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Preparation and thermoelectric properties of polymer-derived

dense SiC nanocomposites

HAN Xiaoyi'? , XING Xin' , WANG Jun', CHENG Haifeng'
(1. National Key Laboratory of New Ceramic Fibres and Composites,National University of Defense Technology ,Changsha 410073 ,China;

2. Engineering Design Institution of Nanjing Command, Nanjing 210016, China)

Abstract; Taking polycarbosilane and antimony-modified polysilane for precursors and drawing lessons from the transformation process of high

temperature graphitization of spare free carbon in SiC materials, the polymer-derived SiC nanocomposites were prepared by employing hot-press

sintering, precursor infiltrating-cracking methods and annealing. The phases and microstructures were characterized and analyzed by using SEM,

TEM, XRD and Raman test methods. The thermoelectric parameters of samples, such as thermal conductivity, electrical conductivity and Seebeck

coefficient, were studied. Results show that the dense SiC nanocomposites acquired are n-type thermoelectric materials. The thermal conductivity is

suppressed at the range of 4 ~8W/(m - K) due to the function of nano-graphite. At the annealing temperature of 1600°C, the thermal conductivity

reduces while both the electrical conductivity and the Seebeck coefficient increase, and ZT value of SiC nanocomposites derived from precursor

reaches to 0. 0028 (650°C) , which is higher than that of SiC/C composites or nanocomposites ever reported.
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Tab.2 Samples numbers and conditions
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Fig. 1  Morphology of samples cross-sections( HP =30, PIP —30 and HT -30)
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Fig.2 Images of TEM, EDS and SAED
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HIzC (D) RSB 2T ([ERE iR AE R R,
il 8., tnfEl 8 Frn, M\ 25°C 3] 650°C 4 i
ZTAETE 10 7 DL b, 2T (EBEIREE ) TH i e, 2
P R R AA R R RE . HP - 20 1Y ZT fH#R
ik, 7E 650°C Jy 0. 0005, PIP T 2548w T 8w,
AR ZT fH. X PIP #£ i k47 1600°C $akb
U, TS HT FE&L ZT {355 0. 0028 (HT - 30,
650°C) , 7£ H Hij & 4l 1 1) 2 SiC/C & G h R
YUK SRR ZT P8R . SeBRIREE Ak in T
TREBAR, R T2 3 7 SiC 9K 4 i b
BHE A B R,
i BN K A S5 UKL AN SIC AL R S &
B, ZT (B b il B AR R S L H L/ Dy s AR,
W33, 1E500C LR, L,/Dy_go AT A FESL ZT
L i Yk i A2 A A B AR — B, X H R A BT A A
THEARGUKZ A MR PERERZ B

304
—=— HP-20
254
204
k3
B2 154
]
10
54
0 = 5 T T T T T
0 100 200 300 400 500 600
Temperature/('C)
8 ZT fEbf A G R
Fig.8 ZT value versus temperature
R3 BRIRSTEL,/Dy g
Tab.3  Ratios of L, to Djy_g
FE i L./Dy_sic
HP -20 0.13
HP -30 0.09
HP -40 0.13
PIP -20 0.18
PIP - 30 0.13
PIP -40 0.15
HT -20 0.10
HT -30 0.11
HT -40 0.15
4 g

KSR IARRE AL, DL PCS Fl A — PMS 4
IRl R R vk PIP LR K T 2458 T
JEATE RGN K A7 58 A B0 SiC gk &2 &4k i
T XA A LR | = A 5 4 Y AR S 1 40 BT R
B IRV T IOV S Fa X B R 1 8 I ek AR R G R
PRI A3 B DL 2848518

1) RASER ARG A s, AT A H sk = i
AR AORA B e T B R R T AN
KGRy 1 3R e 43 HLI) [R]85 5

2) A AR R BE T e I R, A oK A 2R (L,
=2 ~5nm) 4 ) TFEAK SiC 94K 525 4R
L EHIAF R4 ~8W/ (m - K) JEHEN;

3) PIP T2 % AL PERE A WA 0 e A A, i
1600°C iR K AL FHREAL PRI T 58 45t oy v T o 1 98
DLSE 28k, i ZT {E M 0. 0007 #2525 % 0. 0028 ;

4) L,k A AR 1) L &R £E 500°C
AR, L,/ Dy s ABAHIE AR ZT HEH R, X iX
— ARz A B T8 S SiC 90K E A
BHOGR Z5 R 1T o



- 154 -

(FE TR SR S AN S

536 &

2 % 3wk ( References)

(1]

[10]

[11]

[12]

Qiu P F, Yang J, Liu R H, et al. High-temperature electrical
and thermal transport properties of fully filled skutterudites
RFe4Sb12 (R = Ca, Sr, Ba, La, Ce, Pr, Nd, Eu, and
Yb)[J]. 2011, 109
(6) :063713.

B, E A, R, S Al Sk Wb OB B 5T B
ARLCL/ 755 -C i v 1 2l R A R K JHG R F 2 R 23 8 SC &R
(%52 43H) , 2010,1 -3.1 -7.

HAN Xiaoyi, WANG Jun, CHENG Haifeng, et al. Research

progress in thermoelectric oxides materials[ C]//Proceedings of

Journal of Applied Physics,

the 7th National Conference on Chinese Functional Materials
and Applications, 2010, 1 =3, 1 -7. (in Chinese)

Jones R H, Henager C H Jr. Fusion reactor application issues
for low activation SiC/SiC composites [ J ]. Journal of Nuclear
Materials, 1995, 219 55 -62.

BFF, BRI HS, BRI, A5, 3 4k C/SIiC - ZeC B MR
e MHCEREIITE[T]. B BRI R %% 4, 2011, 33(6):
129 -133.

ZHAO Dan, ZHANG HU Haifeng, et al.

Preparation and characterization of three-dimensional carbon

Changrui ,

fiber reinforced SiC — ZrC composites[ J]. Journal of National
University of Defense Technology, 2011, 33(6) :129 - 133.
(iin Chinese )

Kim J G, Choi Y Y, Choi D ],
thermoelectric properties of CVD SiC deposited with inert
gases| J|. Joumnal of Electronic Materials, 2011, 40(5) ; 840
-844.

Takeda S, Pai C H, Seo W S, et al. Thermoelectric properties

et al. Study on the

of porous-SiC fabricated from rice hull ash[J]. Journal of the
Ceramic Society of Japan, 1993, 101:814 —818.

Hicks L D, Harman T C, Sun X, et al. Experimental study of
the effect of quantum — well structures on the thermoelectric
figure of merit [ J]. Physical Review B, 1996, 53(16) :
R10493.

Lan Y C, Minnich A J, Chen G, et al.
thermoelectric ~ figure-of-merit by a bulk
approach[ J]. Advanced Functional Materials, 2010, 20(3) :
357 -376.

Gruen D M, Bruno P, Arenal R, et al. Thermoelectric power

Enhancement of

nanostructuring

factors of mnanocarbon ensembles as a function of
temperature[ J]. Journal of Applied Physics, 2009,105(7) :
073710 -10.
Fujisawa M, Hata T, Bronsveld P, et al. Thermoelectric
properties of SiC/C composites from wood charcoal by pulse
current sintering [J]. Journal of the European Ceramic
Society, 2005, 25(12) ; 2735 -2738.
Li W, Xiang Y, Wang S, et al. Ablation behavior of three-
dimensional braided C/SiC composites by oxyacetylene torch
under different environments [ J ]. Ceramics International
2013, 39(1): 463 —468.
Liu H, Cheng H, Tian H. Design,
microwave absorbing properties of resin matrix composites
reinforced by  SiC
properties[ J ]. Materials Science and Engineering: B, 2014,

179: 17 -24.

preparation and

fibers  with  different  electrical

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Zhou X G,Yu H J, Chao Y B, et al. Status and critical
issues of SiC/SiC composites for fusion applications [ C]//
Proceedings of Ceramic Materials and Components for Energy
International

and Environmental Applications - 9th

Symposium on  Ceramic  Materials for Energy and
Environmental Applications and the 4th Laser Ceramics
Symposium, 2008.

Fang Q, Li X, Tuan A P, et al. Direct pattern transfer using
an inorganic polymer — derived silicate etch mask[ J]. Journal
of Materials Chemistry, 2011, 21(12) ;. 4657 —4662.

Han Y H, Mukherjee A K. Nanostructured bulk ceramics.
Part IV ; polymer precursor derived nanoceramics| J]. Journal
of the Korean Ceramic Society, 2010, 47(3) ;205 —209.
Mera G,Riedel R, Poli F, et al. Carbon-rich SiCN ceramics
derived from phenyl-containing poly ( silylcarbodiimides) [ J].
Journal of the European Ceramic Society, 2009, 29 (13) .
2873 -2883.

A, BHEDST, RAKA, 5. JRBIAE G (9 o IR e R A
PMLEOFSELI]. WA #di, 2007(1) : 1-7.

CHENG Xiangzhen, XIE Zhengfang, SONG Yongcai, et al.
Synthesis mechanism of polycarbosilane at high temperature
under high pressure[ J]. Acta Polymerica Sinica, 2007 (1) .
1 =7. (in Chinese)

XUBE, R, ZEROR, 5. WS SiC SRR B 24 R Rl
ER SR [T]. WA &R E S TR, 2008 37
(AO01) : 367 -370.

LIU Lin, XING Xin, LI Xiaodong, et al.
properties of a novel liquid precursor for SiC: antimony-
substituted polysilane ( APS) [ J]. Rare Metal Materials and
Engineering, 2008, 37( A01) :367 —=370. (in Chinese)
TR, XS, 2300, A5 B 2 B SR Ak e 19 45 W5 TR e
WHFELI]. R RHER A4, 2008, 30(3) : 15 -20.
XING Xin, LIU Lin, LI Xiaodong, et al. Synthesis and

characterization of polysilanes with antimony side groups[ J].

Synthesis and

Journal of National University of Defense Technology, 2008 ,
30(3): 15 -20. (in Chinese)

Bk, AL, FICE, S AL PCS Y SiC HEK
AL AS B C/C = SiC A RMERERYSZ M [ T] . [ 4 ki
HA, 2012, 35(1): 127 -132.

YANG Xing, CUI Hong, YAN Liansheng, et al. Effects of
high temperature treatment on crystallite morphology of SiC
matrix pyrolyzed from PCS and properties of C/C-SiC
composites[ J]. Journal of Solid Rocket Technology, 2012, 35
(1):127 =132. (iin Chinese)

Kim R,Qin W, Wei G, et al. Synthesis of large-scale SiC-
Si0, nanowires decorated with amorphous carbon nanoparticles
and Raman and PL properties[ J]. Chemical Physics Letters,
2009, 475(1 -3) : 86 -90.

Ferrari A C, Robertson J. Raman spectroscopy of amorphous,
nanostructured, diamond-like carbon, and nanodiamond[ J].
Philosophical = Transactions of the Royal Society A-
Mathematical Physical and Engineering Sciences, 2004, 362
(1824) :2477 -2512.

Ferrari A C, Robertson J. Interpretation of Raman spectra of
disordered and amorphous carbon[ J]. Physical Review B,

2000, 61: 14095 —-14107.



