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Figure 1 (Color online) Experimental setup diagram for chemical
vapor deposition.
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Figure 2 XRD spectra of WTe, nanobelts.
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Bl 3 WTe, 29K HEDSE
Figure 3 EDS pattern of WTe, nanobelts.
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Figure 4 SEM image of WTe, nanobelts.
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Figure 5 TEM image, SAED image and HRTEM image of WTe, nanobelts.

F BT TR dnA% 25 20, He A TH A1 #E90.701 nm, 5 WTe,
Fr1(002) fy T [ FEARW) & . fEHRTEM FE A 8 4 W 52
B8 n 2 A7 AL EE R A R, BT BT A5 IR
HA R = R

2.2 FRGHER

WTe KA BEFI I AE KRR B 44, S5UAT &
R IBL0,— T, FA TN LA ST I b R B LR
WE6HTR. iR NS Te WO, & A4k 2 2 S A
W Te, A1 7%. B 5 W Te, Bl i &0 ) R sinis, i
J& B DU TE i i I DL BROK W Te, 40 K 75 B 1.
S SR DR A R S 1 A2 KL — B VLS Rl
VSHIRRAE KM, VLSAE KA A BRE i 75 E AR AL,
H &2 Prmornas. i 2% W Te 48K 5 T70m AT 7N
I, L SB0 AR R A e AT AT e e AR, DR R
FIHEMIW Te, IO AL HI A VS AE KALH]. 72 InFFE S
SAETR, LR S AW Te, B SR % B R UiE, 7ESi
Wb B RS B VS A, BT RS A
YRR E AN AR, IR Y 5 R P S B AR .
WTe, BRI BIAEKAZ F2 f5, @idy i &%, AR
B, — BT, SAIWTe, 2 R A= R BBk, A
SEIG W Te, /& W 5 — dh A KON IE 5 15 3N 5 HE
TE BRI —4E (R ghoK G540, PR 12 it T () 3R THT AR,
e TR IZ T 1A B MR, AR, B SEMATEMAM
5%, PONARNAK:, WA GURBURL, FATHTH] % 1)
WTe, 44K 5 A s R LN 100%( B Z4E 10 77 ).
AN W Il
2Te+WO,+3H =WTe,+3H 0.

2.3 REMRIAR
T W E BRATTE BT W Te, 40 K i 44 i 14 e AH

e .

'y F

RAETEFIWO #HK g wige

B 6 (MIZRROR )AL 22 SR GURRIR 9 oK A T U LB 1
Figure 6 (Color online) Mechanism diagram of formation of NBs by
CVD.
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Figure 7 (Color online) Temperature dependence of (a) electrical conductivity, (b) Seebeck coefficient, (c) thermal conductivity, (d) power factor, (e)

figure of merit for WTe, nanobelts and powder samples.
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R 1 WTe b AR K A Hd

Table 1 Thermoelectric data of WTe, powder samples

S 300 K 350K 401K 451K 501 K 551K 601 K 651 K
H58%4 (10* S/m) 7.351 7.460 7.642 7.750 7.860 7.945 8.020 8.110
JE VL 5E ZHLS (uV K7 22.5 20 17.5 15 13.75 12.5 11.25 10
HEELWm™ KT 3.6 3.64 3.64 3.64 3.68 3.68 3.68 372
WHEFTPF (100 )W K m™)  3.7215 2.9840 2.3404 1.7438 1.4860 1.2414 1.0150 0.8110
HHRAEZT (107) 3.11 2.86 2.59 2.15 2.02 1.86 1.66 1.42
F 2 WTe QKA FE i B AR
Table 2 Thermoelectric data of WTe, nanobelts samples
2 300 K 350K 401 K 451K 501 K 551K 601 K 651 K
B 5 %0 (10* S/m) 8.652 8.853 9.035 9.158 9.270 9.393 9.410 9.550
FEN T RES (wv K 90 85 71.5 75 725 70 67.5 65
WEEL (WmT KT 3.2 3.24 3.24 3.28 3.28 3.34 3.34 3.34
EFEFPF (10° pyW K m™)  7.0081 6.3963 5.4266 5.1514 4.8725 4.6026 4.2874 4.0349
WERAEZT (1077 6.60 6.95 6.72 7.05 7.44 7.64 7.7 7.91
FT 3 WTe b ARE 5 105 FE S #inis B4
Table 3 Density and thermal transport data of WTe, powder samples
ZH 300 K 349 K 400 K 449 K 500 K 550 K 600 K 651K
BB (g/em’) 9.26 9.25 9.24 9.23 9.22 9.21 9.20 9.19
WA FE B (mm7/s) 2.16 2.19 2.19 2.19 2.1 2.1 2.1 2.13
H#C, (kg KT 0.18 0.18 0.18 0.18 0.19 0.19 0.19 0.19
WEHEWmT K™ 3.6 3.64 3.64 3.64 3.68 3.68 3.68 3.72
F 4 WTe,AKAHE i 1% B e FAiania SR
Table 4 Density and thermal transport data of WTe, nanobelts samples
ZH 300 K 350K 401 K 451K 501 K 551K 601 K 652K
BB (g/em’) 9.28 9.27 9.26 9.25 9.24 9.23 9.22 9.20
I B FR o (mms) 1.92 1.96 1.96 1.96 1.87 1.9 1.9 1.88
H#gEC, Tkg ' KT 0.18 0.18 0.18 0.18 0.19 0.19 0.19 0.19
WERLEWm™ K 3.2 3.24 3.24 3.28 3.28 3.34 3.34 3.34

G, XA SEATLRTICels 24Bi,0s 40 K A —
R PR RE R BN SRR 3 28 A
3.64Wm 'K

K7 (d) R ST A5 R i A Th 26 IR 7 Bl L R AR AL F
2R, M HRAT DU, RRE 5 00 3 2R I8 1 Bt o T
(T v TR T PR AR, ELAE ISR P 4Kty (0 T 2R [

T TR DIZE -, AR PFE 7 5
H7.00x107F13.72x 10 wW K2 m™", AHEL T AR S,
YUK TR R Foem Tifs. 2T LA E s,
BAVEE T PFIRE S ZTE. PPIRE S Z T B i R it
A K 7(e) B, IWEIF AT LLE H, PIAPEE 5L
ZTEBEREA Rtk R as, BEEIRER
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Synthesis and thermoelectric properties of tungsten
telluride nanobelts

ZHOU HongLu, WANG lJiaHao, LOU ShiYun, WANG HongZhe & ZHOU ShaoMin"

Key Laboratory for Special Functional Materials of Ministry of Education, School of Materials, Henan University,
Kaifeng 475004, China

Energy shortage and environmental pollution are getting worse today, researching on renewable energy conversion
technology is necessary to reduce greenhouse gas emissions and improve energy efficiency. Thermoelectric materials are
a class of green, non-polluting energy conversion materials, which jn In will play an important role in the utilization of
industrial waste heat and solar thermal composite power generation, so they have attracted more and more attention. In
this paper, tungsten telluride (WTe,) nanobelts (NBs) were synthesized by chemical vapor deposition (CVD) for study of
their thermoelectric transport properties. Scanning electron microscopy (SEM) and transmission electron microscope
(TEM) respectively confirm that large-scale WTe, NBs grown on Si substrates have high quality belt-like nanostructures.
Selected area electron diffraction (SAED) shows that WTe, NBs have a single crystal phase. The thermoelectric transport
properties of NBs samples after annealing samples are measured at the temperature range from ~300 to ~652 K. The
results proved that the best electrical conductivity is about 9.55% 10* S/m and the maximum Seebeck coefficient is about
90 uv K. Especially, the maximum power factor of the NBs samples after annealing are nearly twice that of the
conventional powders (CPs) samples. The one-dimensional single crystal nanobelt structure has fewer defects, and higher
carrier mobility result in higher conductivity, The CPs samples have more defects, small forbidden band width result in
low excitation energy, the number of carriers generated in the range of unit temperature variation is large, which result in
a low Seebeck coefficient. So WTe, NBs may be suggested as excellent materials for fabrication of thermoelectric
nanodevices with inexpensive and environment friendly.

semiconductor, nanobelt, thermoelectronics
PACS: 61.82.Fk, 61.46.Ww, 74.25.Fy
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