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Preparation and Properties of SiC Fiber with a Stable Excess
Carbon Layer on the Surface

WANG De-Yin, MAO Xian-He, SONG Yong-Cai, WANG- Ying-De
(State Key Lab of Novel Ceramic Fibers & Composites, National University of Defense Technology, Changsha 410073, China)

Abstract: A new SiC fiber was prepared by-the pyrolysis of polycarbosilane ( PCS) fiber cured with unsatu-
rated hydrocarbons. The fiber with oxygen content of 4wt% — 6wt%, has high tensile strength of 2.5 —
2.8GPa. The specific resistance of the fiber-is-only about'0.5€). - ¢m, which is much lower than general SiC
fiber obtained from traditional air curing process. Results show that the fiber has an excess carbon layer with
a thickness of about 50nm in the circular outer part, and the layer changes little after thermal exposure in ar-
gon. Compared with the ceramic grade fiber Nicalon NL202 , thermal resistance to degradation of the fiber’ s
mechanical property is improved by 200 —300°C.. The low specific resistance of the fiber also exhibits excel-
lent thermal stability, which almost remains-at 0.4 —0. 8() - c¢m after thermal exposure test from the room
temperature to-1600°C in-argon.
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Table 1 Mechanical properties and chemical composition of SiC fibers

Properties C-SiC H-SiC NI1.202%¢ Hi-Nicalon'"
Diameter/um 12.8 12.7 14.0 14.0
Tensile strength/GPa 2.58 2.79 2.76 2.8

Si 59.5 53.4 56.6'° 63.7
Chemical composition/wt% C 35.7 35.1 31.7 35.8

0 4.8 5.8 11.7 0.5
Empirical formula SiC 4000, 14 SiC 54, 0g 1o SiC, 5, 0p.56 SiC, 5, 0p. 14
Specific resistance/ () + cm) 0.46 0.52 6.30 x 10° 1.40
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Fig.3 AES depth profile recorded from the surface of H-SiC fiber
after exposure in argon/at 1400°C for 1h

7 T A A R JE ML AR S % AR Sh T8 2 B SiCL0,
FAPR BB AELT e i i R, SiCL0, & —Fh AR 451,
Yo U S S VAN
SiC,0, —SiC +CO 1T +C (1)

RPAETS P A R ide e 1 SiC K C Rk, %%
o [ 2 Atk B -SiC A R AR K, 25 AR K DL &
)il AR S, A 70 2 2 v 7= A B, S 3
AR NS EN: A O AR

LT HELE R X R AR AL, 25 S B 3 41 4 3R T 245
¥ F ., L) Nicalon N1202 ZF 4 3k ], 24 3 Fh F 2k ¢
1400°C kb3 )5, SAFRFTAH L R e R AR L 4B T
B RARL (An&l 4 Bz ), O J5 -V B iy #4422 A1 11
88at% Mk (AL E Sat% LI, H R mgs e MfaE
SEF X FREEA 5 8] 2 FIF R H-SIC 27 4 (1) 3 Ifi 45 4
e R ARRL, AR B2 U 2 R E N 2 AL,
R H S %2 E 0 20nm, B C &K 85at%
KA ARGy 10nm (3 2 5 AR e )2 Si.CL0
JRF-HRE 4y 3129 K 40at% (56a1% F 4at% . 3X iji BH il
WA R AR AL B B ) SiC R4, T
o SiCL 0, 4% JTUAH 14 77 76 Fl s T R 19 20 A B 0z,
S5F9 (BLFG R AR 1Y B = (1) 1
SYFRIRNEIG , W LATE A R e I R TR 4544 T aX
FifaE 45 F 5 CVC-SiC 27 4 it 2 i 45+ 2 M
BT 2 1 2R T 25 ) S AR e 254

CVC-SiC 2F 45 3 Th 235 18 1) £ PR o AT LU & i
PAL PR 5 2F 4 1 2% 1 TR 30 A3 B 4 UE. CVC-SiC J¢
Nicalon NL202 £ 4 4F Ar S 47 1600°C & 1 b #
JEWIESIE R DL 5. IR LI Y, 76 1600°C 1y
Ar S HALBE 1h J5, CVC-SIiC 21 4k R 17598 6 it 30
(Kl 5(a) ), Nicalon NL202 F1hif77E— Lo 2% 5 okL
(EI5(b)).



1212 VI e

524 %

100

80

Atomic concentration/%
[N
(=)
T

0 I 2'0 ‘ 40 I 60 I 80
Sputtering depth/nm
4 Nicalon NL202 £F-4 Ar S 1400°C 4b 3 Ji5 32 1 14 1k Bk
Fig.4 AES depth profile recorded from the surface of NL202 fi-
ber after exposure in argon at 1400°C

()

Spm

BIS  Ar A 1600°C i AR B Th )5 25 4 19 R HTE A

Fig.5 Morphologies of SiC fibers after thermal exposure in argon
at 1600°C for 1h

(a) CVC-SiC ; (b) Nicalon N1.202

2.3 REAEHRENREEXNFERKEESHE
E:pA1)

AL A AN T 75 1) CVC-SiC £ 4k,
BT R BT SiC,0, AH i FEAIG, 76 & iR T B R4
¥ ] SR ZE R AR AT R AP e Pk, i A L R
it v L RE B PR 2T 4 5 4% Gt 23 ORI Ak D7 vl
3% Nicalon NL202 ZF 4 75 [R]AF 25 14 T #E 47 i i Ab
AR A X = A A AE BBk o B B R Y
A 0L LR 6. B LLE HY, Nicalon NL202 2 4 1
1000°C Zc 47 5 B2 FF 46 5 B, 10 CVC-SiC 2F 4 5% i W]

BT [ Y 35 Sl 1200 ~ 1300°C , CVC-SIC £ 4 7F
1300°C Kb H 5 5 JE AR B RN 75% ~90% 51400°C 4b Hit
J& L E SR B AR B 2R R 60% ~T0% ,1600°C Ab P Ji5 51
EAh 3k %) 1. 0GPa A2 44, T Nicalon NL202 £ 4 £&
1300°C ZbF 558 FE AR B %20 45% ,1400°C A 3 £ 4k
(1R 38 FE A BAUA 30% 5 2233 1600°C Ab B S 8 3 5¢ 42
24, CVC-SiC 27 4 = 8 4 b Nicalon N1.202 4 4 T
TpE S By v T RS

CVC-SiC ZF-#E R 1% 2 TH 5 B J2 45 1) B 422 b o
FE T MR BH AR R . BT O Ar S s R AL PR
J5 H-SiC 5 Nicalon NL202 W4 Fh <54k iy fH R 192540 5
B, FTLAE W AE Ar A A B 9 2 4 1) L BE
R I RO [ AR AL % Nicalon N1202 £ 4
P, L 2% it Ak JEE I B A 185 S T 8 I R AT, E 800°C L
b Rt A PRI BT, LB L) 10°Q - em [
flKE 10°Q - em LI T, X B AR 547 48 h 7778 SiC,0,
A IFHCSIC, 0, A% X (1) 32 840 ik Jo A= il 2 e
ITE RN 4 BRI & 245947 5. 1 CVC-SiC £F
Y e TR TH 2 1600°C A AL BRI FE | o B AR IR 2

3.0

Tensile strength/GPa
- ~ N N
(=} wn (=) N

g
wn

0.0 * *
0 200 400 600 800 1000 1200 1400 1600
Temperature/'C

K6 Ar P AbPE Th 5 SiC 274 B2 A2 AL 1 00
Fig.6 Tensile strength of different SiC fibers after thermal expo-

sure in argon for 1h

6
5 L o
g
[3) ‘e\\
Sl T
= --0- NL202 o
1F —a— CVC-SiC
0L A .
—
_1 1 1 1 1 1 1 !
0 200 400 600 800 1000 1200 1400 1600

Temperature/'C

7 Ar S il A 3 IS 2T 20 B 3 A FRL FE 1) 06 R
Fig.7  Relationship between specific resistance and temperature

of SiC fibers in argon



556 3 ERHED, 2 — P RATRE

WIRRZN SIC LR 4L & S PEae

1213

R¥FTE 0.4 ~0.8Q - em Z i), 2 LAR /)N, X 3% W
CVC-SiC 272 iy v BH A6 5 A 0 5 0 e il A 1, i 3
WEARORIE T mE wZE R et o e
Nicalon NL202 £F4 & ik 2 09 5 B4 20nm 245, H.
HC RN N 85at% , i A fig 5 H- SiC () 50nm &
)2 .C & it 95% LU AR L, RIS 48 @& T Nicalon
NL202 1 i BH 2 328 5 T B, 5. Eﬁﬁﬂzmﬁﬂﬁjﬂﬁ H-
SiC 2]-4k.
2.4 BEEBHREMN=EVHRTT

CVC-SiC £F 41w & ik 2 R et 5 e85 WA
K. NI 2 HRa] LI Y, £F 424 50nm (1) & Rt 22 )2 38
W ERSNZER T EENES, EizdEE D,
Si C.0 & BAEHSIESAR A, M Ll C 25
AR B-SiC.C J i SiC, 0, AR N )= 4544
T Aok 5 8 AR ) A D S AN R AL B
BRATEE B SR B A58, AH LU BR A B 7E L A R L 3E i
AR B T PRy B A 454, B B0 i iR
FasE e, I 4 T 274k SRR RS E 1.

EF 2 R ) IX AR ZE A SR TEXT PCS R 4EEA T
T PR ANARL RN A S5 B AN 5 Ak Ak B DA e B I 7 s i
THULH BRI R . FERTIRESE Y B PCS
LY S IACH 1-C0 e A 23 AR A e M [ Hy
FON IR 3% 26 15 PR SR AR #E T PCS 43 H TG TR W
Si—HEg A C—H Wr34E i) Si 3 i 281 Si—CH, H H
Fe IXWRN B BB FRLE A K Si—CH,=Si 4544, M
FE TR A 16 1 S8 BAS 5 AL ARLR) S A A 1
N, FBAr I O FE B O AR I B 5 AR PCS 43 F-4if
e XA R ) i 2 e R A R
05 B RESH ) Si—C 5254, AL A an =X
(2) .(3) R

CH3 CHj3
CH3 CH ~ /\4/

‘\/|\/ + O i Cll-l; )

IASE o

\ SIS
\/TVSII \/ﬁlv

)
_ SITSITS INg

H1F PCS ZR4EAE 30 Ol 1-C B R gk~
BRI — Pl sz 47 Rl i | v 2 B LR ST O
2T A2 WSS S LG 2 BN , o PR ke 51 AR
ZMI OIS O HPIRIZR PCS 7314k |, 20 Bk
TR B 2 1 8 B 45 , T AE 1000 ~ 1300°C 1 i
QLB TR EA B BRAH I AL 225 S Ml AT
(I TR I R A R T T A 1 R 0 e = A K
FHAR AL PSR E .

3 it

4 PCS L EAE A OB 1-C RS AT A I
ik B 5 28w e i A 1 Uk iR EE IR F 2.5 ~
2.8GPa, & & & 4wt% ~ 6wt% , BB 0.5Q « cm &4
(1) CVC-SiC 27 4. £F4E 3R 2 29 S0nm JE 1) & k)2
H 572 40 ~50nm {3 I )2, 7EFE R 100nm A2 47,
LR AR RO TASAE , X Fh R T 2548 5A T R 1 & i
FaE . XAl CVC-SiC 2R 4E7E i s NI AL 7 12
7530 SiC 27 4E BA B4 i i I g 7 e, i HLHAG
F, RH 2 AR 2 IR 3 1600 °C 22 ] A 15 30 {545

SE k-

[1} Ishikawa'T. Comp. Sci. Tech. , 1994, 51(2) . 135-144.

[2}V LiW, Song Y C, Mao X H. J. Mater. Sci. , 2006, 41(21) ; 7011-
7018.

[3] BANES, KKA, 2= M, % FORFIE 4, 2007, 21(2) : 177-
182.

[4] BAEE, RoKA. ZEFEEHR, 2007, 24(6) : 68-76.

[5] Yang D X, Song Y C, Mao X H, et al. Key Eng. Mat. , 2007,
336-338 . 1297-1300.

[6] Papakonstantinou C G, Balaguru P, Lyon R E. Composites, 2001,
32(8): 637-649.

[7] Takeda M, Sakamoto J I, Imai Y, et al. Comp. Sci. Tech. , 1999,
59(6): 813-819.

[8] Bodet R, Jia N, Tressler R E. J. Euro. Ceram. Soc. , 1996, 16
(6) : 653-665.

[9] Shimoo T, Okamura K, Mutoh W. J. Mater. Sci. , 2003, 38(8) :
1653-1660.

[10] Chollon G. J. Euro. Ceram. Soc. , 2000, 20(12) : 1959-1974.
[11] Shimoo T, Okamura K, Tsukada I, et al. J. Mater. Sci. , 1999, 34
(22): 5623-5631.





