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Fig. 1. XRD patterns of the (Bi; ,Tb,)s(TeyoSeq1)s (z = 0,
0.002, 0.004, 0.008) HPS samples.
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Table 1.  Lattice constants of (Bi; ,Tb,)s(TeqoSeq1)s (z =
0, 0.002, 0.004, 0.008).

Sample =0 z = 0.002 z = 0.004 z = 0.008
a/A 4.3748 4.38086 4.38205 4.38468
c/A 30.3456 30.34931 30.35013 30.35389
V/A3 502.96 504.41 504.70 505.37
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Fig. 2. FE-SEM of the (Bi; ,Tb,)s(TeyqSey ;)3 HPS sample
(z = 0.004).

3.2 Tb B A=t AR BRI RSN

K345 it T Th oA A 48 2% & (19 & s b 45
(HPS) At 1 SR BEIR S OC 2R . K 3 1]
DL 1) HPS B i A FL 5 8 2 Bl 1L 32 A9 o T
/N, BRI FIEE SRR R HRAT . RIBJRFENY
B S RAE SR T & 60.82 x 103 S/m, fEE Th 45

Z A RGN, B R S KR . Y
ThB &N = = 0.008 B, ki § R F
298 K B EUfS i KAE N 105.99 x 10° S/m. 5T
KABZ4H BiyTe, ;Seq 5 Fedh, HMRIAEIZ) 74%.

120

HPS samples ——z=0
110 —e— x = 0.002
*\ —A— = 0.004

100 A .

90+ ‘\

Electrical conductivity o/10% S-m~1!

80

\.\.

70+ T

ot -\-\"\a\.

50 -

40 1 1 1 1 1
280 320 360 400 440 480

Temperature/K

3 Th Al 52 ik i i e be 45 R A 1 vl 5 3R B R BE 1Y
Ak

Fig. 3. The temperature dependences of electrical conducti-
vities for the HPS samples doped with different Th con-

tents.
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Table 2. Carrier concentrations and mobility of (Bi; ,Tb,),

(Teg9Sey.q)3 samples.

S | Carrier Carrier mobility
amples concentrationn/10* cm 3 u/em?Viglt
2= 0 (HPS) 1.92 197.98
2= 0.002 .
(HPS) 3.95 133.53
z = 0.004
(HPS) 6.51 95.31
z = 0.008
(HPS) 7.17 92.39
z = 0.004
(Annealed) 156 599.34
z = 0.008
(Annealed) L7 9L
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Fig. 4. The temperature dependence of Seebeck coefficient

for the HPS samples doped with different Tb contents.
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Fig. 5. Temperature dependence of power factor for the
HPS samples doped with different Th contents.
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Fig. 6. Temperature dependence of thermal conductivities
for the HPS samples: (a) Th-free sample (z = 0); (b)Tb-
doped sample (z = 0.004).
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Fig. 7. Temperature dependence of the figure of merit ZT
for the Tb-free HPS sample and Tb-doped HPS sample
with z = 0.004.
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Fig. 8. Temperature dependence of electrical conductivity
for the annealed samples doped with different Th contents.
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Microstructure and thermoelectric property of
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Abstract

Nanocrystalline bulk materials n-type (Bi;_,Tb,)s(TeggSeq1)s (z = 0, 0.002, 0.004, 0.008) are fabricated by
high pressure sintering (HPS) technique. The HPS samples are then annealed for 36 h in a vacuum at 633 K.
The phase compositions and crystal structure of HPS sample are analyzed by X-ray diffraction. The microscopic
morphology of HPS sample is observed by field-emission scanning electron microscopy. The electric
conductivity, Seebeck coefficient, and thermal conductivity of the HPS sample and annealed sample are
measured in a temperature range from room temperature to 473 K. The effects of Tb content on crystal
structure and thermoelectric properties of the sample are systematically studied. The results show that HPS
sample consists of nanoparticles. With the increase of content of Tb, the cell volume increases. Besides, the
power factor increases but thermal conductivity decreases through doping Tb, thus the optimal figure of merit
(ZT) value increases. The Tb doping amount of z = 0.004 is an optimal doping amount. At this doping amount,
the maximum ZT of 0.29 is achieved, which is enhanced by 32% compared with the Z7T value of undoped
sample. The thermoelectric performance can be improved significantly by annealing. The thermal conductivity
of the annealed sample with z = 0.004 is 0.9 W-m . K at 373 K, decreased by 23% compared with the thermal
conductivity of HPS sample. Consequently, the ZT value of annealed sample is significantly higher than that of
HPS sample. The maximum thermoelectric ZT of 0.99 is achieved for annealed sample with x =0.004 at 373 K.
Furthermore, it is worthwhile to note that this annealed sample possesses a Z7T value larger than 0.8 when the

temperature is higher than 323 K.

Keywords: high pressure sintering, Th-doped, n-type Bi,Te, 7S¢, 3, thermoelectric properties
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