gd, Dy) ta SmGe,—RGe, (R = Gd, Tb, Ho, Er, Tm) [8-12].
[HTEepMeTaNiyHi CIONMYKH, SKi YTBOPIOKOTHCS i Yac XIMIYHOI B3aeMOJii MeTaiB Mix
co00K, a TakoX 3 HamiBMETATIYHHUMH €JEMEHTaMH, € OCHOBOK 0ararb0X HOBHUX
MatepianiB. IX Takok MOKHAa BHKOPHCTOBYBATH SK JEKTPOJHI MaTepiaau B NiTiii-ioHHHX
Ta METAIOTIIDUIHUX aKyMyysaTopax. YacTo elekTpoxHi Marepialdi Ha OCHOBI
IHTEpMETAIIB y JITIH-IOHHUX aKyMyJaTopax HiIalOThCS CTPYKTYPHHM 3MiHAM 4epes
nedopmanii min wac iHrepkamauii uitiro [13, 14]. Came TOMy TOJOBHI BHMOTH [0
SJIEKTPOJIHAX MaTepialiB — 1€ HasBHICTh TETPACAPUYHHMX Ta OKTACIPUYHHUX IIyCTOT,
JOCTAaTHIX Uil  OOOPOTHOTO IPOLECY IHTepKasALii—JeiHTepKasuii, 30epekeHHs
KPHUCTAJIYHOT CTPYKTYpH BHXIJIHOTO Marepiajy Ta ioro Benuka copOuiitHa emHicTh. He
MEHII BaXXJIMBUM UYMHHUKOM € IHEPTHICTh €JEKTPOJIB CTOCOBHO EJEKTPOJITY IiJl dac
NPOITYCKaHHS €JIeKTPUYHOrO CTPyMy, TOOTO BIJICYTHICTH NMOOIYHMX peakliii Ha IOBEpXHi
eNeKkTpoaa uu Horo macuais [13].

Y mnotpiiitHux cucremax R-R'-Ge MiX 130CTpYKTypHHMH TrepMaHizamu 31
CTPYKTYPOIO THITY MnsSi3 yTBOPIOIOTHCS HEMEPEPBHI PSIU TBEPIUX POIUHHIB.
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V 1pOMY CTPYKTYPHOMY THIi € BEJHKi OKTaeapuuHi myctotd (2b), yrBopeHi
IIiCThMa aTOMaMM pPiJKICHO3E€MEJBHOTO MeTally, AOCTYIIHI Ui IHTepKajsauii JiTito.
YHacnmigok BKIOYEGHHS aTroMiB Li y IIi IyCTOTH YTBOPIOETHCS HAICTPYKTypa
HfsCuSn; [15-20].

MeTta Hamoi mpari — BH3HAYWUTH MEXaHi3M IHTEpKamAmil JiTifo B IycToTH (a3
Ys.Dy«Ges ta Ys5,Sm,Ge;, mpoBectn (a3oBuii aHami3 3pa3kiB O Ta TICIs JIITIIOBAaHHS,
BUXHAYUTH IX AKICHUH Ta KIILKICHUI CKJIAI.

2. MeToanka eKciepuMEHTY

Juist gociiikeHHsl CHHTE3YBaHO CIUIaBU CKiIany Y3pDYss5Ges75Ta Y40SMy5Gesrs B
eJIEKTPOJYTOBii me4i B atMocdepi umcroro aproHy. UYucrora MeTaiiB Uil CHHTE3Y —
99,99 mac. % ocHoBHOro KoMmmoHeHTa. /[y romoreHizamii 3paskd BiANATIOBAIN Y
BaKyyMOBaHHX KBapLOBUX ammyiax ynponoBx 720 rox 3a 600 °C, motiM rapTyBayiu y
XOJIONHIA BOAI, He po30MBaroYM aMmmynl. PeHTreHiBCbKHMI MacHB [aHUX OJEpXajiu Ha
aBTOMAaTHYHOMY peHTreHiBcbkoMy nudpakromerpi JAPOH-2,0M  (Fe Ka-npomiHHS).
®da3oBuil aHali3 3pa3KiB aHOJHUX MaTepialiB JI0 Ta MICISA eIEKTPOXIMITHOTO JITIFOBaHHS
npoBOMMIIM 3 BHUKOpHcTaHHsIM mporpamu PowderCell [20]. YTouHeHHs mapaMeTpiB
EIIEMEHTAPHUX KOMIpOK MpoBOIiiIK 3a jgomnomoroto mporpamu WInCSD [21], ockinbku
KpPUTEpiEM YTBOPEHHS TBEPIHWX PO3UMHIB il Yac EIEKTPOXIMIYHHX IIPOIECIB € 3MiHa
00’€eMiB elIeMEHTapHUX KOMIPOK (a3.

EnextpoxiMiuHe JiTiIOBaHHS/IENITIIOBAaHHS NPOBOJUIM B JIBOCJIEKTPOIHIH Mozei
akymyssaTopa “Swagelok-cell”. Sk MaTepias kaTo/1a BUKOPUCTOBYBAIH MOPOIIOK KEPaMiKK
LiCoO; (ctpykrypHuii Tun a-NaFeO,, npoctoposa rpyna R-3m), cipecoBanwuii y TabieTKy
3 IUIOMICI0 MOMEPEYHOro mepepizy 1 cM®. CunresoBani crmaBu Macoo 0,2-0,3 T,
nopiOHeHi, MepeTepTi B MOPOIIOK, 3MOYCHI EJIEKTPOJIITOM Ta CIPECOBaHI B TabJETKY,
BUKOHYBAJIH POJIb aHOJHUX MartepialliB (Takox 3a IPOLECiB po3pAny). Marepianu aHona i
Karoga OynM pO3JiJIeHI 3a JONOMOrOK IPECOBAaHOI LENIONIO3U SK cemapartopa. Sk
SJIEKTPOIIIT BUKOPUCTOBYBaiH 1 M po3umnH mitiit rekcaduroopodocdary Li[PFg] v cymimi
aNPOTOHHHUX OPTaHIYHUX PO3YMHHHKIB. YCi eNeKTPOXIMiYHI JOCTIKCHHS BUKOHYBAINA Ha
nBoKaHabHOMY rambBaHoctaTi MTech G410-2 [22]. Ilicns 3aBepIieHHs eNeKTPOXiMigHIX
BUMIPIOBaHb 3aps/PKEHI 10 HACHYCHHS JITIEM 3pa3KH eICKTPOIHAX MaTepialliB BUMMAIH 3
mozaeni X/IEE, 3mimyBanu 3 iHOuQEpeHTHUM MacioM Ta OTPUMYBald PEHTIEHIBChKHN
MacuB JaHuX. [lapanenpHO, 1O Ta Ticas €JIEKTPOXIMIUHOI IHTepKaJsiuii JiTito,
JOCTIKYBaIK  MOP(QOJIOrif0 MOBEPXHI 3pa3KiB METOJaMH CKaHYIYOi EJICKTPOHHOT
mikpockomii (ckanyroumii  enektpoHHuii Mikpockonm TESCAN Vega3 LMU) Tta
€HeproJMCIepCciiHOi  PEeHTIeHIBCbKOT  CHEKTpOCKOMil  (PEHTreHIBCHbKMI  aHalli3aTop
OxfordInstruments, cucrema Aztec ONE).

3. Pe3yabTaTu Aoc/igxKeHb Ta iX 00roBopeHHst

Jlist  BUBYEHHSI  ENEKTPOXIMIYHHX  BIIACTUBOCTEH OOpaHO 3pa3ku  CKJIAJy
Y30DY325G€375 Ta Y 40SMy, 5GE37 5. PenTreniBebkuii (ha3oBuii aHalli3 CHHTE30BaHUX CILIABIB
JIO Ta IICHS EeJEeKTPOXIMIYHOIO JITIIOBaHHS II0OKa3aB 3MiHY NapaMeTpiB ejeMeHTapHOI
KOMipKH (130TPOIHO 3pocTaroTh) Mt hazu YyDYssGesrs: a = 8,4430(3) A, c=6,341803) A,
V =391,50 A3 a = 8,4322(3) A, ¢ = 6,3450(3) A, V = 391,71 A3, BixnosigHo, s (hazmu
Y0SMpsGesrs: a = 8,4586(1) A, ¢ = 6,3405(2) A, V = 392,99 A% a = 84690(6) A,
c=6351(1) A, V = 395(1) A% ignosizno. Jludpaxrorpamn 3paskis YzoDys,sGesrs i
Y40SMy5Ges75 M0 Ta michs  eNeKTPOXIMIYHOrO JITIIOBaHHS IOKa3aHO Ha puc. 1.
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IIporiec iHTEpKANIAIT JITiIFO CKIATAETHCS 3 TBOX €TAIliB: MEPIINii — BKIIOYEeHHS Li B
okraenpuuHi mycrotu (2b) 3 yrBopennsm LicY, 4Dy, sGe; Ta LicY36Sm; 4Geg; apyruit —
yacTKoBe 3aMmimeHHs aromiB Ge Ha Li 3 yrBopeHmsIM (a3 Y,4Dy,Ges Lix, Ta
LixsyY36Sm; 4Geg.y, Bigmosigno. ITicas BkiItoueHHs Li B OKTaeOpUUHI IIyCTOTH CTPYKTYpa
tuny MnsSi; TpanchopmyeThes B HaacTpyktypy HfsCuSns.
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Puc. 1. I[I/I(I)paKTOFpaMI/I 3pa3KiB Y30Dy3215GE37V5 (a), Y4osm22'5663715 (6)
JIO Ta TICI eIeKTPOXIMIYHOTO JITIFOBaHHS
Fig. 1. X-ray powder patterns of the samples Y3,Dy3, 5Ges75 (@), Y40SMy25Ges7 5 (b)
before and after electrochemical lithiation

Ha puc. 2. mokazano CEM-300paxkeHHs] MOBEPXOHb IOJIIKPUCTATIYHUX 3pas3KiB:
Y2.4DY,6Ges (a) Ta Y36SmMy 4Ges (6) mo Ta micns miTiroBaHHS 3a 30inpments y 4000 pasis.
CkJ1a]] 3epeH MicJist JiTiFOBaHHs PaKTUYHO He 3MiHIOBaBCs. KibKIiCTh IeiHTEpKaIbOBaHOTO
mitito cranoButh 0,24 Ta 0,22 Li/d.0. mms Y,4DY,6Ges Ta st Y36Sm; 4Ges, Bimnosimwo.
BennunHa KimbKOCTI €JIEKTPOXIMIYHO aKTUBHOTO JIITIIO JOOpEe KOpemroe 3 pe3yidbTaTaMH
eJeKTPOXIMIYHOTO JiTifoBaHHA Sn-BMicHHX ¢a3 [16, 19]. [piGHi YacTHHKH poO3MipoMm
1-2 mxm (Y,4DY26Ge3) Ta 27 MM (Y36SM; 4Ge3) yTBOproBanuch HuIsixoM amopdizarmii
6inpmmx 3epeH (15-30 mxm). Ha ocHOBI IIMX YaCTHHOK yTBOPIOIOTHCS JIPiOHI OJI0KOMONIOH]
arperary 3aBJsIku amopizalii Marepiany i B3a€eMO/Ii1 TOBEPXHI EJICKTPOJIa 3 ENEKTPOIITOM.
Ha puc. 3 1 4 300pakeHO €JEMEHTHUH PO3MOAIT Ha IOBEPXHI JOCIHIIKEHUX
MOJIKPUCTAJIIYHUX 3Pa3KiB /10 Ta IMICIS €IeKTPOXIMIYHOTO JITIIOBaHHS.
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Puc. 2. CEM-306pakeHHs TOBEPXOHb HOTIKPUCTAIIYHHX 3pa3KiB: Y, 4Dy, sGe; (@)
ta Y365m; 4Ge; (6) mo (miBopyd) Ta micis iTiroBaHHs (IpaBopyd) 3a 36iapmenns y 4000 pasis
Fig. 2. SEM-imagesof polycrystalline samplesY, sDy, ¢Ges (a) and Y3 sSmy 4Ges (b)
before lithiation (left) and after lithiation (right) for magnification of 4 000x

a o

Puc. 3. EnemeHTHHIT po3moin (3aranbHuil Ta 4acTKOBHIA) Ha IOBepxHi 3paska Y, 4Dy, ¢Ge;
110 (@) ta micist (6) eneKTpOXiMIYHOTO JITIFOBAHHSI
Fig. 3. Elemental distribution integral and partial on the surface of Y, 4Dy, ¢Ges surface
before (a) and after (b) electrochemical lithiation
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Puc. 4. EnemenTHUI po3no/in (3aranpHuil Ta 4aCTKOBUI) Ha MOBEPXHI 3paska Y3 ¢Sm; 4Gey
10 (a) Ta micis (6) eneKTpOXiMiYHOTO JITIFOBAHHS
Fig. 4. Elemental distribution on the surface of Y3¢Sm; 4Ge; surface
before (a) and after (b) electrochemical lithiation

Bapro 3a3HauuTH, 10 OTpUMaHi pe3yabTaTH JA00pe  Y3ro/KYHThCS 3
PEHTreHIBCbKUM  (ha30BUM  aHANI30M Ta MIATBEPIXKYIOTh JOCHIIDKEHHS BHKIFOYHO
oHO(a3HUX 3pa3KiB 3i creximerpieto 5 : 3 (OXHOPIAHICTH PO3MOJUTY €JIEMEHTIB IO YCiX
3epHax). Ilicns JiTiIOBaHHS MM TPOCTEKYEMO Ha IOBEPXHI aJCOPOIiI0 KOMIIOHEHTIB
enekrpouity, 30kpema O, F ta P. BmicT kapOoOHY CBIZIOMO BHJIYYEHO 3 PE3y/IbTATIB aHAII3Y
AK KOMIIOHEHT 3 OpraHiYHMX PpO3UYMHHHUKIB Yepe3 BHUKOPHCTAHHS CTPYMOIIPOBIIHOI
BYIJICLEBOI IUTIBKHM SK TIIKIANKA JJIsl HAHECEHHS MOJIKPHUCTAIIYHUX 3pa3KiB. 3TiTHO 3
EJIPC BigHocHe criBBigHomeHHs F/P € 6mu3bke 70 6, M0 HiaTBEpIKye aacopOIiiio came
[PF¢]” amiona 6e3 mobGiunmx mporeciB. XiMidHMI CKIa] OCHOBHOI (ha3u st 000X 3pa3KiB
NPaKTHYHO HE 3MIHMBCSA 3a BHHITKOM BiJIHOCHOTO 3MEHIICHHS BMICTY TIepMaHil0 Ha
NoBepxHi 3epeH Ha 1,9-2,6 ar. %. Take 3MileHHS CKJlay NOKa3ye, 10 MPOIEC YaCTKOBOTO
3aMIlICHHS AaTOMIB TEPMaHil0 Ha T € cnadiie BUpPaXKEHHWH, HDK Oe3mocepenHe
3alOBHEHHS OKTACAPUYHMX MYCTOT JITIEM.

JIBoCTaniiHICTh TPOIIECY JITIFOBaHHS JAEMOHCTPYIOTh 3apsiaHi KpuBi (puc. 5), 1o
MarTh XapakTepHUI 371aM, PI3HUIIO B 3HAYCHHSX MMOTEHIIaNiB NOsSCHEHO BUKOPUCTAHHSIM
pizaux P3M Ta ix cmiBBigHOIIEHHS. Bin3pki 3HAYEHHS €IEKTPOXIMIYHO aKTHBHOTO JITiIO
(0,24 ta 0,22 Li/d.0. amst Y, 4Dy, 6Ges ta Y36Sm; 4Ges, BinmoBigHo) no0pe KOPEmTh 3
napaMeTpamMH eJIeMEHTApHUX KOMIPOK MAOCII/UKEHHX TBEPIUX PpO3UYHMHIB, SKI TEX €
Omm3pkuMu. s 130CTpYKTypHHX cTaHimiB [15, 16, 19], sk enexTpogHuMX Marepialis,
MOXKHa MPOCTEKYBATH OLTBII HPOTSKHI TBEPAl pO3YMHH BKIIOYeHHS RsSnsLiy 3aBasku
HabaraTo OUTBIIOMY PO3MIpY IYCTOT /ISl IHTEpKAJISLIT JIITiFO.
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Puc. 5. BuOpani 3apsiiHa Ta po3psana kpusi it npototunis X/1EE
Ha OCHOBI CIIJIaBiB Y30Dy32V5G83715 Ta Y405m22,5Ge37,5
Fig. 5. Selected charge and discharge curves or prototypes of the batteries
on the basis of the Y3yDys,5Ges75 and Y,0Sm,, sGes; 5 alloys

4. BUCHOBKH

MetogaMn  peHTIeHIBCBKOI  AM(paKmii TMOpPOIIKY, CKaHYIYOl eJIeKTPOHHOI
MIKPOCKOMI{, €HEepProIUCIepCiifHOI PEHTICHIBCHKOI CIIEKTPOCKOMIi Ta eIeKTPOXIMIdHOL
IHTepKAIALii JOCHIIKEHO TMPOIEeC eNeKTPOXiMidHOTro dmiTiroBaHHA (a3 Ys,Dy,Ge; Ta
Ys5xSm,Ges, M0 KPUCTATI3YIOThCS B CTpYKTypHOMY TUIi MnsSis. [Iporec enekTpoximMivuHOT
IHTepKAIAILIi JITIF0 CKJIATA€ThCS 3 JABOX €TAlliB: MEPINUi — BKIOUYCHHs Li B OKTaeapuyHi
nycrotu (2b) 3 yrBopenusam HamcTpyktyp LicY,4DY,eGes Ta Liy Y36Smy 4Ge; i apyruit —
yacTkoBe 3amimenHs artomiB Ge Ha Li 3 yrBopeHHsM ¢a3 Yp4Dy,eGesyLiwy Ta
LixyY36Sm; 4Gesy, Bigmomimno. Ximiunuii  cxiag — HOBepXHI  3epeH  (MOIbHE
cmiBigHomenust Y/R/Ge, R = Dy, SM) npakTHYHO HE 3MIHIOETHCS Tijl Yac JITIOBAHHS.
[Ticnst iHTepKaNALIT JITIF0 TPOCTEKYETHCS 301IBIIEHHS MOPUCTOCTI MOBEPXHI Ta 4aCTKOBA
amopdi3zaris MaTepiaiiB aHOIA, IO MPOSBISIETHCS Y 3HAYHOMY PO3IIUPEHHI IPOdLITIO TiKiB
Ha TIOPOMIKOBUX IudpakTorpamax. KiIbKiCTh ACiHTEpKaIbOBAHOTO JiTif0 CTaHOBUTH 0,24
ta 0,22 Li/dp.o. ma Yp4Dy,6Ge; ta Y36Sm;,Ges, BigmosinHo. BuxopucranHs
CJNIEKTPOXIMIYHOI IHTEpKANSIIi JITIF0 € MIKaBUM TMPHUKIAJHAM AaclleKTOM CTOCOBHO
IBTEPHATHBHOI'O METOAY OJICpXKAaHHS IHTEPMETANIYHMAX CIIONYK, MOIU]IKali MOBEpXOHb
gu amopdizarii MaTepianiB A Katanmizy. Taki MmpoIecH € JOCHTh CXOXi J0 IPOIEciB
JIECTPYKTUBHOI'O  TiIpyBaHHS-peKOMOiHalii, 110 BHKOPHCTOBYIOTH JJIs OTPUMaHHS
MAarHiTHUX HAHOMaTepiaiB.

S. Hoasika
Asrtopu 3. Ulnmupka, B. Kopman, I'. Imutpis, B. IlaBmtox BasuHi 32 (iHaHCOBY
mixrpumky Simons Foundation (SFI-PD-Ukraine-00014574).

1. Bodak O. I, Shpyrka Z. M., Mokra I. R. Peculiarities of the interaction of the
components in the systems of two rare earth metals and germanium // J. Alloys Comp.
1997. Vol. 247. P. 217-222. DOI: https://doi.org/10.1016/S0925-8388(96)02589-3.


https://doi.org/10.1016/S0925-8388(96)02589-3

92

3. Wnupka, A. Kpaciubka, B. KopaaH, H. lepmaHn 1a iH.
ISSN 2078-5615. BicHuk JIbBiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2025. Bunyck 66

10.

11.

12.

13.

14.

15.

16.

17.

18.

Shpyrka Z., Kluziak K., Rozdzyrska-Kietbik B., Stetskiv A., Pavlyuk V. The isothermal
section of the phase diagram of Sm-Dy-Ge ternary system at 873 K // J. Phase
Equilib. Diff. 2018. Vol. 39, Iss. 6. P. 750-765.

DOI: https://doi.org/10.1007/s11669-018-0665-9.

Staskevych Z. S., Goryn A. M., Shpyrka Z. M. The investigation of the physical
properties of alloys of the ternary Y-Dy-Ge system // Coll. Abst. X Ukr. Sci. conf.
Students and graduate students “Chemical Karazin readings — 2018”. 2018. P.53
(in Ukrainian).

Shpyrk aZ., Staskevych Z., German N., Horyn A., Pavlyuk V., Gladyshevskii R. The
system Y-Dy-Ge at 870 K // Book Abs. XX Int. Sem. Phys. Chem. Solids (June 10—
13, 2018. Czestochowa, Poland, 2018. P. 77.

Melnyk T., Shpyrka Z. The investigation of the solid Gd—Tm-Ge system at 870 K //
Visnyk Lviv Univ. Ser. Chem. 2011. Vol. 52. P. 3-13 (in Ukrainian).

Guk N., Shpyrka Z., Starodub P. The investigation of the Er—Tm-Ge system in the
0,5-1,0 at. part. of Ge region // Visnyk Lviv Univ. Ser. Chem. 2009. Vol. 50.
P. 18-27 (in Ukrainian).

Shpyrka Z., Drab L. The investigation of the solid solutions DyGe,—RGe,, R-Y, Gd,
Tb, Ho, Er, Tm and Lu at 600 °C // Visnyk Lviv Univ. Ser. Chem. 2008.
Vol. 49. P. 98-102 (in Ukrainian).

Shpyrka Z., Cheh Yu., Yuziv O., German N., Pavlyuk V. X-ray investigation of alloys
on the cross sections RGe,—LuGe, (R — Pr, Nd) and SmGe,—R'Ge, (R’ — Gd, Th, Ho,
Er, Tm) // Visnyk Lviv Univ. Ser. Chem. 2019. Vol. 60. P. 64-72.
DOI: https://doi.org/10.30970/vch.6001.064 (in Ukrainian).

Z. Shpyrka, N. German. Phase equlibria in the quasibinary sections GdGe,—RGe,
(R=Ho, Lu) // Coll. Abst. XVIII Int. Sem. Phys. And Chem. of Solids. 2012. P. 54.
Shpyrka Z., German N., Pavlyuk V. The investigation of the GdGe,—LuGe, systemat
870 K // Visnyk Lviv Univ, Ser. Khim. 2014. Vol. 55. P. 3746 (in Ukrainian).
Vorotnyak V., Shpyrka Z., German N. The quasibinary sections GdGe,-HoGe, at
870 K // Visnyk Lviv Univ. Ser. Chem. 2013. Vol. 54. P. 45-51 (in Ukrainian).
Kravchuk O., Shpyrka Z., German N., Pavlyuk V. The investigation of the quazibinary
crosssection SmGe,—LuGe, // Visnyk Lviv Univ. Ser. Chem. 2018. Vol. 59, Iss. 1.
P. 83-89. DOI: https://doi.org/10.30970/vch.5901.083 (in Ukrainian).

Besenhard J. O. Handbook of battery materials. Wiley—VCH, Weinheim. 1999.
Vincent C. A., Scrosati B. Modern batteries an introduction to electrochemical power
sources: 2nd edn. Arnold. London, 1997.

Stetskiv A., Kordan V., Tarasiuk I. et al. Structural peculiarities and electrochemical
properties of RsM3 (R = La, Gd; M = Ge, Sn) doped by lithium // Chem. Met. Alloys.
2014. Vol. 7. P. 106-111.

Balinska A., Kordan V., Misztal R., Pavlyuk V. Electrochemical and thermal insertion
of lithium and magnesium into ZrsSns // J. Solid State Electrochem. 2015. Vol. 19(8).
P. 2481-2490. DOI: https://doi.org/10.1007/s10008-015-2895-7.

Stetskiv A., Kordan V., Kowalczyk G., RoZyriska-Kielbik B. Electrochemical lithiation
and magnesiation of RsSnz (R = Y, Gd) alloys // Coll. Abstr. XV Scientific
Conference “Lviv chemical reading—2015”. Lviv, 2015. P. 233 (in Ukrainian).

Kordan V., Zelinska O., Pavlyuk V. Electrochemical lithiation of ZrsSnzand ZrsNiSns.
«Mgy phases // Coll. Abstr. XV Ukrainian Scientific Conference “Lviv chemical
reading—2015”. Lviv, 2015. P. 225 (in Ukrainian).


https://doi.org/10.1007/s11669-018-0665-9
https://doi.org/10.30970/vch.6001.064
https://doi.org/10.30970/vch.5901.083
https://doi.org/10.1007/s10008-015-2895-7

3. Wnmpka, A. Kpaciubka, B. KopaaH, H. F'epmaH Ta iH.
ISSN 2078-5615. BicHuk JlbiBCbkOro yHiBepcuteTy. Cepis ximiyHa. 2025. Bunyck 66 93

19. Kowalczyk G., Kordan V., Stetskiv A., Pavlyuk V. Lithiation and magnesiation of
RsSn; (R = Y and Gd) alloys // Intermetallics. 2016. Vol. 70. P. 53-60.
DOI: https://doi.org/10.1016/j.intermet.2015.12.004.

20. Kraus W., Nolze G. PowderCellfor Windows. Berlin, 1999.

21. Akselrud L., Grin Yu. WinCSD: software package for crystallographical calculations
(Version 4) /I J. Appl. Crystallogr. 2014. Vol. 47. P. 803-805.
DOI: https://doi.org/10.1107/S1600576714001058.

22. http://chem.Inu.edu.ua/mtech/mtech.htm

ELECTROCHEMICAL LITHIATION
OF THE Y;4Dy,Ge; AND Y5.,Sm,Ge; PHASES

Z. Shpyrka’, A. Krasitska, V. Kordan, N. German, G. Dmytriv, V. Pavlyuk

Ivan Franko National University of Lviv,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: zinoviya.shpyrka@Inu.edu.ua

The phases Y5, Dy,Ges (Y24Dy,Ges) and Ys,Sm,Gez (Y36Sm;4Ges) with MnsSis-type of
structure were investigated by X-ray powder diffraction, scanning electron microscopy, energy
dispersive X-ray spectroscopy as anode materials for Li-ion battery prototype. The ingot samples
(Y30Dys25Ges7.5 and Y,40Smy, sGesr ) of alloys were synthesized by arc-melting of pure components
under purified argon atmosphere with the further annealing of the alloys at 600 °C for 720 h in
evacuated silica tubes. Electrochemical lithiation of the phases were carried out in the two-electrode
“Swagelok-cell” prototype of the batteries. As cathode (during of discharging) we used powder of
rhombohedral LiCoO, (structure type a-NaFeO,). An electrolyte for battery consisted of 1 MLi[PFg]
solution in themixture of aprotic solvents. The process of lithiation consists of two stages: inclusion of
Li-atoms in the vacant octahedral voids (2b) of structure and further partial substitution of Sn-atoms
by lithium. After electrochemical insertion of Li we obtained the solid solutions
LixsyY24Dy, 6Ges.,and LixsyY365my 4Ges,y with increased unit cell parameters:
a=8.4430(3)—8.4322(3) A, c = 6.3418(3)—6.3450(3) A, V = 391.50—391.71 A (for Dy-containing
electrode) and a = 8.4586(1)—8.4690(6) A, ¢ = 6.3405(2)—6.351(1) A, V = 392.99—395 A® (for
Sm-containing electrode). During of the Li-insertion in the octahedral voids, the MnsSis-type
structure is transformed into the superstructure of HfsCuSns-type. Electrodes based on the
Y,4DY,6Ge; and Y3¢Sm; 4Ge; during discharge showed 0.24 and 0.22 Li per formula unit,
accordingly. The value of electrochemically active lithium content correlates well with the results of
electrochemical measurements of Sn-containing phases with MnsSiz-type structure. Electrochemical
processes lead to the expansion of the profile of diffraction peaks on X-ray powder patterns, grinding
and amorphization of grains and the change the morphology of the surface. The composition of the
grains after lithiation practically did not change, with the exception of a slight decrease in the
germanium content up to 1.9-2.6 at. %, that explains the processes of partial replacement of
germanium atoms by lithium.

Keywords: intermetallic compound, solid solutions, electrochemical lithiation, Li-ion
batteries.
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