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Progress of High-Thermal Conductivity Carbon/Carbon Composites
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Abstract Carbon/carbon composites are attractive candidates for heat dissipation due to their high thermal con-

ductivity, low density, low dilatability and excellent mechanical properties. The paper summaries the research and

development of high-thermal conductive C/C composites domestic and overseas, the thermophysical properties of C/C

composites and the factors affecting on thermal conductivity are discussed. The thermal conductive mechanism of C/C

composites , carbon fibers and matrix carbon are introduced, and the preparation and modification of C/C composites

are also recommended.
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Fig.1 Curves of the lattice thermal vibration
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Fig.2  Curves of heat conductivity of C/C composites
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2 ®C/C EEMBRERMEE
2.1 IR
2.1.1 BRAGEERTE

RINHENE SRR 27 2 2 th SR I IS 48 B L 2R
B O TAS BN R A8 AR G RN SR 5 4
YERN Y 22, FAE AL G A B R BR AT 4, B2 2 T ik
i P B ] 2RI 23 B2 ey, LR R R SR M
LR LT 2 5L P 5 0 124 R B, TR 25 AR s 34 5t 40
W )2 AR HSCT R IR R, W55 Amoco 23 ]
2771 Thornel T300 1 T650 % PAN JEf 21 4 1) fh
MR R 5 14 W/ (m-K) ., HAKIEA H
AT PAN SERREFAEAh I AT 7 ~ 150 W/ (m-
K) "*) Celanese 23 &l 42 7= i PAN JE i £F 2 (i #4 :
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L R P AN E o o A 7 O Y e o e
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DN FEDIT & G R I 900 W/ (m-K) BT FEaR LT
Y IEIARSAE |, i BRI B H AR IR 2 R R
FHEACRED S FOAREH 48 TR 22 5 10 wm (A3
FA Y, HAARE AR B HIfS T R 4 ~8
wm [ MRS U T SLRR AT 4k R PSR E N 4.0 GPa,
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R
(a) P55

Clemson K Edie BF 5% A BN il 5 1) 96 B A 20
~30 wm B ERR 0 7 B IR A SR AT dE ) IR AT
HEIA 800 ~900 W/ (m-K) o 15 T A 77 HEBRET 4
AL IR 56 [ BT SR R R PR B Bk 41 4,
SRR 1 Fs
%1 Z[E BP Amoco 2 FifE BT HER SRR
Tab.1 Thermal conductivity of pitch-based

carbon fiber in BP Amoco corporation

RS MER/W-(m-K)™' LRFEE/107°K™!
P-25 22 -0.60
P-30X 50 -
P-55S 120 -1.3
P-75S 185 -1.4
P-100S 520 -1.45
P-120S 640 -1.45
K-800X 800 ~900 -1.45
K-1100 950 ~ 1100 -1.45
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Fig.3 SEM images of MPCF
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2.1.3 SHEEKLYE(VGCF)
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G AR TG , 7 el T B AR e (T
Bt AR5 ) IR A SR I Y AR s A R i
BEAER VGCF R # BAR & iU e 5 0o Hph & ¢
A, 25T T B 35 1 950 W/ (m-K) ,7E 160 K
i, VSRR KBl 2 500 W/ (m-K), % 2 4 VGCF
FHE GRS RN G

#2 VGCF RESAMBHMERHASE"
Tab.2 Thermal conductivities at room temperature of

VGCF and its composites

Zps VGCF R 8/ %  #4F:3R/W(m-K) ™!
VGCF - 1950
VGCF/Epoxy 36 695
VGCF/Al 36.5 642
VGCF/C 70 910

2 ERY Ting %7 ] VGCF 5HEMIsHTE S
i85 C/C EEMB, HAE = T HM G KN 661 W/
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: \

y /
L
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Fig.4 SEM images of CNTs

2.2 EiK#

C/C EAMBE I AR 24 = Fh . BHIR ik |
PRI T e, S, B BR AR A 45 ) [m]4 , (H o ]
DA BE B ) B ) R FE AR Ag S B T 5 454, R
ZH G AR T 5 T 328k, I FBL7E i N AR M7 55
b BREF 4 S B B IE B 52 A B4R, SO 45 ) A
45 AR Bl AL T2 AR iR 2 & AR AR K Y A8
b PR AT = Fh &5 44 43 ) R ALRE )2 454 (RL) |
G IZ 45 (SL) 45 [l R PESSF4 (1S0) o W 7 B P &
2% L MEAN A R 2, I L BR iR BRI, (HU2:
S84, 5T 5 PAN JRRE eSS A i HAEWOE T
B m stk Wil e o A s, Ui
T FR AR R 0 EL e [R]AH 0 EL A A 0 A AR )
A2, By TR L S

TR HGR I R E ¢/C EA MR EA R
S 23 A I A B Y rL e S | DRkt P EL A 4 2

FHAME TS http://www. yhelgy. com 2014 45 45 1 3

REROA GV N SR =S5 g2 | F & R H
e B U T B AT K 22 S5 R ARTE 400 ~ 500°C 11 1
SRS E A R C/C B AMEBHEAR, 6l B A
o S A ] o 2 R | R B e, EEE
THEATES, TSNS R TN c/CE
GRS R F RN R LB C/C Z Gk
PR FEN KR CVD PUiRmsi i, B RL 45
PR 3 B LR Bk 19 52 5 A B A R A 5 R T A
NUBRZE T R R FEARBR S5 H X C/C B A MRS
PERERYFZ I | 45 R 3% WIS BE ik 5 61 2 it L,
REREK 5B F AE 25 & R 2%, PUC B R N 7 A 551k
IR, BEFAA PR BE 00 T B R Bk B A T AR
i,
2.3 WEMELEN

WREF Y S — e RL, AT T I S B — 4k |
Yk LIRS R B



M) - R R e 2R AP B, DR bt 50 ) 4 1 i Ao
e EER IR,

5 St J SR SR R R e 2T 2 B i
)2 3 FothARLS I C/C ARG T3 MR
HEAT TR, R BRI SE R X 4 R R PR RE A TR K
S, B JRIRATGEAE xy 10 TR R, 2 A
FEREAREEAE 2 TR & vy MR TE)Z
A s FLEF LS R Z5F0TE wy ] FCF BB A, 2 [
SRUCT G R R B, 35 T 2 J2 A, Wajed Zaman
SR USRI PG IR U AR T 7 A 3D -4 Tl
C/C EZAMEE IR T HAEA AR BT AR A
TAEE G5 SRR AT AnT Jy 1] A A2 I Ol B %) - o i
5, I H vy [0]5 2 [ BOIREEAH 22K T a7 o] A A
SHREET 2 7M. Araki ® W& T —4E 10 BT
FAN 500 W/ (m-K) B =4k C/C BAFRE, =4k )
EFHELLAON 5 21 1, SR £ AR A i T 4k ¢/
C EAPIRH 5 SR S0 SR P il 12 4 40 = 4k 1Y
] 21 28 T il A | 28 8 F 0 7 = ot e AL B0 A T2
(HIPIC) H1153 B 4D C/C E &M R, BF5E T A8
Bl P ERPERE BB IRIERE  OF BT T MR B
LI, S5 RE R g C/C A A R 1)
(A IR BE A TRLBE B T T AR, A R R 1
FHET NS T R ELBRL 0 R B BRTE & IR I T AR
SE
2.4 FE AEERIB.AEUERES

C/C B AP I T RS Bk a Fh 2 I 2F
WA O 3 SRS AR R K AR IRB 8
MBI HEEMASABRESHNEAG S Z% 00K
AU R AR T ¢/C B A MR
RGO BAEZ RN ER PRI B IERE
iR R B AR R A R B A A A e Ak
FAHR S, C/C A MEHE O TH 2315 3035 R.
Luo, L. M. Manocha 2 WK T C/C & &M RHE
TR TR I —BOA IR R R P T 38 1) E
BRIE, BEENTE Ak o 540 20 1% i i e Bt o 305 2 7
PRI, DRI 75 - — 7 - () S IO 385 o, 32 1 4 S %8
B IR ST PHAE VRS T BEAR B C/C E AR
PR IEHT T C/C A MBI R 5 % R
R BRI T —E B BTN, C/C Eah Kt
(14 A 258 o 28 8 P oo v, A SR 8 R ) ) %
REARTFE RN R R % B i AR5/ C/C
SAAEH ISR/ N T A — R B T 1% B2
FERL; BRI UL 25 S % (CVI) 36 2% 5 R il 4%
THE C/C E A MEE, KB R 25 4 07 0] i 1S
FRAEAN ) R PR 5T R BE 2T 48 R R 3 B0 15 i
Hhn, WA R LR 4T 1) A AT R A A AR AL 3R
T B2 LA FR 53 50 A v T G 7 R A B
N RN AR i QR T = e ) | R (AP (RN

VTR T C/C BAMRNE R E] 800°C B TR
K Fm R s R ESC R BN ¢/C &
BME R AT A B IR R v 1T AN, R T AL
/N A B EE R Y C/C B A MR T AR R] O
B RS T 585 MR I TR K

2.5 BB C/CEAMBNHETE

ke 1 SC A 8 I v AR TR B 4 ), S R AT
A hytng ik, — LR E & C/C FRE G R,
FERFSE T IERLHE = O R84 L C/C 2 G #k
IS, 25 R e AR AR B I 5 4 () i 2 ]
DL BT IR AT A AR AL, i 75 5l ] S AR e A7
JP AR SRR A R AR R A TP HES , Y s ISR
FEoh 31, Bl A S R K E 115.5 W/ (m-K) , %)
SEPE IR 1.2, LT EUAR ¢/ C B A MR EA
2 AR ) 254 AR 1) PR T A

ik 2 2 45 03 3k R R T S A P TR R O
3 c/Cc BEAHMEIEFR T BT Ti-B =Fk R 1Y
fefb A s fb R 45 R 3R W], 260°C T 48 Ak b 3 Y v
[B)AH W T 41 4 28 205 B RS T 4l &t s VR R 1Y C/C
BARE ] Ti-B bR RS R, 7L
AT Hl A B TR 515 996.45 W/ (m-K) ,

Zhang Jincao 22 [60] AR CVI R4 T H Tso-
tropic (1SO) interlayer F1 Rough laminar ( RL) £H i 1)
22 C/CEAGMEL ISR T H IR iR
2E LRI | Isotropic (1SO) interlayer A A G R T
BZJZE C/C EAMEHREREREL,

BEMSAE R KRG W IR A M 5
RS AR R 22 CVI AR BUR , AMUHR% T C/C
AR AT R Al AR R AR = 5% L)
t.

R. Jimbou ™ BF5E T AJ FH TA% B8 ARk o — B kA
B C/C AR, T 1 700°C PL B IR T R
B, C Ffi A il #5114 C/C BA 8, H 400°C D L B
TR T84 B,C 1) C/C EEHEL

Chen Jie'® Xt PAN JEfk £F 4k 21 4 FH 00 2 b B
252 500°C 1 BALAL B CVI B3 6l 4 C/C E A H
BT C/C B A MBHEA R A 5 R 2S5
B BIEG |, TR s R R 2T 24 AR =2 [B) A B i
R XK S C/C A M BV T R
= o

J. Michalowski %'/ 18 5o Y FH 4= ¥ 73 1 A g A0
PBENBRIEARR CVI T 2456 & ¢/C EE R, 45
SRR e R ik IR SRR CVI T 2611 C/C
BEMELEA B ATER [F] I 2 AN FR i FE X6
HIWG ARG EEY

J. Chen'®' 43 HCE MWNTS WEIgH IR 357 i 2T
YT AR & C/C B A M OB, BFa R D
MWNTS 7] DL E 5 C/C ARG Rt H

FRAEITZ hip://www. yhelgy. com 2014 4£ 55 1 1)



TR EL T AR AR Ty ), 3 Z2 19 MWNTS ST ASFl
C/C ZAMBHATRIIER .

J. W.Klett 5 D. D. Edie'® R FH ek K% 2 T
20 R A R TR 2T 4 A7 52 4, 45 1
WP 1D C/C BEAHRE, 4 2 400°C £ BALAL HL S | -
FTEF 4By ] b TR AEH R T 43318 80.5 il
135.5 W/(m-K) ,

I. Golecki %517 % H] MPCF “F-4r M 4% 80 , &4
JER B CVI BUE 5, 25 1 800 ~3 000°C FHu b H ]
B 2D C/C A PR, HLE i 1 17 #4533k 400 ~ 700
W/ (m-+K) , 1 3 L [ 4 20 ~70 W/ (m-K)

D. A. Bowers 251" %f MPCF 2. [i1] 4 HE 15 )2 2 1
JEfil & FHD C/C EAEMEH HE IR G R i 5
ik 851 W/ (m-K),

75 BF 450570 36 T D 7 T300 2% PAN L 2F 4 1
il 32 -a ik - A B AR T c/Cc BEMRLY
ZRTH T300 BREF4EH 45 B9 C/C B A # RIS R A1
R

IFAEO - LB T WA & S e EAM
RO T2, —Fp s b (A 5 Sk 4T 4k 5 v ]
FHI T 5 RN B 3850 Ja AAASE e i 8, i Je o) ] i a2
R 12 B - AL AL B, B 1 TR A SR Ak Ak 2 7
REF c/c EE MR, EE S RS 7 a#E R
A3k 379 W/ (m-K) , 5 —F 20 b AR I i S 1)
22 5 2k A BB TR AR T 3 — 2 LU TR A A
JE , fJ5TE 2 600 ~3 000°C A Hl 5 S c/Cc B4
AL, DA T R R ] ] ) 5 R IR R AT K 432
W/(m-K) .,

2.6 HEMC/C EEWMPHIME

C/C EAMBHEMLES ¥ I —Fh 2 AR
RAY, HAL THERE 5 M RHW 2544 2 VI A O, v] LA
T AR T8 2% oM SR TR R A S R AR AE , DT
Hil g m TR Y c/C EA ML, MEA LR
JE BT IOWEE R FLBR | i S5 34 25 i i R
PPERE, DRI X AR AT O SR R = C/C BAHM
BH A SSEREEE B EE IS BT R PR Y £L
BRI BpE

IS NP 5 LA ST Ze HEARZL T, b 1R A
2 600°C AR BEL, 1 il 5 A MR T
7 A RG] 3K 494 W/ (m-K) |, 3 B BFSE 3
MRME SR SRR R T K INE IR G AR 1

Liu Zhenyi %™ % ] T300 B4F4E, % CVD 5%
JETEA ALJGIREIFT AL 358 C/C EA MR & 54k
FIHGRA A 128 W/ (m-K) , 42 RS & i1
FSELIRANI=

Osamu Yamamoto ' 45 T C/C—WSi, &
BEIFIE T WSi, X H AT R AT | bR T % 15
M4, SiC 78 & A AL 43 BOM WS, 78 O B
FHIMEIT.Z,  http://www. yhelgy. com 2014 4F 25 1 3

A RS2 52 A AR SR R R

A. Centeno 7Y T 482 A TiC 4K BRI 2D
C/C EBPR G RR P IT R 142 Ths )
185 W/(m+K) ,

J. L. White'™ ZIAE C/C 7 824k Het rh {5
W) SR JE D R R A 8 )2 BB 2 W) VS el A
IR 7 454, P BT R FEAT

Li Jinsong!”" XoF & 47 A [6) J £ 43 %% CNFs R £F
Y1y e H R N R ECVI T4 % ¢/C B4
FABE, B CNFs 55524 Swi% I, C/C A M EHR
AT AR IR RCOR A EL T B ONFs B3R C/C 27
FORHME XY [6] F1 Z 1] #4452 28 B0 die B8 I 23 31l
24. 1% M1251.3% .,
3 #iE

AR 23 6] RAT & 25 B 4 0 i 2 C¢/C &
AR R 5 HARSS  BEANGAERC T T
W C/C SZARBHY TR AN I, B 15 72 G B i b1
Fi8 ) T D)4 BR T S 8 3 RS, AN oA 2 7 e
AR — Bt (8] R [ 7E 5 4 C/C S5 BRI ) F
7 1) E s v P R T AR 0 7 105 R i S A
TIOR8, & 5 OCER T TR L4 5 iiF &
T, Pl S R £ 4 F s S48 C/C 2 a8 R R R L
2G| B RARHITBE T A A A R, Al T
TR TR ) e SR AR, B — L AT 227 R AL
S SRR AL, B2 T+ B0 v S AR
KA IS S B e S B AT 4R RS 8 C/C BA M
BHE ARG, 19 12 [ Bl U 25

S 3k

[1] Lu S L, Rand B. Large diameter carbon filaments from
mesophase pitch for thermal management applications[J]. New
Carbon Mater. ,2000,15(1) :1-5

[2] i, ST IR E L RE b £ 4E 75 R R A SR 1 TS
RULLT]. AR E,2010(9) :19-24

[3] Hino T, Akiba M. Japanese development of fusion reac-
tion plasma components[ J]. Fusion Eng. Des. ,2000,49(2) .97
-105

[4] Manocha L. M, Warrier A, Manocha S, et al. Thermophys-
ical properties of densified pitch based carbon/carbon materials-1. u-
nidirectional composites| J]. Carbon,2006,44(3) :480-487

[5] Gao X Q, Guo Q G, Liu L, et al. The study progress
on carbon materials with high thermal conductivity[ J]. J Funct.
Mater. ,2006,37(2) :173-7

[6] Hino T, Akiba M. Japanese development of fusion reac-
tion plasma components [ J]. Fusion Engineering and Design,
2000,49(50) ; 97-105

[7] Murakami M, Nishkin K, Knakamura K, et al. Highly-
quality and highly oriented graphite block from polycomdensation
[J]. Carbon,1992,30(2): 255-262

[8] FBAaxbt, KW, R, 55, HEME IR D
HT=7U JH ¢ HE 11 % 45 5 (R MORHIOBIESE [ 1] 80 AL e b1 L,

— 21 —



2001,16(3) : 64-68

[9] Li Tongqi,Xu Zhenghui, Hu Zijun,et al. Application of
a high thermal conductivity C/C compositein a heat-redistribution
thermal protection system[ J]. Carbon,2010(48); 912-928

[10] P, s s HOAR IR B Sy [0 ], AN
i5,2009,31(5): 1-6

(117 95055 phol s B R, & 534 T/R L08R 4
PR BUR B T (1], AL TR, 2011,27(1) : 7-11

[12] wlEng , S84 5, XU, 45, SR ph Rk RO BIF S E
JE[T]. TheER L, 2006,2(37) : 173-177

[13] Xiao Min, et al. The influence of thermal treatment
conditions on the structures and electrical conductives of graphit-
eoxide[ J]. New Carbon Mater,2004,19(2) : 92

[14] Ma Zhaokun, Shi Jingli, Song Yan, et al. Carbon with
high thermal conductivity, pre-pared from ribbon-shaped me-
sosphase pitch-based fibers [ J]. Carbon, 2006,44 (7). 1298 -
1352

[15] Luo R Y. Friction performance of C/C composites pre-
pared using rapid directional diffused CVI processes[ J]. Carbon,
2002,40:1279

[16] Siron O, Chollon G, Tsuda H, et al. Microstructural
and mechanical properties of filler-added coal-tar pitch-based C/C
composites: the damage and fraction process in correction with AE
wave form parameters[ J]. Carbon,2000,28 1369

[17] R B A A= M. B FiRAE
A A, 1981

[18] Savage G. Carbon-carbon composites| M ].
Chapman & Hall, 1993

[19] FiGM, A%, BE. C/CHZAH MR AL
FHARLE T[], EAFORR,2012,29(1) ; 49-53

[20] Gaab L,Koch D, Grathwohl G. Effects of thermal and
thermomechanical induced mechanical changes of C/C composites
[J]. Carbon,2010,48(10) :2980-2988

[21] Palaninathan R. Behavior of carbon-carbon composite

London :

under intense heating [ J]. International Journal of Aerospace En-
gineering ,2010,10; 1-7

[22] BREH, 45 S AR 50 AR £ 4 3 5 525 b4
B SERETUIN A8 A ()] A BR 241, 2009, 26
(4): 151-155

(23] Wi, BEFH, M MG Hml C/C EE MR AR LR
W], REHAR 2008,2(27) : 1-4

[24] XA KRN 64 WERIERME ¢/C 24
FORHAB P 25 A R R S LRI [ )], &2 & BRI, 2010,27
(3):43-49

[25] WHER,G& P RER. C/CEEME IR %
R =R (V] 2 AR ,2009,26(1) < 113-117

[26] Hideyuki OHNO. High performance pitch based car-
bon fibers and their application[ C ]. Verbundwerkstoffe; 17 Sym-
posium Verbundwerkstoffe und Werkstoffverbunde, 2009; 265 -
269

[27] Gallego N C, Edie D D. Structure-property relation-
ships for high thermal conductivity carbon fibers[ J]. Composites
Part A,2001,32:1031

— ) —

[287] Pierson H O. Handbook of carbon, graphite, diamond
and fulle-renes[ M]. Park Ridge (NJ): Noyes; 1993 .:40-60

[29] Adams P M, Katzman H A, Rellick G S, et al. Char-
acterization of high thermal conductivity carbon fibers and a self-
reinforced graphite panel[ J]. Carbon,1998,36(3) ;:233-45

[30] Gallego N C,Edie D D, Nysten B, et al. The thermal
conductivity of ribbon-shaped carbon fibers[ J]. Carbon,2000,38
(7):1003-1010

[31] Minus M L, Kumars S. The processing, properties,
and structure of carbon fibers[ J]. JOM,2005,57(2) : 52-58

[32] XK, s sm ] g, A5, wp R AH U i 47 44
) SRR 2 R JE LR (0. AL TR B A KL, 2011,39(2)
84-87

[33] ZULHY, 5FRL BE %5, 45, AR b () RH O 7 4k
TRLTAE R WOEEF 3BT (1], ThEEREL, 2011,10(42) ;1806 -
1809

[34] Bk, BOEZ BT & SO R D e AR
FEHERELT]. MOERRAR,2005,19(11) : 69-72

[35] Ting J M, Outh J R, Lakem I. Lightweight, highly
thermal conductive composites for space radiators[ J].
Engineering and Science Proceeding,1995,16(4) :279-287

[36] Nysten B, Issi J P. Composites based on thermally hy-
perconductive carbon fibres[ J ]. Composites, 1990,21(4) ; 339-
343

Ceramic

[37] Chen T,Roditchev D,Sacks W, et al. Influence of dis-
order on the local density of states in high-Tc superconducting thin
films[ J] Phys. Rev. Lett. ,2000,84 .148

[38] Li W, Long D H, Ling L. C, et al. Structural features
of polyacrylonitrile-based carbon fibers[ J]. J Mater. Sci. ,2012,
47(2) : 919-928

[39] FmENI, B8 250hF, B 152 B ah oK A8 1 R K v
(1], FPER A A 2001 (6) : 29-33

[40] Che J W, Cagin T, Goddard W A. Thermal conductivi-
ty of carbon nanotubes[ J]. Nanotechnology,2000,11(2) : 65-69

[41] Berber S, Kwon Y K, Tomdnek D. Unusually high
thermal conductivity of carbon nanotubes[ J]. Physical Review
Letters,2000,84(20) . 4613-4616

[42] Kim P, Shi L, Majumdar A, et al. Thermal transport
measurements of individual multiwalled nanotubes [ J]. Physical
Review Letters,2001,87(21) : 2155021-2155024

[43] Osman M A, Srivastava D. Temperature dependence
of the thermal conductivity of single-wall carbon nanotubes[ J ].
Nanotechnology ,2001,12(1) ; 21-24

[44] Chen Yumao, Ting Jyhming. Ultra high thermal con-
ductivity polymer composites| J]. Carbon,2002,40(3) ;:359-362

[45] T3 XML, 280, A5, i/ A R AR R
N R AIITSEL )] FAE R ARG T ,2003,32(3) 1213
=215

[46] Wridki, BeXH, M MS. A[FFLAKGR XS B C/C A H
BHFAPERERE ML) ], TR T.Z,2008,38 (1) :47-50

[47] Luo R Y,Liu T, Li J S,et al. Thermophysical proper-
ties of carbon/carbon composites and physical mechanism of ther-
Carbon, 2004, 14
551

mal expansion and thermal conductivity [ J].

FHAME T http://www. yhelgy. com 2014 4F



(2):2887-2895

[48] Zaman Wajed, Li Kezhi, Ikram Sumeera, et al. Mor-
phology, thermal response and anti-ablation performance of 3D-
four directional pitch-based carbon/carbon composites[ J]. Corro-
sion Science,2012,61:134-142

[49] Araki M, Kube Y, Sato K, et al. Fusion technology,
1996 R]. Elsevier, Amsterdam, 1997 :359-362

[50] R, 2= M, 200 5. ML mE C/C Ea
PRI B S et PERE [T ] IS IACK 5 B2 AR, 2011,34 (1)
113-118

[51] Katarzynap B, Anderson K B,Szymanski T,et al. Ther-
mal analysis of bulk carbon-carbon composites and friction prod-
ucts derived from it during simulated aircraft branking[ J]. Car-
bon,2007,45(3) :524-530

[52] Gy B8, BAA = . AR R E5 I ¢/C &
B A S BB LB ) ] P A G E R
#,2006,6(6) :929-936

(53] skm ¥, ®fH =, SR A8, 5. AN B2/ Bl Rk 2
B SRRR S A SRR RR[T]. IREH R, 2003, 34
(4): 464-468

[ 54 ] Manocha L M, Warrier A, Manocha S, et al. Thermo-
physical properties of densified pitch based carbon/carbon Materi-
als—II. Bidirectional Composites[ J]. Carbon,2006,44(3) ; 488
-495

[55] BKSFRH, 228042 PN, C/C 35 BERR BE AP RHI A
R EERERTSE[ T ], Eap R ,2002,19(5) : 43-46

[56] BiRift B, M IS, 21 e R Kook fiyi ¢/C B4
MEFRRARB [T, bR Dl K224, 2008,34(9)
965-970

[57] HFHEH, L0, 252, 45, ANIF] T300 Sk 2T 4t fh
Pk C/C AR SRIERELT]. THM BT Z,2011,41
(2): 113-116

(58] 5K/™3C, eMabk, A JE , 4. HRATIKAIE X C/C
EAMESIRE B[], BEacAE,2012,35(1) :73-77

(597 sk, XUME, IRAAR, 4. o (B AR I 75 2k i 3 Pk
WEdle ()], B#EEARS T ,2010,20(10) ; 4958-4972

[60] Zhang Jincao, Luo Ruiying, Zhang Yunfeng, et al.
Effect of Isotropic interlayers on the mechanical and thermal prop-
erties of carbon/carbon composites[ J]. Materials Letters, 2010,
64(13): 1536-1538

[61] HEMy, PRk 42, M. C/C A A S B0k 1T
ELILEREL ], A RRR,2008,25(4) ; 101-105

[62] Jimbou R, Saidoh M, Nakamura K, et al. New com-
posite composed of boron carbide and carbon fiber with high ther-
mal conductivity for first wall[ J]. Journal of Nuclear Materials,
1996,233-237.781-786

[63] Chen Jie, Xiong Xiang, Xiao Peng, et al. The cata-

lytic effect of boric acid on polyacrylonitrile-based carbon fibers

FHAME TS http://www. yhelgy. com 2014 45 45 1 3

and the thermal conductivity of carbon/carbon composites pro-
duced from them[ J]. Carbon,2010,48; 2341-2346

[64] Michalowski J, Mikociak D, Konsztowicz K J, et al.
Thermal conductivity of 2D C-C composites with pyrolytic and
glass-like carbon matrices [ J ]. Journal of Nuclear Materials,
2009,93.47-53

[65] Chen J, Xiong X, Xiao P. The effect of MWNTSs on the
microstructure of resin carbon and thermal conductivity of C/C
composites[ J]. Solid State Sciences,2009,11:1890-1893

[66] Klett J W, Edie D D. Flexible towpreg for the fabrica-
tion of high thermal conductivity carbon/carbon composites[ J .
Carbon,1995,33(10) 1485

[67] Golecki I, Xue L, Leung R, et al. Properties of high
thermal conductivity carbon-carbon composites for thermal man-
agement applications[ C]. High-Temperature Electronic Materials,
Devices and Sensors Conference, San Diego. CA, IEEE, 1998 .
190-195

[68] Bowers D A, Davis J] W, Dinwiddie R B. Develop-
ment of 1-D carbon composites for plasma-facing components[ J ].
Journal of Nuclear Materials, 1994 ,212-215; 1163-1167

[69] XIBH, = ey, 264 Bt —Fh i S 440/ 2 & 41 8
il & ik P, 200310109699. 7

[70] XM, e i , WAL 5%, 4. — R bt o] & v & P
B/ B2 A PR TR P, 200410012434, X.

(717 Wi REFH, M. w5 38 ¢/ C A PRI it i
[J]. MARHS:4%,2006,20 :431-435

[72] Qiu Haipeng, Song Yongzhong, Liu Lang. Properties
and microstructure of graphitised ZrC/C or SiC/C composites
[J]. Carbon,2005,43(5) :1021-1025

[73] Liu Zhenyi ,Li Hong ,Jinliang,et al. Al infiltrated C/
C hybrid composites[ J]. Materials and Design,2005,26; 83-87
Tadashi

Sasamoto, et al. Reaction of C/C composites with WSi, and its

[74] Osamu Yamamotoa, Kazuyuki Suganoa,

effect on thermal conductivity[ J]. Journal of Materials Processing
Technology,2003,134; 197-205

[75] Centeno A, Santamarfa R, Granda M, et al. Improve-
ment of thermal conductivity in 2D carbon-carbon composites by
doping with TiC nanoparticles[ J]. Materials Chemistry and Phys-
ics,2010,122.102-107

[76] Manocha L M, Warrier A, Manocha S, et al. Thermo-
physical properties of densified pitch based carbon/carbon materi-
als—I. Unidirectional composites[ J]. Carbon,2006,44 (3) ; 480
-487

[77] Li Jinsong, Luo Ruiying, Yan Ying. Effect of carbon
nanofibers on the infiltration and thermal conductivity of carbon/car-

bon composites| J]. Materials Research Bulletin,2011,46,1437-1442

(3 FHR)



	201401

