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The thermoelectric(TE) materials can convert heat directly to
electricity as temperature gradient built up, so it is an important method
to regain waste heat. There are more performance parameters that play a

very important role in a TE module characterization. These parameters

are thermal conductance ( « ), electrical conductivity (¢ ) and the

Seebeck coefficient(S) which combined as follows: ZT = S? / k. The

parameter Z is usually referred to as “figure-0f- merit”. The thermal
conductance (k) of TE materials can be reduced by nano-technic. For
this study , the Bi,TesSe, nanoparticles were fabricated to research the
size effect on the properties of TE materials.

Bi, Tez «Se, nanoparticles were fabricated by electrical discharge
method (EDM). All of Bi,Tes;4Sex nanoparticles were the same phase
with bulk by X-ray diffraction (XRD) patterns. The transmission electron
microscopy (TEM) result shows that most nanoparticle with the average

size below 10 nm. A transient method was used to measure ZT values.

The ZT value of cool-pressed BiZTe2 S€, nanoparticle sample is about
1/10 of bulk in room temperature. Considering that thermo-powerfactor
S?¢ s about 500 times higher than bulk sample, we can estimate the

thermal conductivity of cool-pressed nanoparticles sample was reduced
dramatically to only 1/40 of its bulk sample. The reduced x maybe

derive from more scattering coming from the large number of grain



boundaries between nanoparticles. But so small x imply that electronic

concentration of sample maybe also affect by nanoized process. The
additional peaks appearing on Raman spectra indicate that possibility

surface-mode phonon existed in nanoparticle samples.
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3-6 & sk #H(Raman spectroscopy)
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% 41 RiRE T

Crude electrode Thin electrode

2.1 mm 0.8 mm

% 422 BT RAE

Composition  Thinelectrode  Crude electrode Increase
production
rates
p-Type 0.13 g 0.64 ¢ 506%
Bi, Te,555€0.45
p-Type 0.20g 0.53¢ 270%
BiyTez4S€0,6
2 432 k2o R *THAE
Composition Crude electrode
n-Type Bi,Te;sSe; s 0.48 g
n-Type Bi,Te; gSe; » 0.28 g
p-Type Bi,Te, ggSeg 12 0.27 g

p-Type BisTe1Sego 1.88 g
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422 & (Raman)sk 3# & 7
YR s b Gl B3 hiT A B R eDRE R, T AP
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Bi,Te, Se, , np anneal at 80°c 24hr

Bi,Te, Se , np cold press 1500 kg/cm2

| | 1 | 1 T I 1 (o | i

Bi,Te, . Se , np cold press 100 kg/cm

2

P

1 I PRI i i RSt R B

Bi,Te, . Se , np cold press 50 kg/cm

1 ! | 1 | I | ) ] ] ] ! ] ) ]
Bi,Te, ;Se, . nanoparticle

] *A-

L I L
B|2Te2_458e0_55 nanoparticle

Intensity (a.u.)

] ] ] ] ! ] ] i
Bi,Te, Se , nanoparticle

. _ ey
‘-—Lv'-v
] 1 ] 1 | 1 | ] ] 1

Bi,Te, . Se, , Bulk

P R I R R S
100 200 300 400 500 600 700 800

Raman shift(1/cm)

B 4-18 BizTez_lseolg ’fi e e e A ﬁll; T z_ Raman JD;‘H‘ 1B
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Intensity(a.u.)

Intensity (a.u.)
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EERE PR SIS o g‘-.’\_’i:;( Aol e e B F 2 B G
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91 2. ZT(=0.9)F E35 7 fe o d L7 dv s BEAR M 2 02 BoE 2 A

B s B L - R R -
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259 mV 413.7 mV _
A . ZT=06
\ e
0.4 |
03 |
>
()
& o2t
S
0.1 |
0.0 ! . | |
150 200 250 300
Time(s)
B 4-21 TEC1-127060 V-T @
+ 4-4 £ F M %
& - Resistivity Seebeck \
compostition ce 2 ZT
@) (@mm)  (MV/K)  (mW/mmK)
BizTeLSSel_5 0.076 0.21 2.6 32.62 0.17
BizTeLSSel_2 0.111 0.42 0.3 0.21 0.01
BizTezlSeO_9 0.13 0.43 3.4 27.11 0.13
Bi,Te, Se ,np 55545  20.30 117 0.07 0.01
BizTez. 4890_6 0.111 0.43 1.7 6.76 0.08
BizTez. 45880.55 0.174 0.25 2.9 33.69 0.08
BiZTeZSBSeO.12 0.014 0.06 5.2 479.95 0.18
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