Joumal of the Korean Ceramic Society

Vi

z
®
s 24T 5 Aok AW AU Uk G

J‘Sorresponding author : Chul-Hoon Pai N ] L
E-mail : paichlab@incheon.ac.kr Fol k. olel whal Sic AEHE MiEAE 2 I
Tel : +82-32-770-8277 Fax : +82-32-762-1698 2 B8 2 7] e 228 AN A ul

2. 40 No. 10, pp. 991~997, 2003.

AL C; 7t o-SiCel PHHESN

utedA| - B S
at)sta AlAA] g eta

(2003 7€ 21 H4 2003d 9¥ 19 F2)

Thermoelectric Properties of Al;C;-doped o-SiC

Young-Suk Park and Chul-Hoon Pai'

Department of Materials Science and Engineering, University of Incheon, Incheon 402-749, Korea
(Received July 21, 2003; Accepted September 1, 2003)

L

SiC Aty 2o HARMBEA vX= ALC;, F7EFe] da8) Astnh a-SiC £l ALCE A7t Ar #9971
2100~2200°CollA] 3A|7F 2A3] FELE 47~59%%] thE-d SiC Mt 25 A2tk XA 484 9 F418 A
Aeu| o LZ4A 9 AT vATRE 248, ALC; A7l 93] 6HolAM 4HZE <] o] HAS #EE &
Uzt A7IAEES} Seebeck ATE Ar B97] 550~950°CA &H Rk FH7 A5 A dERd 48
p%d EFE(ALFe)dl &3l Seebeck A57F H(+)9] #He VbR o, £AF 257t St wel AR}t S48
o ALC; #7F AR AVAEEE el B Agowx Frtel ofs] FH7F AlERT £hon, T Seebeck AlTE
A Jebgth A5 2%, AvMg 9@ AFAF A GHEEEA N A 7)dstdt

ABSTRACT

The effect of AL,C; additive on the thermoelectric properties of SiC ceramics were studied. Porous SiC ceramics with 47~ 59%
relaive density were fabricated by sintering the pressed 0-SiC powder compacts with AlC; at 2100 ~2200°C for 3h in Ar
atmsphere. Crystalline phases of the sintered bodies were identified by powder X-Ray Diffraction (XRD) and their microstructures
wer > observed with a Scanning Electron Microscope (SEM). In the case of Al4C; addition, the phase transformation of 6H-SiC to 4H-
SiC could be observed during sintering. The Seebeck coefficient and electrical conductivity were measured at 550 ~950°C in Ar
atmosphere. In the case of undoped specimens, the Seebeck coefficients were positive (p-type semiconducting) possibly due to a
dominant effect of the acceptor impurities (Al, Fe) contained in the starting powder and electrical conductivity increased as increasing
sintzring temperature. Electrical conductivity of Al4C; doped specimen is larger than that of undoped specimen under the same
con lition, which might be due to the reverse phase transformation and increasing of carrier density. And the Seebeck coefficient of
Al4Zy doped specimen is also larger than that of undoped specimen. The density of specimen, the amount of addition and sintering
atmosphere had significant effects on the thermoelectric property.
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Table 1. Density and Porosity for the Specimens Obtained under
Various Processing Conditions

Sinte.d.ng Density
Sample = 473 condition Porosity
name "N T Time  AD RD (%)
(wt%) 3
(0 )  (Fem) (%)
Cl 0 1.6150 5031 2332
C2 1 1.8751 5842 17.64
C3 3 2100 1.8373 5724 1895
C4 5 17117 5333  20.82
C5 10 1.5195 4734 25.61
C6 0 3 1.6731 52.12 2345
(o) 1 19128 5959 17.13
C8 3 2150 1.8640 58.07 1874
9 5 1.7743 5527 20.21
C10 10 15389 4794 2479
C11 0 2200 1.5678 48.84 24.14
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Fig. 1. Schematic diagram of the apparatus for electrical
conductivity and Seebeck coefficient measurement;
1. Specimen, 2. Silicon rubber, 3. Voltmeter, 4. DC
current source, 5. Thermocouple, 6. Alumina tube, 7. Gas
inlet, 8. Gas outlet, 9. Air inlet, and 10. Air outlet.
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Fiz. 2. ransmission electron micrograph of SiC starting powder.
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Fiy. 3. X-ray diffraction pattern of SiC starting powder.
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of the undoped specimens sintered in Ar atmosphere for
3hat (a) 2100°C, (b) 2150°C, and (c) 2200°C (bar=50 pm).
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Fig. 5. Temperature dependences of electrical conductivity for
the undoped specimens sintered in Ar atmosphere for
3 h at 2100°C (C1), 2150°C (C6), and 2200°C (C11).
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Fig. 6. Temperature dependences of the Seebeck coefficient for

the undoped specimens sintered in Ar atmosphere for
3 h at 2100°C (C1), 2150°C (C6), and 2200°C (C11).
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Fig. 7. Temperature dependences of electrical conductivity for
the specimens sintered in Ar atmosphere for 3h at
2100°C (a) and 2150°C (b). Sample descriptions were
given in Table 1.

A= dehligith ol =717 vAle vA 72
T 2 A2y SOl 71ddhe Ao ARdET.
A sice] =A7)Fel dis) AR, £ A7l
SiC 22A9 2 o2y weAe] AZHET e o
A% A2 %y dgtet!M el disiA AFHERL
w, Ah e} FZol Schottky o] EAsHE A=
242 JEHZ Yok F, YAl daprt FH57] W
of 7 FZel FxHAEFel AL, 2 FAE S
o8} Schotky ol BB via nasty ot wekA,
Sic 4R s2e Afe A Urols dAE Es
A s AR QlE 7Ry B2e dRE A
& & Adnh 223N FkE ALG 3 EEE R
EEEE] YUz FEL A ke =
JA =AY Ao FAHER, gulde AR
Y 2 uFEe) BEEe] A Hol el
TR FAE AT Aoz AREH. FH dA
d A7k 3 EeEdd A9 SAEHE AT
F gon, A7HEe et E AfdE At A%

lo
of
o




ALC; #7h 0-SiCe] GANTEA 995

p R
of Mugn Mot
5

Fig, 8. Scanning electron mlcrographs of the pollshed surfaces of the specimens sintered in Ar atmosphere for 3 h at 2100°C; (a)
tndoped, (b) 1 wt%, (c) 5 wt%, and (d) 10 wt% Al,C;-doped (bar=50 pm).
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Fig. 9. X-ray diffraction patterns of the polished surfaces of the
specimens sintered in Ar atmosphere for 3 h at 2100°C;
(a) undoped, (b) 1 wit%, (c) 3 wt%, (d) 5 wt%, and (e)
10 wt% Al,C5-doped.
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Fig. 10. Temperature dependences of the Seebeck coefficient

for the specimens sintered in Ar atmosphere for 3 h at
2100°C (a) and 2150°C (b).
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Zolelol ATl Raw A3 AIRELRY AsE Z
shoiT). wa, Ademe] 4o mek Qs g H
20 98] Seebeck A%7F Z7HeITh
o 2% Al 28 2 Gapoldl o
o
4

lo

o AHMEEE e 2t
o] Z/EeE U 744 B QAIS 4" dem
AtEEE A H7bE x| &gt FAEHd o
& ANHEEF gastedA, 1wi% ALC; FA7F AR
A7IHE=7 71 =A et

3. 7110559} Seebeck AlFEHE Al4FEH power factor
HoohHe FMurd oz ALC, H7F A2 power factor 7t
o] A7|FAELE FAOoR A FH7F AlRHTE =3}
1wt% AlLC; 7MiM 2150°Col M 22T SiColA 5.7x
1070m - S - KHE 7P $53 B4E eI

e

dAtel 2

B oAps JANER 20029E FEIAA A7 Lol
ojs) FAHoH, ol A=Y



ALC; 7T o-SiCe] EAHEA

REFERENCES

!. D. M. Rowe and C. M. Bhandari, “Modern Thermoelec-

>

Rzl

trics,” Holt, Rinehart and Winston Ltd., London, 35-48
(19¢3).

. L. B. Cadoff and E. Miller, “Thermoelectric Materials and

Devices,” Chapman and Hall Ltd., London, 173-83 (1960).

. K. Uemura and I. Nishida, “Thermoelectric Semiconductors

and their Applications,” Nikkan Kogyo Shinbun, 1-11
(1988).

. K. Koumoto, C. H. Pai, S. Takeda, and H. Yanagida,

“Microstructure-controlled Porous SiC Ceramics for High-
temperature Thermoelectric Energy Conversion,” Proceed-
ing: of the 8th International Conference on Thermoelectric
Energy Conversion (Nancy), 107-12 (1989).

. Y. Suga (Ed.), “Thermoelectric Semiconductors,” Maki

Shyoten, Tokyo, 295-355 (1966).

. J. Y. W. Seto, “The Electrical Properties of Polycrystalline

Silizon Films,” J. Appl. Phys., 46 [12] 5247-54 (1975).

. C. H. Seager and T. G. Castner, “Zero-bias Resistance of

Grzin Boundaries in Neutron-transmutation-doped Poly-
crystalline,” J. Appl. Phys., 49 [7] 3879-89 (1978).

. M. L. Tarng, “Carrier Transport in Oxygen-rich Polycrys-

tall ne Silicon Films,” J. Appl. Phys., 49 [7] 4069-76 (1978).

. G. Baccarani, B. Ricco, and G. Spadini, “Transport Prop-

erties of Polycrystalline Silicon Films,” J. Appl. Phys., 49
[11] 5565-70 (1978).

10.

11.

12.

13.

14.

15.

17.

18.

19.

997

J. Y. M. Lee and 1. C. Cheng, “Electrical Properties of
Lightly Doped Polycrystalline Silicon,” J. Appl. Phys., 53
[t] 490-95 (1980).

P. R. Emtage, “The Physics of Zinc Oxide Varistors,” J.
Appl. Phys., 48 [10] 4372-84 (1977).

K. Eda, “Conduction Mechanism of Non-ohmic Zinc Oxide
Ceramics,” J. Appl. Phys., 49 [5] 2964-72 (1978).

W. S. Seo, C. H. Pai, K. Koumoto, and H. Yanagida,
“Effects of additives on the Stacking Fault Annihilation in
B-SiC Powder Compacts,” J. Ceram. Soc. Jpn., 99 [12]
1179-84 (1991).

T. Kawamura, “Silicon Carbide Crystals Grown in Nitrogen
Atmosphere,” Miner. J., 4 333-55 (1965).

W. E. Knippenberg and G. Verspui, “The Influence of Impu-
rities on the Growth of Silicon Carbide by Recrystalliza-
tion,” Mater. Res. Bull., 4 45-56 (1969).

. M. Mitomo, Y. Inomata, and M. Kumanomido, “The Effect

of Doped Aluminium on Thermal Stability of 4H- and 6H-
SiC,” J. Ceram. Soc. Jpn., T8 [71 224-28 (1970).

N. W. Jepps and T. F. Page, “The 6H-3C Reverse Trans-
formation in Silicon Carbide Compacts,” J. Am. Ceram.
Soc., 64 c-177-78 (1981).

C. H. Pai, K. Koumoto, and H. Yanagida, “Effects of Sin-
tering additives on the Thermoelectric Properties of SiC
Ceramics,” J. Ceram. Soc. Jpn., 97 [10] 1170-75 (1989).
V. Munch, “Silicon Carbide,” Landolt-Bornstein, 17 [a]
132-42 (1982).

= 40d A) 10 (2003




