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A study on the Electric Properties of PbTe Sintered Body

Jae-Won Choi

Department of Production and Joining Engineering, Graduate School.
Pukyong National University

Abstract

To investigate the effect of microstructure to electric properties of PbTe
thermoellectric material, two Kinds of pre-alloyed PbTe powders which have a differnt
average particle size were prepared by the mechanical grinding process. PbTe sintered
bodies were fabricated by the hot press using mixtures of these powder. Electric
properties of the sintered body were evaluated by measuring of the Seebeck coefficient and
specific electric resistivity from the room temperature to 200°C. Seebeck coefficient of
PbTe sintered bodies of mixed powder have a higher values than that of non-mixed powder.
Specific electric resistivity of sintered body slowly increased with increasing the amount
of small size powder until about 60wt.% of small size powder. At about 60wt. % of small
size powder, specific electric resistivity rapidly increased. this transition behavior of
specific electric resistinity of PbTe sintered body analyzed by a two-dimensional powder
packing model and by a two-dimensional particle arrangement simulation based on the
percolation transition due to the microstruction change. Application of the perceclation
concept to microstructure design of PbTe thermoelectric material seemed to be useful to

increase the power factor of PbTe sintered body.
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2.4 Percolation™’ & o]

Broadbent ¢ Hammersley 7} 715 d ol S47F A5 o, o= A
7 e Ax wde FesA BAGAT FAME ARl vEF T
e 2 2 (cluster)7t YERGA By, R 4ge e 2 iEgG
AA FAe HAL wEA EHo w1, o' YAlE Rl =2
s Sw, ZAs A AR 23EE ARG Sesest A48 E ol
& ALS percalation @4bol#t v, AF e Ade] @FOR ojeh 2 29

~He AES 2 E=Ad F24% WaEs stAdes Ak Fig 3%
g

=]
o
Q
o
=
=4
=
=
)
off
tlo’
T
Sul
=
rir
=
£
M1
2
n

2 gmg A7u A Fe AnE EFFAL 9, AVMARe] T AR

(a) (b) (c)

Fig. 3 Percolation behavior.



3. A3
3.1 PbTe £ 39o] A=x=

AA=7) 7} PhTe £Z4A S A7A A nae G3Fe Sotrr] 6,
g3 + Eayos Axd PbTe B 98 3£k 34 A4, 3N )&
200um A (sieve)& 12F F& F A 75m A2 22 BFE 8to] Toum ol
kel 2 kel T5um oste] #FHE QAR Relstdvh. 2o 54 AolE
08 wWEgs] &v) Ykl B oske] A& dAtE WA 70mm, Aol
100mm o 2l aA 2E7)9 A7 6mm o el A B o] &3

o] 574 BU ALES Ar BN 1247 V1A A et
3.2 PbTe ¥2to] 24

NAA B4 sHez Azd FEe AR XM EAAXRD,
RIGAGU, D/MAX-2000)¢t @EA & (MAC-SCIENCE, DSC-3100)& ©]
24390 X-A FABAL Target & Cu, tube A2 25 kV - 35 mA, 20
= 20°0~80° 9 HMYE st EAsY. dEME Ar(¢E 999%) 7
Zol A a-AlLO; ¥% 10mg & ZTAER AHESte] €255 10T/ mine s

Burol QER¥E oA 844 (Shimadzu, SALD-20000 % &4t
A2 ZeARS AseRn, 22 288 AAs] A8 30
By 289 MRS @ Fo] YERES SHSUT. B2 ¥4d 249 2

%
7%= FALA AR Z4(SEM, HITACHL, S-2700) 0.2 #2F at3it.



A

A

33 PbTe 229 43 € 2%

75um~200um ¢ 2 Y=} 7oum o)kl e UAE
el zbel &&u]&o] 0, 20, 40, 60, 80 % 100 wt.% 7} ¥ =% E33 6F 79

Fgree Azsad. £UE 77 $2e 3Y dolxg ol 98

rio
N
o,
oL
ol
_)H_I‘
i
2
BN
ol
o
2

MPa ¢ A3asgr=Eos A7 22mm, =°] 3mm ¢

Az deidso AFAYE 59 E=(Graphite mold)oll FJ3s % Hot
PressZ o] &3] 7ld4azS 9tk 224 £71UE ¢k 10° Torr ¢ 2
3}

stol Ar #9171 FelM 50T AA 1

AAAE HAdsle] 2ABALE AviAAES Az AW dAnkd AH
& Norr'™®7} Aetst A7)g83a o A (electrochemical etching) W< AF&
1] Z(UNION, UNIMET)S A}&3te] 443 9

g EE gEsdvh B3 X-Ad ESAR dEMe dadTe] B9

ol
ok
s
=2
ot
o
%
L
)
%
ca



36 PbTe 24 9A5A H7t
3.6.1 Seebeck Al

Fig. 4o d71d¢ 4% 9% thermocell®] TX&£= el it L
~AANA 35x35x3mm =71¢] AlHE A&AY A7) (Buehler Isomet

No.426-1S-14173) = 3—3_%3}04 AHE T AvkA #2000 FY Aviste]

2o q 200C 7AA AP o, AR, S Fae Erate]E of 10T
qojate] =Aspgieh, Ao AL EE AR s 2o YFog Adtst
ou = zo| sAA] stE WA &7 98] thermocell®] ¥H7IE &

T 90009% o olzmg A&dlel BBA RVE @ F FHsanh F7

g @yjdeE gt U LEAUDE FE A (DS o]838te] seebeck Al <
e ekt

_11_



Pt electrode

DC

Micro voltmeter

Thermocouple
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Fig. 5 Schematic diagram of thermocell for measurement of specific

electric resistivity.
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Fig. 8 XRD pattern of the mechanical grinded PbTe pre-alloyed
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Fig. 10 SEM photographs of the mechanical grinded PbTe
pre-alloyed powder.
(a) over 75um powder, (b) below 7oum powder
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Fig. 11 Optical micrographs of the sintered body fabricated by a
mechanical grinding process for various weight fraction of

the small size powder.
(a) Owt.%, (b) 20wt%, (c) 40wt.%, (d) 60wt.%, (e) 80wt.%,

(f) 100 wt.%
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Fig. 12 Variations of the Seebeck coefficiet of PbTe sintered body

with weight fraction of small particle size powder.
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Fig. 14 Variations of the power factor of PbTe sintered body with

weight fraction of small particle size powder.
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Fig. 16 Variation of the packing structure of large particle and small

particle with n value

_32_



razA B AgoM AFze PbTe 22A ] d73
223 wslE shAslr] Y3te], A 277 8 F A Al REE o843
of Agrd N¥S 3t Fig. 173 Fig 18 A
FZAARAD A AL GEUHJAT. 5~T0m B FEE EREY FTAD
£ 60um °olNow, 200~255mm B
7} F1s] Hojx ], AL AR E2g dHE dEhla A Fig 19

oy
i,
M
2
1o
o,
A
jinss
o
flo
[N}
[a—
v
=

hu
2
s

Fig. 20 & Al AgAe 71014 &g tebdsiolh Al 4&Al A7)
MAY e AL 9x puel TRl wekold FA8 Frekd
Al @A) B9 vl TR Begso] o el & YAE] WEAo]
2 428 & ok

Fig. 21¢ $19) 4 (DB Abgstel 2 dxst Fe dre 4dds

(Compaction density)2 ZA38to] f- fi o F4& Xs 9 &2 YEpAZo]

e Qase MEHoR Aolse

N

U} Percalation Mol HAslel @ Mol 2=z wWIPel nAW 4
WEE olgste] 1 24E AFHY) Ad Az F
oz FAHUL Wel F e Y4E 2081 Fig. 29

HAel WAL percolation Hol7t dojupE 2oz o] wHel Al EF

2
e
w =
i)
.
rlo
2
N
2
rﬂ

Buto] Ar|u|Aae] FA3 Frlste AN A dAsE Ao M 9

_33__



Normalized particle amount(%)

100

90 |

80 -

70 -

60 |-

50 |

40 +

30

20 -

10 +

—@— Small particle size powder
—O— Large particle size powder

/

!

i

;

/

®
!
[
/
[}
/
®
[
[}
/
[}
/
[}
[
L]
|
[}

J O

/
|

0

[
o]
/

O

/

W
L L Illll'l 1 L lllllll W " geas

1

/
|

O
o
]

O
/

o
[
o
|

L i1l

0.1 1 10
Particle diameter(pum)

100

1000

Fig. 17 Particle size distribution of the aluminum powder.
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Fig. 18 SEM photographs of the aluminum powder.
(a) 45~75um powder, (b) 200~225um powder
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Fig. 19 Optical micrographs of the aluminum powder for various
weight fraction of the small size powder.
(a) Owt.%, (b) 40wt.%, (c) 60wt.%, (d) 100wt.%
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