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Effect of spark plasma sintering parameters on the electrical and thermal properties of

BiosSbisTe; sintered body

Young Hoon Choi

Department of Materials Processing Engineering, Graduate School, Pukyung National

University

Abstract

This study investigated the effect of spark plasma sintering parameters on the
electrical and ' thermal properties  of BigsSbisTes « sintered body. The BiosSbisTes
powders were prepared by, the combination of the melting and mechanical milling
processes. The mechanical | treated powders were sintered by using 'spark plasma
sintering process under’. various sintering conditions. The change in the microstructure
and phase with ‘sintering conditions were analyzed using FE-SEM' and XRD. The
thermoelectric property. of ‘the "sintered body was evaluated «by- measuring the Seebeck
coefficient, electric resistivity-and thermal conductivity.

Grain size of BiosSbisTes sintered body was increased as sintering temperature or
sintering time was increased and sintering temperature affected more than sintering time
in grain growth. The sintered body by using spark plasma sintering process was shown
an orientation on thermal and electrical properties. We assume that these orientation of
thermal and electrical properties is because of the anisotropy of crystal structure of
Bi-Te system. The orientation of these sintered bodies was increased as the sintering
temperature and time was increased. Seebeck coefficient and electrical resistivity was
decreased on the perpendicular direction to pressure and thermal conductivity of the

parallel direction to pressure was decreased.
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Fig. 2.4. The relationship between thermoelectric properties and carrier

concentration.
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a4 25¢ WAEHEvtadr Y EAES Uehd adolv W&t
ZulAZd7]= ON-OFF DC pluse AUE 7l 714 47«0l
pluse generator®l] &3l =Z YRl A, dAFE AUt AE F
pluseE A7}l = Z 7]/ e ol 4 Spark plasma, Spark impact pressure, Joule

heat, An electrical field diffusion effect &Ato] dojuf Ado] FZHAT[31].
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A RF e, U3 S A HPHeE F
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SEM HV: 20.00 kV Lovoot VEGAW TESCAN
”

Det: SE 2pm
PKNU n

Fig.~3.1-SEM micrograph of BiysSb;sTe; powder.
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3.2. BiysSbisTes 22 A el EAAH 7}

XRD (X’Pert-MPD System, Philips)ﬂ— SEM (S-2700, Hitachi):% o] g3}
adAe] A Fxe AdA S viAlzA S BEElth AFA L] T
Ax2 e AFstetr] flste] 4 A8 sl SEM ARl O 2 B A S
[32] & o] &3te]l AAYH A71E S5t

Az 2AAZRE 12x4xImm 7] A|FHAE QFH o] Avpx|#
200002 #dAnt & ALA4ud 4925 (ZEM-3. Ulvac-Riko) ©. 2, A4
sredupgko] = MpgEo 2 AFe Seebeck R oF A 7|HAES SR T
S AAAZHE 8x8xImme] A HS S ske], LAY G B W

EEE SAs¥ Y. ol AAEE = laser flash¥ (Netzsch Co.,
LFA-437) = ©]&3to] d=gAitas =49k 5 dAgAbat AR HY
(0.186J/g°C) 9 H=eole] Fo=H AAkSESItt v ¥ DSC (Diamond,
Pyris 1, Perkin Elme)%Z S8t or, WE= ol=Z7|ddlA Moz 743t
AT

o
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4. 2% 3 1%

4.1. BipsSbisTe; 2ZA A9 v A xZ

I9 410 2AANZE 180%2 A do] A2FLLE 300°C,
350°C, 370°CZE 747t &~dshAZA 9 sebd SEMARL-S el Sint &
AAe Wdas w2t gyrb dojues A4 59 AsS etk 24
257} 300°CelAl 370°CE F7hshell wet BsHe) A717F Frhete A
s Jetdigth sdd e A e A7k Soek e AL E, Bol AL
b Fhskel wet AAA ] AAs A7k Sk S Alew frFEcth

% 4.20] 2FL25370°CE 44l ste] &24d Az 180%, 600%,
1200%= Zp2F 43 A4Ae] sbd® SEMAR & YER it &4 A
7ol 180%°lM. 1200&% ZF7hgrel wet HIlHe] A7) 7 F7hsti o
2 2FA Y AYHF- a7t TS A eEZe iR EH

I 439 2Z4AY Tkl APRo R RE S-S ol gsle] =43t
AR7) Hg A% A7) (apparent mean grain size) S AZAA| M} AH L L9
Hate] wel ettt 2RV P APHAVE I8 419 4.29 &
AA s o] #Hyd 2719 P AE vebd Aotk dwbAo g FH/d 5t
NE doyle AR A AFHY A7/ A5 i ¥rde]
e A vepdnh BE A7) AdiAs A A arie] do g
P zpelzE yAIRE, Wold 2719 WE Ase AFHArY WEgAsS
Uetg= Zles Azdn. B A9 iSR! BisSbisTes 24 A = &
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Aoz WARS 7 A Aes Hehls em G 9l
o iy S4E B 279 Weks Ayl Hales o
Bl = gle Alow ddEnh 2dARE 18022 A sho] 24T
2dLE7F 300°ColA 370°CR sl wet 549 2Ry 474

E

del Far7 oF 1.5 F7kehainh. 2d A3k 60022 LS st
243 A9, 2FAE%E 350°CoA] 370°CE A5d wje ARy 4439
A7) W37 24X 180%9] 350°ColA] 370°CE A+d we] AR

o,

2
2o
= !

SaAR, Auy] ARY Al 2 FEA e ATE o
o9} ol BiosSbisTes 29 PAZekavt 24 A A gl 272
AT 24 QR U 2 Qg vHe g

AR A E dEE s QIR AAs e wet
=3 Qe BEE thay) Wi o) EHow v bl #A7 Yt
e 23 \SE4e AMEoR offl BAY FAYES dehje F3a
A5z EAH) BB FAAFE e 4@ 2ol 27t Fohd
of whe} x4 o 2 AR [33)

D(cm’/sec) = D, exp(-Q/RT) (4.1)

NN, D AFFF AFHE, QE B oA, RS AT,
TE Ahexelt 24 A9 FU-3F, WARE, PN /T
Sol BT 2u AFHOR oEaht FANE BT YA Jx

ARl oldlE flal AR dAgstetar 7H st s = o] &
mEw o] A (4.2) 2 vERd 5 9tk

_20_



—  — 4DV,
2 b b¥'m
th - ﬂRTUJ t (42)
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(b)

©

Fig. 4.1. SEM micrographs of fracture surface of BigsSb;sTes; sintered bodies
for 180seconds at (a) 300°C, (b) 350°C and (c) 370°C.
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R\
SEM HV: 20.00 kV VEGAW TESCAN

Det: SE 2pm
PKNU "

SEM HV: 20.00 KV, VEGAN TESCAN

| Det:SE 2pm
PKNU "

VEGAN TESCAN

PKNU "

Fig. 4.2. SEM micrographs of fracture of BiosSbisTe; sintered bodies at 370°C
for (a) 180sec, (b) 600sec and (c) 1200sec.
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Fig. 4.3. Variation of. apparent mean grain size: of BigsSbisTes sintered bodies

with sintering temperature-and time.
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4.2. BipsShisTes 2Z2 A2 778 EA

AR A71F EAS ARUFE Fd 175 dste s8<d A7)
% o9 A5 AxFxe dHE EAAQ Al SeebeckAlTE
7o gd Al mel Aol AT A5 dA7A

h
, SeebeckA| T+ AV|HALEES 502 Q3 Ao FE2 7=

=
i)
R

S
S
B~
ih

to

f
=2
%)
wlf
2
N
i)
At
o,
&
ok
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Fig. 4.15. Variation of thermal conductivity of-BigsSbisTes sintered bodies with
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