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Abstract: In this study, we investigated the phase formation behavior of the FeSe;-FeTe; system and the
evolution of their thermoelectric transport properties. A series of Fe(Se; . Tey), (x = 0, 0.2, 0.6, 0.8 and 1)
compounds were synthesized by conventional solid-state reaction. Single phase orthorhombic structures were
formed, except for FeSeq 4Te; ¢ (x = 0.2). For FeSe, 4Te; ¢ (x = 0.2), in which a mixture of FeSe, and FeTez-based
phases was observed. The electrical conductivity of FeSe, was as low as 31 S/cm at room temperature, and
greatly increased to 1295 S/cm in FeSe(gTe,s. Then it decreased to 335 S/cm for FeTe,. It was shown that
the bipolar conduction of electrons and holes pronouncedly exists in the sample. For FeSe; and FeTe,, the
Seebeck coefficient was positive at room temperature, becoming negative at high temperatures. For the other
samples, the Seebeck coefficient was negative at room temperature and the magnitude of Seebeck coefficient
increased with temperature. As results, the maximum power factor of 0.19 mW/mK? was observed for
FeSe(sTe; 5 (x = 0.6) at room temperature mostly due to its high electrical conductivity. The maximum power
factor observed at 600 K was 0.34 mW/mK? for FeSe, (x = 0) with the largest Seebeck coefficient of -101 pV/
K. The Hall carrier concentration was measured and compared, and effective masses were calculated to
further investigate electrical transport in the samples.
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ZTE FAN717] fside e E 771 dHs
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ARSI} S7FsE AMAL7E 2asi Ay
7} 7Vl A7IAEE7E 2HAs v EHER Ky
AR AHEE K, o A% SAEE g 2 FAEEH o
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ZAME Holg4 tlZIA o] (Transition Metal
Dichalcogenide, TMDC) 3}3tE-2 Hold 3384 21714
AT HE] st 54 7 @A &REAS] 7SR
o] AFHIL ATt [15-16]. T3 E 71X Holas: 3tE
,LOT j}lﬂi_;(jlo] d OH]FJ— tl:}; f oa]%—o x-]xl,i

ol &=

m'E 7L A= [17], ol TIHE ol o] &
gl 283 & Uk A )l o] FHE=
FALm)H o) F=(wel vl [18,19].
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Fe(Se;«Tey), (x=0, 0.2, 0.6, 0.8, 1) Y& AE5H<l
|58 FAS ot s w2 FHo AeE
34 Y& Fe (99.9%, Kojundo Chemical Laboratory Co.,
Ltd.), Se (99.999%, KRTLab), Te (99.999%, 5N Plus) =
sletefEe] s A+ Edste]l H¥AHE7A 15 mm)el
B FF(~10" torr Etﬂﬂ@t} e AgEE 510°C
A TANZE B 88 - Wbt o3 FHIS AEAE
Sakdieh. aeldA] ZH|Qle]s EY(SPEX 8000D, SPEX)
o AMgsle] ES 9J3re Bure 23319t} (SUS Ball
27: S5mm, 7 870, B AlZE 5E) S 430°C
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55MPa 4] 128 7} 7}44Z (Spark Plasma Sintering:
SPS, SPS-1030, Sumitomo Coal Mining Co., Ltd.)d}>]
2173 11 mm, =°] 11 mme| t2=3 72k H3a L4AE
Azt de] JPEe ¢ AW Wis AF(-107
Torr)S R8I XA 3™ (X-Ray Diffraction: XRD,
D8 Discover, Bruker) 412 53] 434 7% 2 o]
EA| AR5 leket o]F Se-Te x|l g AR
o] WslE AMEsit. 4 aAle] 28-S gjlshr] fls
Scanning electron microscopy (SEM)-energy dispersive
spectroscopy (EDS) &4 3o, dxdd5 A
4] (ZEM-3, Advanced-Riko)E %3l Helium #]7]°
A ZEAE (E&EE AE G 228 mm’)e] AV HER

g AMASE ZHS o3 S48 AASe) A
NAEEE Bl B AT, AEe] 14714 A
Eo

= Jetstr] flal & &3 4 A" (HMS-5500,
Ecopiays o83l Z+ AE & ME ++4: 7x7x0.5 mm)
o] & ¥|Ad (Hall resistivity) 7= 343 H, SAES
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I8 1(a)= Fe(SeiTey), (x=0,0.2,0.6,0.8,1) =2
XRD A Z34E yebdth FeSe, (x=0) 2 FeTe,
(x=1) B=e] A9 APFAA F%2| FeSe, (JCPDS: 01-
079-1892)9} FeTe, (JCPDS: 01-074-0246) 7} ©dgo=
TAE AL Bl o™, Terich Q! FeSepsTe, (x =
0.6) 2@ FeSeypsTe;s (x=0.8)2] XRD ZAdoHE w4}

S XS et} FeSe Teps (x=02)2] 7% FeSe,
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Table 1. Atomic composition measured by electron dispersive
spectroscopy (EDS) of the Fe(Se;(Te,), (x =0, 0.2, 0.6, 0.8 and 1)
samples.

Fe(SeTe,), x=0 x=02 x=06 x=08 x=1
Fe 0.36 0.34 0.36 0.32 0.36
Se 0.64 0.51 0.26 0.12 -
Te - 0.14 0.38 0.45 0.64

9} FeTe, & 7IHEC R 3l= F7HA] o] A EAlstk= A
S 3139t ¥ 1ol SEM-EDSE =A% Fe, Se, Te
o] A& YERlY, 31eEA 2AdudA oy
e e SISt 18 1(b)e XRD AHEFE A%
=z *u%ﬂ a%—, b%—, & AARETE YHERIT x =
APPA F2e e F 7t
B 4/‘] ST FeSell thet A=
7132, FeTedll tieh Az2Pdre Wl 715
Z et BE FolA AWEH o2 FeSe,X .U} FeTe,l|
gk AxpderE 2, ole Tertb Sedth 2 9AWEAS
Zh= Zlel] 711t} WA FeTeoll thet AxPdE A
HE x=1%E x=027H Se ﬂ%l S/HETE EE S
o] ARt AAaskE AS BT ol FeTe2| Te
e Sert AeEHo=m x]%bi% HAk= A4 A
7F ®th oo ® x=03 x=0.2 A9 FeSeol gt
AZPEFE vl ws B a2 3.6089 AolA 3.6169 ACE,
bEC 47411 AolA 4.8165A0 2, =2 5.7707 Aol A
57925 A0 2 F7kek AL ERIT F o o] Ay
FeSeydoll Te] F-go] aHA7F 22 & 4 Ut
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Fig. 1. (a) XRD patterns and (b) calculated lattice parameters a, b and ¢ of Fe(Se;_ Te,), (x=0, 0.2, 0.6, 0.8 and 1). Solid and open symbols
in (b) correspond to lattice parameters of FeSe, and FeTe, phases, respectively.
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Fig. 2. (a) Electrical conductivity o, (b) Seebeck coefficient S and (c) power factor P. F. as a funtion of temperature for the Fe(Se;_ Te,), (x =
0,0.2,0.6,0.8 and 1).

™, FeSeypsTe;, (x=0.6) A=A 1295 S/cme] 7F =
& e YeERtL, FeTe, (x=1) 24904 335S/ecm 2
wolzlth, BE AN 257 STksh A7 IHERTE &
7Fhe REEA]l AsS Btk 29 2(b)e 7 2449 A
WA FE JeERATE FeSe, (x=0) ¥ FeTe, (x=1) BX
de] AATE 300 KollA ko] AuAF ghS Holut
257t FUKg] wel B4 s /1Ho® 29 gow
A3EE FFA A (bipolar conduction) 54 Helth,
FeSe, (x=0) 45 AWAT= =204 83 pv/iK 75|
o 450 K F-2ollA n-type ME=Z W3 =], 600 K of|A]
-101 uV/K 2 SRt} FeTe, (x=1) 7% AWAFE
2F2oll A 53 uV/K F=<Eol™ 500 K F-2ollA n-type W=
2 W3lyo], 600K oA -36 uV/K 2 ozt A7) F
AZo) e AEAETE 0 9 SERZME SExto
ofgt Axfe olga FFo olFo] FHE ol At
g

a8 20 72t AEY] AHAER 9 AWATFERE
22E IEEHE e 2o A = FeSepsTers (x =
0.6) o] 0.19 mW/mK20Z 7P 953 9| HEl2 B
AFnt. 18y A0 F AE AAEEE S sk
o "kl A AGe] 271 A4S 22(600 K)ol A
0.14 mW/mK? FF7k] 7H48kith. wha Aol A 0.020
mW/mK? 202 e 9 ullE] 2HS B9W FeSep4Te; 6
s
=

Oy

(x=0.8) 2L A0 AFE A7} AW A4
A717} A F7¥ek] 600 KoM x=0.6 242 39 E
£ FYsinh 222(600 KellA 7 3k e gEE

ol A& FeSe, (x=0)Z, A= HZko] dojrpr] A
ok 430 K/ = A7 AdEEs S7isked dlksl A9 A4
o] A7} ZHAste] gl HE7F HAshe S Hlo,
n-type AEZ Fgko] o]Foj3l o]F A7|H R}l AHA
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Fig. 3. (a) Hall carrier concentration 7, as a function of x in
Fe(Se; Te,)» (x=0,0.2,0.6, 0.8 and 1) at 300K.

ol =717F A F7keked 600 KollAl 0.34 mW/mK2=
7P =8 dEY S UERTh FeTe, (x=1) 24 &
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function of x of Fe(Se,., Te,), (x =0, 0.2, 0.6, 0.8 and 1) at 300K
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BiyTe; 7IRF GxaA]e] 79 AH 54 Ax=E Hol
A& I8 o™, FeSegsTer, (x=0.6) AZelA 7
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