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Meronamu peHTTreHO(}A30BOTO Ta MIKPOCTPYKTYPHOTO aHANI3iB IOCII/PKCHO B3a€EMOJII0
kommoHeHTiB y cucteMi Ce—Co—Sn Ta moOyaoBaHo aiarpamy (a3oBUX piBHOBAr 3a temmeparypu 770
K B moBHOMY KOHIEHTpauiiiHOMy iHTepBami. 3a TemmepaTypH mociimpkeHHs B cucteMi Ce—Co—Sn
YTBOPIOIOThCSI 4OTUPH TepHapHi cronyku: Cej7C0s45Sny5, (cTpykrypHuit THn Dy;17C057Sny,),
Ce;Co,Sns (crpykrypauit T LaysCo,Sns), CeCoq ,Sn, (ctpykrypruit Tun CeNiSiy) i Ce;CosSnys
(ctpykTypHuit THIT Y bgRhgSnye).

Kniouosi  cnosa: motpiiiHa cucrema, (a3oBi pIBHOBAard, peHTTeHO(a30BUil aHami3,
PEHTTeHOCHEKTPaIbHUI aHalli3, CTaHiIH.
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[HTEepMeTaNTioqu 1Epito 1 d-CIEMEHTIB YHACHIJOK CHJIBHOI CJICKTPOHHOI KOpPEJAIil
NPOSBISIFOTE aHOMaJIBHI (Di3WYHI BIACTHUBOCTI — NPOMDKHY BalleHTHiCTh, KoHpo-edexT,
CHIBICHYBaHHSI Ba)XKO(EpMIOHHOTO CTaHy 1 MarHiTHOrO BHODsAKYyBaHHs. sl TepHApHUX
cranifgiB CeNisSn, Ce;NipSn;, CesAgSn; i CesAuSn; [1-3] BracTHBHUBHI cTaH MPOMIXKHOT
BaJIGHTHOCTI. JOCI/DKCHHST MarHiTHUX Ta €JICKTPHYHHX BiacTuBocteidl croiyk CeNiSn,
Ce;NiySn, CeCu,Sn,, CeNiySn, i Ce;CosSny; 3acBiguwumm, mo i cramign € Konjgo-
cucreMamu [4-7]. B3aemojil0o KOMIIOHEHTIB y moTpiitHux cucremax Ce—M-Sn (M-d-
€JIEMEHT) BHUBYEHO MNOBHOIO Mipoto misi M = Mn, Ni, Cu, Ag i Au [2, 3, 8-10]. IIpo
nmociimxerHs cucreMu Ce—Co—Sn nipu 770 K (0-50 at. % Sn) 1 670 K (Bumme 50 at. % Sn)
i yrBopeHHsa m’ath TepHapHuX cronyk (CeqCogSnys, CeCoy,Sny,, ~Ce;pCo3sSn;s,
~Ce,Co3Sn; 1 ~CeypCo33Snyy) Himethes y mpati [1], mpote miarpamy (a30BHX piBHOBAr He
HaBezieHo. Ilin wac momambmux pociimkedb aist craHigiB Ce i Co 3HaiizieHO JBI HOBI
cnonyku — CesCo,Sns 31 crpykryporo tuny LasCo,Sns i Ce;17C0s4 550115, 31 CTPYKTYpOrO
tuny Dy;17Cos,Geyp [11, 12]. Bepyuun 1o yBaru HaBeleHi AaHi i BiACYTHICTh pe3yJbTaTiB
CTOCOBHO aiarpaMu ()a30BHX pIBHOBAr, y Il Mpaii MOKa3aHO pe3yJIbTaTH BUBUCHHS
B3aemoiii komrnoHeHTiB y cuctemi Ce—Co—Sn npu 770 K.

3pa3ku sl JOCIHIPKEHHS BUIOTOBIISUIM METOJIOM EJIEKTPOJYTOBOrO ILJIaBJICHHS
IINXTH BUXiTHUX KOMIIOHEHTIB (BMICT OCHOBHOTO KOMITOHEHTa He MeHme 99,9 mac. %) 3
HaCTYITHIM T'OMOT'€HI3YIOUHM BiJasitoBaHHAM 3a Temrieparypu 770 K ynponosx 1 440 rox.

© Powmaka JI., Konnk M., Pomaka B. Ta iu., 2018
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Jis kpaioi romoreHi3aitii 3pa3ku 3a Bucokoro Bmicty Co BinnmamoBaiu npu 870 K
yrnponosx 720 rox 3 mojanmblikM BianamoBanHsM npu 770 K ympomosxk 720 ron.
PentrenodasoBuii aHaniz NPOBOAWIM 3 BUKOpUCTaHHAM audpaktomerpa JPOH-2.0m
(FeK,-BUTIpOMiHIOBaHHS). Ckrnan ¢a3 KOHTPOJIIOBAIN 3a JIOTIOMOTOF0
PEHTIEHOCTIEKTPAILHOTO aHanizy (enekrpoHHui Mikpockon Carl Zeiss DSM 962). lns
00YHCIICHHS TEePioiB IPATKH BUKOPHUCTOBYBAIN KoMIUIeKe mporpam WinCSD [13].

Jis yTOyHEHHS 1 TepeBipKH JIiTepaTypHHX IaHWX Ta Ui BHUBYCHHA (Da30BHX
piaoBar cucremu Ce—Co—Sn BuroroBieno 47 mnortpiiHMX 1 18 mHOABIHHHMX CIUIaBIB.
KoHTpons crmmaBiB mmicis Bigmaimy MPOBOJMBCS METOAAMH PEHTTEHIBCHKOTO (pa3oBOTO i
MIKpPOCTPYKTYPHOTO aHali3iB.

3 METOI0 MEepeBIpKH JIITEPaTypHUX BIJOMOCTEH NPO CIIONYKH MOIBIHHHWX CHCTEM
Ce—Co, Co—Sn i Ce—Sn BHTOTOBIICHO CIUIaBH, CKJIAAHW SKHUX BiAMOBIAIOTH OMUCAHUM Yy
miteparypi OiHapHM crnomykam [1, 14, 15]. B cuctemax Ce—Co i Ce—Sn migTBepmKeHO
iCHyBaHHs yCiX OiHapHHX CIIOJYK 3TiIHO 3 JIITepaTypHUMH AaHUMHU. 3a TeMIeparypu
BigmamoBanas 770 K y cumeremi Co—Sn miaTrBepmkeHo icHyBaHHA crnomryk CoSn
(crpykrypuuit Tan (CT) CoSn) i CoSn, (CT CuAly), ans cnoayku Cos;Sn, 3a ymoB
JIOCIIJDKEHHST pealizyeTbCsi BUCOKOTEMIIepaTypHa MoAu(dikalis 31 CTPYKTYypoI THITY
Co,75Ge [14, 16]. ITomiTHOI PO3UMHHOCTI TPETHOTO KOMIIOHEHTa B OIHApHHUX CIIOIyKax 3a
YMOB JIOCIIJDKEHHsSI HE TNpOCTeKyeTbesi. KpucranmorpadiuHi XapakTepUCTHKH OiHapHHX
cnonyk cucteM Ce—Co, Co—Sn i Ce—Sn HaBeneHno B Tadin. 1. Po3paxoBani mepiony rparku
JUTSL OKPEMHX OIHAPHUX CIIONYK Y3TOJUKYIOTHCS 3 JTITepaTypHUMH JaHUMH.

Hiarpamy ¢a3zoBux piBHOBar cucreMu Ce—Co—Sn mpu 770 K moxazano Ha puc. 1.
@dazoBuil CKJIaZA OKPEeMHX CIUIaBiB 3a pE3yAbTaTaMH PEHTTCHOCIICKTPAIBLHOTO aHaJi3y
HaBe/ICHO B Ta0I. 2, a MIKPOCTPYKTYPH OKPEMHX CILIaBiB — Ha puC. 2.

Sn 1 CCH-;COH_:;S”]ISJ

2. Ce,Co,Sn;
3. CeCo,_Sn,
4. CeyCo,Sn

Co A Ce,Co,, / éCCCD; (:'C(:.2 Ce
Ce;Coyy Ce,Coy

Puc. 1. iarpama ¢azosux piBHoBar cuctemMu Ce—Co—Sn mpu 770 K
Fig. 1. Phase diagram of the Ce—Co—Sn system at 770 K
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Tabauys 1

Kpucranorpagiuni xapakrepuctuku OiHapaux croiyk cucreM Ce—Sn, Ce—Co i Co—Sn
Table 1

Crystallographic characteristics of binary compounds in Ce—Sn, Ce—Co
and Co—Sn systems

Croonyka Cumson [lipcona, [Tepioau rpaTku, HM Jliteparypa
CTPYKTYpHHI THIT a | b | c

“CeSn; cP4, Cu;Au 0,4712(2)

CeSn; cP4, Cu;Au 0,47255 [17]

Ce;,Sn; 0528, Ce,Sn; 0,45915 3,52703 0,46498 [17]

Ce;Sn; 0520, Ce;Sn, 0,45331 2,58335 0,46238 [17]

“Ce;Sns 0S32, Pu;Pd; 1,0243(8) 0,8198(7) 1,0565(8)

Ce;Sns 0S32, Pu;Pd; 1,02485 0,83003 1,05690 [17]

Ce1Sny tI84, Ho;;Gey 1,220 1,790 [15]

CesSny oP36, SmsGe, 0,8400 1,6004 0,8472 [17]

“CesSn, hP16, Mn;Si; 0,9312(3) 0,6829(3)

CesSny hP16, Mn;Si; 0,93160 0,68330 [17]

Ce;Sn cP24, CuzAu 0,49479 [17]

*CeyCoyg hP38, Th,Ni;; 0,8365(3) 0,8128(5)

Ce,Coyy hP38, Th,Ni;; 0,8378 0,8148 [18]

CesCoyy hR72, CesCoyy 0,4954 4,8718 [19]

Ce,Coy hP36, Ce,Ni; 0,498 2,452 [19]

*CeCo; hR36, PuNi; 0,4941(3) 2,4599(6)

CeCos hR36, PuNi; 0,4955 2,427 [19]

*CeCo, cF24, MgCu, 0,7158(3)

CeCo, cF24, MgCu, 0,7168 [19]

*Co3Sn, hP6, Co, 75Ge 0,4080(3) 0,5206(6)

Co;Sm, hP6, Co, 75Ge 0,4097 0,5216 [20]

*CoSn hP6, CoSn 0,5276(2) 0,4264(3)

CoSn hP6, CoSn 0,52790 0,42597 [21]

"CoSn, tI12, CuAl, 0,6369(4) 0,5458(3)

CoSn, tI12, CuAl, 0,636 0,545 [22]

* . .
Jlani aBTOpIB.

3a pe3ynpraTamMu PeHTIeHO()A30BOr0 Ta PEHTTCHOCIEKTPAILHOTO aHAJI3IB Y CUCTEMI
Ce—Co—-Sn 3a Temneparypu 770 K mninTBep/ukeHO IiCHYBaHHS YOTHPBOX paHilie
Jociipkenux cronyk [1, 7, 11, 12], kpucranorpadiyti XapakTepUCTHKH SIKMX HaBEJEHO B
Tabn. 3. Po3paxoBaHi mepiogw TIPaTKH TEpHAPHUX CIIONYK, MIATBEPKEHUX I Yac
JTOCITIDKCHHSI, KOPETIOIOTh 3 JIITEPATYPHUMU TaHHUMHU.

Ilin wac mocmimkenHs cuctemun Ce—Co—Sn icCHyBaHHS TEpPHAPHHUX CIOJYK 3i
ckragamu ~CeyyCo3Sny,, ~Ce30Co;355n35 1 ~CeyCo3Sn3, mpo siki Hnmiocs y mpari [1], He
miATBep/KEeHO. 3rilHO 3 PeHTreHO(a30BUM Ta PEHTTEHOCIEKTPAILHIM aHAI3aMU 3pa30K
Ce4Co33Sny, Mictuth y piBHOBa3i aBi Oinapui cmonyku CesSng i CeCo; (Tabm. 2).
Pertrenodazosuii anami3z 3paszka CeynCo30Sn;y 3acBiq4MB, IO BiH MICTUTH TpH (pa3u —
ocHoBHY a3y Ce;17C0s455n,15, y piBHOBa3i 3 OiHapHuUMH cnomykamu CesSny 1 CeCos,
3pa3ok CesyCo35Sn;s MicTuth TepHapHy crnonyky Ce,Co,Sns i 6iHapHy dasy Ce,Coys.

Pentrenodasowmii i MmeTaorpadigyHuil aHaIi3u 3pa3KiB B 001aCTi BUCOKOTO BMICTY
CTaHYMy miaTBepauiau yTBopeHHs craHinmy CeCo,.,Sn, 3i ctpyktyporo tumy CeNiSi,. Ha
BIIMIHY BiJ [aHWX, HaBeJeHUX y mpami [1], 3a TemmepaTypu HOCTIIKEHHS CIIOJyKa
XapaKTepU3yEThCs HEBEJIUKOIO 00JIaCTIO TOMOI€HHOCTI, oOMeskeHoo ckiaagamu CeCog 565N,
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(a = 0,4565(1), b = 1,6990(6), ¢ = 0,44889(3) M) i CeCoy33Sn, (a = 0,4556(4),
b =1,6966(9), c = 0,4488(4) um). Obmacts TomorerHocTi conayku CeCo;_Sn, HE BKIIOUAE
crexiomerpuunuil ckian “CeCoSn,”, 3pa3ok CeysCoysSnsy MicTuTh 181 asu — CeCoyp s65n,
i Co. Mexi o6macti romorenHocti cmomykun CeCoy,Sn, TiITBEpIKEHO JTaHUMH
PEHTTCHOCTIEKTPAIFHOTO aHami3y (Tadu. 2).

Tabauys 2
®dazosuii cknan i pesyasratu EJJPC anamizy okpemux 3paskis cuctemu Ce—Co—Sn
Table 2
Phase composition and EPMA data of selected alloys in Ce—Co—Sn system
daza/Bmict Ce, at. % Co, ar. % Sn, aT. %
KOMIIOHEHTa
1. CelSCO(,SSnzO
Ce4Co,Sn5 36,05 20,48 43,47
Co 99,89
2. Ce40CO3gSIl22
CesSny 55,23 44,77
CeCos 23,88 76,12
3. Ce35C035Sn30
Ce17C0s4.55n) 38,80 20,71 40,49
CeCos 23,5 76,50
4. C620C04osn40
CeCo,.,Sn, 28,26 15,36 56,38
97,85
5. Ce34C017Sn49
Ce4Co,Sn;5 34,98 17,49 47,53
CeCoy.,Sn, 27,78 15,54 56,68
6. C€40C01()Sn50
CeCo,.,Sn, 27,03 15,13 57,84
Ce4Co,Sn; 36,11 20,32 43,57
Ce”Snlo 51,98 48,02
7. C€23C024Sn53
CeCo,.,Sn, 26,81 15,78 57,41
Co;Sn, 43,37 56,63
Co 99,91
8. C€33C01()Sn57
CeCo,.,Sn, 29,17 9,65 61,18
Ce”Snlo 53,03 46,97
9. CngCOgSH&
CeCo;.,Sn, 27,67 10,03 62,30
CesSn, 28,78 71,22
10. C623C0208n57
CeCo,.,Sn, 26,91 14,08 59,01
CoSn 47,85 52,15
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Puc. 2. Mikpoctpykrypu ciuiaBis cuctemu Ce—Co—Sn mpu 770 K: @) Ce;5Cog5Sny (cipa daza —
Ce,;Co,Sns; gopHa daza — Co); 6) CeyoCoy¢Sns, (Temuo-cipa daza — CeCo,_,Sn,; cBiTia paza —
Ce,Co,Sns; cBiTio-cipa daza — Ce;Snyg); 6) CeyoCo35Sn,; (cipa dpasza — CesSny; cBitia daza —

CeCo3); 2) Ces3Co10Sns; (cipa dasza — CeCoy_Sny; cBitia daza — Ce ;Snyg)
Fig. 2. Electron micrographs of the Ce—Co—Sn alloys at 770 K: a) Ce;5Cogs5Sn,, (grey phase —
Ce,;Co,S8ns; black phase — Co); 6) CeygCoyoSnsg (dark grey phase — CeCo,_,Sny; light phase —
Ce,Co,Sns; light grey phase — Ce;1Snjg); 8) CeygCo33Sny, (grey phase — CesSny; light phase —
CeCo;); 2) Ces3Co10Sns; (grey phase — CeCoy.Sny; light phase — Ce;Sng)

Tabnuys 3
Kpucranorpadiyuni xapakTepuCTHKH TepHapHUX crioiyk cucteMu Ce—Co—Sn
Table 3
Crystallographic characteristics of ternary compounds in Ce—Co—Sn system
Cronyka Crpyktypuuit | IIpocro- Tlepioaum rpatku, HM Jlir.
THIT poBa
a b c
rpyna
Ce17Cos455n115,  ThysFesy,Geyyy Fm-3m 3,1072(6)
Ce“7C054_5Sn115_2 Tb117F652Ge“2 Fm-3m 3,09826 [12]
Ce4Co,Sn; La,Co,Sn; 12/m 1,0973(4)  0,4557(3) 1,1301(5)
£=101,1(1)
Ce4Co,Sn; La,Co,Sn; 12/m 1,0971 0,4553 1,1298 [11]
£=101,02
CeCoy_,Sn, CeNiSi, Cmcem 0,4565(1) 1,6990(6) 0,44889(2)
(x=0,44-0,67) -0,4556(4) —1,6966(9) —0,4488(4)
CeCoy33Sn, CeNiSi, Cmcem 0,4560 1,697 0,4478 [1]
CC3C04SI‘113 Yb3Rh4Sl‘ll3 Pm3n 0,95935(4)
CC3C04SI‘113 Yb3Rh4Sl‘ll3 Pm3n 0,9598 [7]
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OTxe, oJepiKaHI pe3ylbTaTH IOCTI/KCHHS B3a€MOJi KOMIIOHCHTIB y CHCTEMIi
Ce—Co—Sn mpu 770 K migrBepmkyroTs faHi [1] 11040 YTBOpEHHS TEpPHApHHUX CIIOIYK
CecCogSnye, CeCo;.,Sny, a TakoX 3acBIAYYIOTH BIACYTHICTh CHOJYK 3a CKIaIiB
~Ce30C0o355n35, ~CeyCo3Sn; 1 ~CeygCo33Sny,. Xapaktep ¢(a3oBux piBHOBAr, CKIam i
CTPYKTYpPHI THIIH CHOJNYK, IO peami3yioTscs B cuctemi Ce—Co—Sn, 3acBim4yIoTh i IEBHY
BIIMIHHICTh BiJ{ IHIIMX JocHipkeHuXx cucteM R—-Co—Sn 3  pigKiCHO3EMEITbHUMU
enemenTamMu miarpymnu mepito (R = Nd, Sm) [23, 24]. V cuctemi Ce—Co—Sn yTBOPIOIOTECS
YOTHPU TEPHAPHI CIIOIYKH, TOAL SIK y cucteMax 3 Nd 1 Sm — 1o ciM TepHapHHX CIIONYK, a
crpykrypranii timn Ce,Co,Sns xapaktepHuil Tinmeku s ctainiB Ce i La. OcobmuBicTh
B3aeMoiii KoMnoHeHTiB y cucreMi Ce—Co—Sn mposBIS€THCSA 1 B TOMY, IO BCi TEpPHApHI
CIIOJIyKH B CUCTEMI YTBOPIOIOTHCS 3a CKIAZiB 3 BMicTOM ctaHyMy 40 at. % i Oinblre.
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The phase diagram of Ce—Co—Sn ternary system has been constructed at 770 K over the

whole concentration range using X-ray diffraction and metallographic analysis.Study samples have
been prepared by direct arc melting of the stoichiometric amounts of constituent elements under high
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purity Ti-gettered argon atmosphere on a water-cooled copper hearth. The as-cast buttons were then
annealed at 770 K in evacuated quartz glass tubes for 8 weeks followed by quenching in cold water.
The samples with high Co content were annealed at 870 K for 4 weeks and at 770 K for 4 weeks. The
synthesized and annealed samples were stable in atmospheric conditions. X-ray powder diffraction on
DRON-2.0M diffractometer with Fe Ko radiation was performed for characterization of the annealed
samples. Chemical and phase compositions of the obtained samples have been examined by Scanning
Electron Microscopy (SEM) using Carl Zeiss DSM 962 electron microscope. In Ce—Co and Ce—Sn
systems, formation of all the binaries mentioned in literature has been confirmed. In Co—Sn system
the presence of CoSn (CoSn-type) and CoSn, (CuAl,-type) compounds has been confirmed, however
at 770 K Co;Sn, binary compound was realized in high-temperature modification with Co, 75Ge
structure type. At the temperature of studythe interaction of elements in Ce—Co—Sn system results in
formation of four ternary compounds: Ce;17C0s455n;115, (Dy;17C0s7Sn;,-type), CeqCo,Sns
(LasCo,Sns-type), CeCoy_,Sn, (CeNiSip-type), and Ce;CoySn; (YbgRhgSnye-type).According to X-ray
phase analysis and EPMA data the CeCo,.,Sn, compound at 770 K is characterized by small
homogeneity region limited by CeCogs¢Sn, (@ = 0.4565(1), b = 1.6990(6), ¢ = 0.44889(3) nm) and
CeCog 3351, (a = 0.4556(4), b = 1.6966(9), ¢ = 0.4488(4) nm) compositions, while the stoichiometric
“CeCoSn,” composition is not included in this concentration range. The formation of ternary
compounds ~CeyyCo35S15,, ~Ce;3yC0355n;5 and ~Ce,Co;Sn; identified earlier as new ternary phases
has not been confirmed at annealing temperature. Performed X-ray analysis indicated that the samples
correspond to two- or three-phase fields at 770 K. No solid solution ranges for the binary compounds in
this system have been observed at the temperature studied. The peculiarity of component interaction in
Ce-Co-Sn system is demonstrated by composition of all ternary compounds formed with Sn content
higher than 40 at. %.

Keywords: ternary systems, phase equilibria, X-ray diffraction, stannides.
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