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Abstract  As a new approach(extrusion-sintering process) to fabricate the thermoelectric materials, it has been at-
tempted to extrude and sinter the powders simultaneously. It was possible to produce the highly dense (Bi,Sb),(Te,Se)s
-based thermoelectrics with sound surface appearances and microstructures by adjusting the process variables. For the
p-type materials, the Seebeck coefficient was increased with the amount of Te dopants, and the thermoelectric figure
of merit appeared to be 2.5%107*/K at room temperature when doped with 3 at% Te. The n-type specimen doped
with 0.16 mol% Sbl; showed the thermoelectric figure of merit of 1.8 x 10~3/K. In both p-type and n-type materials,
the carrier mobility and the thermoelectric figure of merit parallel to the extrusion direction were higher than those

perpendicular to it.
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1. thermocouple (T/C)
2. die assembly

3. water cooled electrode 8. hydraulic pressure
4. vacuum system 9. process control unit
5. LVDT

6. PC
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7. DC and AC power supply

10. digital multimeter (DMM)
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Fig. 1. Schematic diagram of (a) the resistance-spark sintering system and (b) the detailed view of the die assembly to be used for

the extrusion-sintering process.
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Fig. 2. Variation of the temperature and specimen length with
time in the extusion- sintering cycle.
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Fig. 3. Typical appearance of the specimens extusion-sintered
by the optimum condition. :
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Fig. 4. Variation of the relative density with the extrusion dis-
tance.(precompacting pressure = 200MPa, extrusion ratio = 9,
die hole length = 10mm, die angle = 30°, extrusion pressure
= 100MPa(p-type), 140MPa(n-type), extrusion temperature
= 300°C(p-type), 340°C(n-type))
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Fig. 5. Variation of the relative density as a function of (a) die
angle(dopant ; p-type, 3 at% of excess Te ; n-type, 0.24 mol%
of Sbly), (b) extrusion ratio(dopant ; p-type, 2 at% of excess Te
; n—-type, 0.16 mol% of Sbly), (c) precompacting pressure, (d)
extrusion-sintering temperature and (e) extrusion-sintering
pressure. ({c), (d) and (e) dopant ; p-type, no excess Te; n-
type, 0.08 mol% of Sbl,)
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Fig. 6. Cross- sectional views and the relative densities of the as-received and surface- removed specimens.{precompacting pressure
= 200MPa, extrusion ratio = 9, die hole length = 10mm, die angle = 30

type), extrusion temperature = 300°C (p-type), 340°C(n~type))
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, extrusion pressure = 100MPa(p-type), 140MPa(n-

Table 1. Optimum process conditions obtained in this ex-
trusion-sintering processes.

Qg vkl 1 9o 7o) LA U= AL F parameters p-type n-type
Aglch. @ebA 71Fe] AT WS A0l - AA F = precompacting pressure 200MPa 200MPa
E ASAHF A} 98% ol A3 XUd ¢E-4A extrusion ratio(D*/d*) 9 9
AE QAL 4 9t} o)At YS-4A EH Aoz n die hole length( £ ) 10mm 10mm
B A48 (BiSh),(TeSe)sA p¥ X nY ARE ) 9 die angle(9) T
g HAe) Az 2AL ¥ 14 A5tk extr1.151on pressure a a
extrusion temperature 300C 340TC
3-2. 9NEN : -
_ extrusion distance >3cm >3cm
X 2= p¥¥ ny ¥4 # ¢E-4274 AWy gz
Table 2. Chemical compositions of the powders and the extrusion-sintered specimens.
Bi Sb Te Se I
10.45 29.85 bal.
0 at%T - -
. atkTe (1000) | (30.00) | (60.00)
powders 6 at% T 9.54 27.83 bal. j
. 0 (943) | (2830) | (62.26)
p-type D atTe 1007 | 27.20 bal. i i
extrusion 0 (10.00) | (30.00) | (60.00)
-sintered 9.88 27.54 bal.
%'T - -
batkTe 943) | (2830) | (62.26)
39.70 0.02 48.03 12.02 bal.
oo
0.08 mol%Sbl, 3097 | 002) | @ron | (199 | (0.05)
powders
0.24 mol%Sbl, 39.58 0.05 48.25 11.88 bal.
net ) (39.92) (0.05) (47.91) (11.98) (0.14)
ype - 0,08 mol%Sbl 3938 0.02 4813 11.38 bal.
extrusion ' oo (39.97) (0.02) (47.97) (11.99) (0.05)
-sintered 39.93 0.05 48.08 11.64 bal.
0.2 1% Shbls
4 mol%Sbl (39.92) | (0.05) | (47.91) | (11.98) | (0.14)

( ) :theoretical composition
bal. : balance
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Fig. 7. XRD patterns of the extrusion-sintered specimens.
(precompacting pressure = 200MPa, extrusion ratio = 9, die
hole length = 10mm, die angle = 30°, extrusion pressure =
100MPa(p-type), 140MPa(n-type), extrusion temperature =
300°C(p-type), 340°C(n-type)) (a) cross-sectional (b) longitudi-
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Fig. 8. Fractographs of the extrusion-sintered specimens.
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Fig. 9. Thermoelectric properties of the p-type extrusion-sintered specimens.(precompacting pressure = 200MPa, extrusion ratio
= 9, die hole length = 10mm, die angle = 30°, extrusion pressure = 100MPa, extrusion temperature = 300C)
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Fig. 10. Thermoelectric properties of the n-type extrusion-sintered specimens.(precompacting pressure = 200MPa, extrusion ratio
= 9, die hole length = 10mm, die angle = 30°, extrusion pressure = 140MPa, extrusion temperature = 340C)
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Table 3. Comparison of thermoelectric properties of specimens fabricated by different processes.
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