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X O RAARRERBEARITT BEKRCCELAMAAR, o PAN RBA 47501k, 5 2] MK #F
BEALEM AR BEARILE BEEAL SR LT EESEE AR C/CL4HR A FhAHE
MR A F BRATTHEOH AT, SRR 22000 BORM L XF 4L TILtM; FRM
WELETY BAGOY T, BRERSABOETRIN.39 g/om’ 1M ERIK, % 50 GPa, KLt
AR BRERGUH BB EOLARSEGEARMWIKT A, ERLBE BRI WRT AR — 8 BR
SR BB EMIE AL B00CH & A A b T2 PAN AbhHed 1/8; sy RILit AL /7 £ PAN %
M 1/60, $EER C/CERMBYGETRASRT PAN X C/C L 444,48 16.2 MPa; K41 R A H
46.6 MPa, B eh 3% & Hik 95.5 MPa, i W L T FRA K — 5,2 10 GPa, SR 4K C/C LoHH A
800°C 4 # % %2 6.48 W/(m-K), 5 PAN £ C/C £ &M 3F ¥ 453k ; /£ 800°C 89 & M Bk & # % 2.18 x 107°/
K,iZ#% T PAN % C/C £ 44H69 -0.387 x10"/K, B2 BREABH AT TAIRRAR BASGY
T BRIKGEPRF EOHOEBKAK BERm CCHEALHBENZAS, AR ZPH/E AL, ¥ PAN
AR BESTHUNRY BG4 C/C LAHH,

XA BB BREXEHS C/CLAMH XL, EHERA

Rayon Based Carbon Fabric Reinforced Carbon/Carbon Composites

Li Chongjun Ma Boxin
(Xian Aerospace Composite Materials Institute, Xian 710025)

Abstract The two dimensional laminated carbon/carbon composites( C/C) are fabricated with rayon based car-
bon fabric ( RCF) as reinforcements, and the properties. including microstructure,, surface morphology, residual ther-
mal stress in carbonization, as well as mechanical and thermophysical performances, are investigated compared with
PAN based carbon fabric (PCF). It is found out that the RCF has a kidney-shaped cross section and curved weft
yarns in micro-observation, and has a non-graphitic structure even heat treated at 2 200°C. The density of RCF is only
1.39 g/cm’, and has a much lower tensile modulus of 50 GPa over PCF. The studies of carbonization show that RCF
has a sustained and positive axial thermal expansion behavior, which is similar to phenolic matrix at less than 450C.
The free thermal strain of RCF reinforced polymer laminates in X - Y plane is 1/8 of that of PCF reinforced compos-
ites, and the simulated thermal stress during carbonization is 1/60 of that of PCF based materials. The interlaminar
shear stress (ILSS) of RCF based C/C laminates (RCC) is up to 16.2 MPa, higher than that of PCF based C/C ma-
terials (PCC). RCC has a tensile strength of 46. 6 MPa and a bending strength of 95. 5 MPa, while the tensile modu-
lus and bending modulus is approximately the same, about 10 GPa. It is of note that RCC and PCC have a close ther-
mal conductivity of 6. 48W/(m+K) at 800°C. The coefficient of thermal expansion(CTE) in RCC is 2. 184 x 10~/
K at 800°C, much higher than the value of -0.387 2 x10%/K in PCC. It is concluded that RCF has a characteris-
tics of rough surface, curved weft yamns, extreme low tensile modulus and a positive axial CTE, which contributes to
a high ILSS and lower residual thermal stress during fabrication processing, and is more suitable to make non-delami-
nated 2D-C/C composites compared with PCF.

Key words Carbon fiber,Rayon based carbon fiber,Carhon/ carbon composites ,Carbonization , Interlaminar shear strength
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Fig.1 Cross-section of rayon-based

carbon fiber made in the US
EEM 1971 FEFHTHOMK CHBERK R
ML ZMTL AL % C/CHEAMH, HEXR
PR 22 BB 4 4 (Thomnel - 50) £F R 38 3R {89, 3F
F 1981 EEFRELESH X CH EH KT
T, REERBRLERAERRD R L
FRHRAHTE 20004 $2H

ERAROBRBNERTFERICY,

X1 RERRFNTNELEBTHIEME L
Tab.1 Comparison of rayon-based carbon fiber
made in U.S. and Russia

W WiEAE R E e e Sk

HR /grem™> IRE/MPa BIB/GPa /% BR¥/10°°K"!

*H 1.45~1.55500~1000 25-~40 2.5 3.5

BRI W
( Buckym—n)

- 1200 ~ 1500 30 -~60 0.4 ~0.8 -

2 3 LA AR K BT & shPLmE B R e b s D L
BHROHITTHREARKG R 4% C/CHEAMN
(2D - C/C) B3 ; 3+ 5 PAN BBk m it 1T LG, 434
WA T R 2 BB AT B ORGH  R T TE AR Y3
HEESS, TIOT T R B R M e L B P
BB, L T TEERPRHRE SR K
N, FFRKEAMB C/CHEAMBMTTRET
2 BORGH M RERIESEX AT HIBT R,

2 X
2.1 EMHE

PAN £ 3K B4 4E R 80 Hi , iC X PCF, Rk A#AE
HEEER I AR

BRusms KRG T IR ERBAF L&
PE LS, G2 MG E 2 200C LA 1, i2H RCF,
AN AR BRAR.

2.2 #EIEM

2D-C/CHAMMMBI & T LHBWT &4
ZEARE W B R e i B R B, B J5 dk 2 i () 32 B Bl
BAR,MERLEBAMERE S (PMC) B
BER S mm R, FHEBECN 50% ~55% , 43 5
LN P-PMC & R -PMC, #ifgH MiHl kLot mik.
PAbH CVIBFEL, BEH M 2D - C/C HGHH,
4r5lidk PCC & RCC,

2.3 MEESFTRK
2.3.1 ®A(BRTE) Rl

KR X - BRATH 5 BIX AR AL BB #) PAN
HRRAT R L BRA R IAT T WML,

Mt &H B ME PMC FAEMREH#ITTR
fiE

WK T ARG HERNABE L. RASHE
WMENK T RCF MR LHBRRRYEATERE.
PR TR R SRR AR EH PCF MDA
EFIBIER, BB AhLRER S 3T A PMC fr {4 RE
X, 4> DU TET B 22 BB Ak B 3R JE AL i
i,
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2.3.2 miIBRHER

FRAKEKOURER, JiR T 5/ BRE bR e 51k
ARPENIRTEL(EHRNE), RERT 2
@5 mm x25 mm, MiXH] 800°C , W 4T P - PMC.R
- PMC 3R {Lt B MBR RN S BT
2.3.3 C/C HAHEIHMR

RAHEK BB/ BB A R AL AT BB R
BT R C/CHAMBRNEE#T T HR,
PCC .RCC 23147 T 2 18] 3y V) 3R BF | hr {5 38 B e
B EHBRENER AR KREKRARSHENR
o

EWiEEMR T30 mm x8 mm x5 mm, EJH
BRI F BRI, PR TR AR, EE
5 mm,}rBEH 43 mm, F 10 mm, iR £ LS4 180 mm,
Tt RAZ ST, KERTE 70 mm x 10
mm x5 mm, ZWKRBEXER TR 65 mm x25
mm, AN ; A FRIAERTE 610 mm x3 mm,
JELE 5 T R, 34 B4 BE IR = 800C
3 ZR5i1e
3.1 BRAKMHMERIH

St PCF K& 1 800.2 500°C 4b ¥ J5 #§ PCF!'* |
RCF #4177 X SHEEMT ST 5047 , 2 BIWHR T 2 81 BE d,,
BGIRRE L ERNE2 iR,

N2 WAS X HRITHIFER
Tab.2 X-ray diffraction of carbon fiber

“ i dgg, /nm L./nm
& PCF 0.3531 1.5
1800°C 4t 78 PCF 0.3470 3.3
2500°C 4t 5 PCF 0. 3406 14.9
RCF 0.3562 1.4

F2RU HERLERBEMNHE,PCF KZH
BEAEWU/] (B P42 2 S00°C A0 7 , H A BALE IR R
. RCF £ 2 200C# 4L # 5 EH BE K F 0.344 nm,
KA IO B, PCF.RCF 3 LIA BILEH
HOBM R AR RS R RER" .

3.2 WRAH(BH)EHEAR

XtEMEE PMC #1T & HBRHNE SR LE 2,
MR 500 ST, 7T i PCF B M7 i &
B , M RCF BEb i R AERE , EE 7. RCC hrfi
WMOR#HEERORAFENTEE TR, Wh 3
FAGEREAE -V FRBRHE, XFAHN G EE
EREMNTREEASHERYZEEE. S8
A RI& R B RCF WA B2 KT PCF, 530#k( 2 144
A RCF MEZR 11 pm EAMF,
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(b} RCF
B2 GETHERMT A& A OB 500 x
Fig. 2 Metallograph of carben fibers in cross section
B3 RAF R PMC &M B R A R -
PMC r— T m & 8 B R E R B H I
R, P-PMC N2 ZZGLZRERBER, L2
gamARR,

(b) RCF
M3 BAZGYRESHMBETEUE 50 x
Fig. 3 Metallograph of warps in carbon cloth
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3.3 BRETHE (W) WIEMEAELLE
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g/em’, PCFRYF R 1.76 g/cm’, RCF MHF R
PCF {i 20% ., RCF FR%E 2B HIEABULEmR
EHR, F2 %W, RCF BZBEER 0.356 2 nm, KK
BT A BEWHIER 0.344 nm, [ 7T H 454 ) Bk b
B, ML AR L, I EEES,

%t—3K RCF B ELfE w R, k&M B S
ST RBOEITIER, G R 0T PR %01 933, BJ
Mt RCF M4 F 2K Bk 4,

% 3 & PCF .RCF ¥ R4S R . B RCF
BEAR 2K AELAR, B THEERBHREYE
FESeE, B ek i % B E & & T PCF, PCF
M T 24 LR EMS, NMEss b 1w g
A%, RCF 24 B EME—F¥, B4 WP
SRAMAHE %,

£33 BRHYEHEELER
Tab.3 Physical properties comparison of carbon cloth

B EEE SEEE/R-(100 mm) AR 11/N
/mm /gem #1) B2
PCF 0.35 270 80 80 1980 1880
RCF 0.49 350 140 70 675 317

3.4 RCF H i@ gl N

MTF R AR, MAEBRAE, YCRAE L
hrfdipk R R RCF MR E SR A — E W ExME, B
RIEE 3 FrnBBRAHLIR F7%% H & PMC huffi &
BIX G, ATASH RCF A s i i, ARBEHR 3
MBS EE 50 mm TR MBLIFR S RERAF %
B9 SRR, B PCF B9 h (58 B & 3 GPa, W AT {5 th
RCF 51935 FE K 880 MPa,

& 4 £ P-PMC.R - PMC ${fHEREM LS, A
Fili P-PMC MBLH5REE R R - PMC 2.3 f%,/NF
3 3 iR LA R 3 ~ 6 FEIBUE, X S/ B
MR EESRER X, B4 ZHEFEMH PMC 1

B EEA,P-PMC P HERABRER-
FHMBTY, 20014 %28

PMC 8 f§.
300 BRCF
o 250 J100 «
& 200} O PCP {so &
& 150} 460 :
& 100 440 #
50 20 &
) ~l

1 2

P14 P-PMC J& R - PMC $i 35 FIME Bt Ho 42
Fig.4 Comparison of tensile strength and modulus in PMC
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Fig.5 Relationship between free thermal strain and
temperature in PMC
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P EIRARIAR ST K/, B RS Rm , BL
P - PMC (3Pt R 70 GPa( 5 4 Rk 4 BA—
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i BPRHE 400°C #) B K #5; J1 9 0.9 MPa, 7E 800C
BIFARE S 0.1 MPa, HERRHLRL 1
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MERR, RULB PR ERKBEERR, BX
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3.6 C/CHEMEMRELR
3.6.1 BERFAE

SR P BT 5 0 8 5 R 0 9 K T P R g A O
PMC 5 ALJG BB /G 2D - C/C MR R FF LA, 1L
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SHREREREN,
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Tab.4 Comparison of density and open porosity

PMC wALfG 2D -C/C
A #HHEG2D-C/C
EE/ geem™? L%/ % ®H/ goom? L%/ %
PCF 1.46 3.46 1.28 26.02 1.52
RCF 1.26 3.02 0.98 32.65 1.36
3.6.2 NEitRE EMEERTERS,
PCC.RCC M2 B3R hr ol B MBI R 25 h 58
25 2D-C/C HEAMHNELRELR
Tab. § Mec_hanical properties of 2D - C/C composites
hribEfE y i PERE
Haus B 53R AF/MPa ¥ el
R/ MPa Bifk/GPa iR/ MPa Bi#&/GPa
PCC 14.2 138.3 73.2 142.2 30.3
RCC 16.2 46.6 11.8 95.5 9.1

#5 MWL RERY,RCCWBEIRER T
PCC, X SRTE M HTHY RCF ML - B EHIK R
BWTEEE Y A ERETH N KA S Y
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Fig.6 SEM photos of tensile fracture surface in RCC
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Fig.7 Comparison of thermal conductivity in
2D - C/C composites
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Fig.8 Comparison of CTE in 2D - C/C composites
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