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Fabrication of Cloth Weaved Carbon Fiber Reinforced Carbon (C/C) Com-
posites Using Hot Press Process and Strength Effects of Impregnated

Resins
Tong Shik CHANG, Chengshan JIN and Akimitsu OKURA

Synopsis:

Carbon fiber-carbon matrix (C/C) composites were fabricated using a simple hot process. The reinforce-
ments were carbon cloth prepreg sheets impregnated with three kinds of resin, that is, coal tar pitch, epoxy
and phenol. The matrix was a fine pulverized coke mixed with a carbonaceous bulk mesophase (BM) for a
binder. The maximum temperature and pressure during the hot-press were 600°C and 49 MPa, respectively.

The results were as follows:

(1) The strengths of the composites were significantly affected by three factors: the kinds of impregnated
resin, the fiber volume fraction (V;), and the BM content in the matrix. The maximum strength of 83 MPa
was attained in the composite reinforced with the coal tar pitch prepreg sheets at a BM content of 50% and
a V;=40%. With the other types of prepreg sheets, the maximum strengths were much less than 83 MPa
regardless of V.

(2) The maximum strengths of the composites reinforced with the coal tar pitch and epoxy resin prepreg
sheets were decreased by a secondary heat treatment at 800°C to 1 500°C.

Key words: composite; carbon-carbon; hot pressing; fine coke; carbonaceous mesophase; reinforcement; cloth
type fiber; strength.

1. # EH

EELIE, ky PV RAEICTRREYICH~N, X
0 ET L2 b EHE R R BRI R ZEA A

HEMBABEIETHEIHIHD. FORKE,

METRL. FIT, MEICERLBExZ

ERESEHILILEOT, KDBECHBEELR C/C

F7 A AHE & o 72— RBERL 1 119~130 MPa O E\v»
noHo

(C/CHEEMHE) 2MERTLHEXHFFELTB NI,
ZD—20FEE LT, BIOICIE, — KR
IRFIUBIEEER LTV SV Y~ %, < by
7 ZFRN 3B — 2 R £ N4 v ¥ —Tdh % Bulk
Mesophase * V2 7: C/CHEAMEoMEL KA. 2
DOHEOBRE, WHEBANTEEBORE/LICL>TE
BEh/wb) v 7 AT, BHREBLREE~ M) vy 7 2
LA REIEE < M) v 72 A D Bulk Mesophase &

MEBOBEEICERICEFS LG22 fl<57:0, §
FUFROMMERBATO< M) v 7 22T AREDE
T, WHEBE< MY v 7 ARBTOFKARIN L & % Bl52
L7cka, MMEBADO< ) v 7 A5G RFEIL L
THEBLEZLDOD, HHVIEREE MY v 2 AEBE
LCHER LS DDRHNAT & 7 i, m%%kvb
Voo 2 ARMTOREOHIEL XA V¥ — L OBEEICX
%b@#,&%wumﬁéﬁ&ﬂ4xy—&mﬁ5\

FEFI 61 4F 4 HASEBEARSICTRE B 61 4 12 B 17 BHZfF (Received Dec. 17, 1986)

* KA B ER FERT
Minato-ku 106)
*2 BRSKEAEERAMIZERT (3 pEI Rz RHT

Now Institute of Aeronautical Materials, Beijing, China)

Tt (Institute of Industrial Science, The University of Tokyo, 7-22-1 Roppongi ‘

Z¢FT) (Institute of Industrial Science, The University of Tokyo,



498 & & #5574 4 (1988) 3 H

BHODOBPNTEY, BREEOHREIITIRR
B L CIERR T E a0,

72T, AT, BIEESROBEICKITTHIRE
S OBBICRMT A0, iz axfk (1KY —
VHEBFARDT 4 T A MIEOTHEERT) DOREW
xR BTy ok C/CHEAMBOREIINT 55
B RoOBEOFEICO W TR L.

2. ¥ B F &

2-1 f#HEE

< by 2 2I2iE, IO EE L < 3.5 pm B R
LZ-HRRE y Fa— 2 2 LHERGH 33.5% OAMAR
DNy AV 72— (LT BM LRY) OREME
)::RAVAN
REGMEGARY — K (R BOA—Kr 702 (6
% :3120) 27

Yy OADEERBIEM & LT, = RF UBE, 72 —
VEHE (LY —3%), ARRI—VE—IVEyF (L
TohzYyFERELTS) OIEBELEAL THF
TRIfE T 23T 2/ — VR AR L R EMAE S B A
H—Ry(BR)EFTHRDO T Iy — iRV Yy
FREBLET) LT — PREBRZNICREL CE
BICBEL7:. EoFREBT) 7Ly — FOREER,
SRR IS ATE IS HECHI L 727 1 X % 180~190°C IZRFF
L72¥y FHI2 1.5h RE L%, KREERL TEL.

IHLCELEyFER TV TV V= DE vy FER
23 374+2.5% THo7:, Table l KERHI— VY —
WE v FOWKE, Table 2103 H =Ry 2702EED
EBRT) TV T Y- bofREERT. LT, TRF U
fgcEBLETY LYY — % EP-P, -V — 1
¥y FDENIE CP-P, 72/ —V#EDO%NiE PH-P
LELT.

2.2 C/CHAMEHOREE
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—XRBERAH O P TEVGRE &R L7223, 2 ORE
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72512, T00—~1500°C TO REBMEEHL 72, K
BULFR T AT TR LA ERLTH S,

2-3 HBRAE

KEBFEEHHRO T2 AEe & LT, RET
DEE (0y) BEEEKERETROLBHEE POHE]Y
L7z, BTHE (gpe) B, EEH 5 mm, 1EH 8 mm
DREE % HWT, A232 20mm OZHEIFEICLD,

Table 1. Properties of coal tar pitch. Z 0z~ y FHEE 1 mm/min TR 7. fHiTHEMEER (E)
Density (at 80°C) (g/cm® 1.2 li[ﬁiU’?ﬁfﬁ{ﬂ“%ﬁ@ﬁﬁ"tbﬁmﬂf@,@ﬁiﬁ%ﬂ& KD
Viscosity (at 80°C) (gp 566 )

Flash point (¢ 122 72 fEo T, T ZTHELED, BIgOTHRRZZLEBY
Softening point (°c 30
Ao it Trace Rz () Tz,
Coteritic vaue (el 0200 MR, TRBIC B L R —BUHORBT (6
Qr* Ep 002 ) 25, FHRYLFACBEHTTHME (gpe) IKEV
H (% 5 RERFr % 2 HoO28RIL, ShE@iFcED T, B
Elemental analysis N 2% 1.1 " . e e iy
S, 2.6 *&TTYIMTL, REUER, MR YCHRERIC T 200
a
Fe (Dvm; 8 fECcEIg L ..
* = Quinoline Insoluble
Table 2. Specification of resin-impregnated carbon cloth prepreg sheets.
Kinds of Specification of Sx‘rbon cloth* Kinds Resin
. [ o . . f ontent
e | e | e | Warp Bl | FPlamens/ | W | Ty | s
EP-P Epoxy 43,5+1*
] .
CP-P 3120 Dlain 12.5 3000 200 0.2 ng‘t‘cff" 3742.5
PH-P Phenol 38.5%

% From catalog of Nippon Carbon, Ltd..
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SRS E O MY v 7 2 &R R IR EED
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e, 7x/—MEEER 7Y 7L (PH-P) AR
121 BM=80~100% 12 B\ TREGHIFHELT, =
KE Mg ER 7Y 71 7 (EP-P) f#AHKICE BM=
70~100% 125\ CTREEGMAFE L 2 b0 7. PH-P,
EP-P 2L T, ¥y F&E 7Y 7L 7 (CP-P) M
B2 i BM & 25 40~60% LW IHRWETHD THR
OEWARAE L v En ) IFERME S R

K, W0 VR ELS R L EORBEHOE
EOHBIZOWTRS (Table 3 £8). Z OFE,
FOBMED VEIZIE—E (20%) TThY » 7 A
® BM B % L#EICEL S T RERMEZERL

g2z, EP-P & PH-P fHRICIE, Wi hd BM ED
0% DL AIBREBEEZRLANT, TOWMHIIOW
Tit BM B3 1 B (90%) 2w ToHR{TD.
EP-P f#fiF 21, BM=90% O&MAETT V, % 43.1%
TR THREEMIFHE L 2H»>7. PH-PHE
AL, BM=90% Dk & V, % 49.1% ¥ CHREW
fechot. Thbix LT, CP-PEHKICE BM
B 20~60% &V IHEWETH > TOREEHIRE
TBIE%L ViEE 43~52% ECHHDAHI LN TE
BHEWVIFEAHBZEDBHELNIIR D/ TOKRI,
BHERNICEBREINLE y TG Y v 7 A DN
A v F—RRSEHI L LB, v MY vy 27 AHO BM
B e LS EERTLDTHY, Tihbb, ¥y
FR L L ok, BM S o8I, 5612
BM Bisr & OESHDETY, 72/ —VRIEF I
JRICHNBERROSHH L ETRBELTVA.

3-1-2 BWHHE L FE

Table 3R LA 3EEOT) FL I — v HnT
VEBL L 72— RGO RENT OBE (), HTHE
(Omas) BLUOY ¥ 7#E (E) O VEKAFEE Fig. 1,
Fig. 2 {Z5R L7z,

Fig. 1 ® CP-P #HEED V EELIHE) one PE
fbxiane, EOBMEBIIBVWTHIFLDIE VEDH
MChES CTHREEAEMT 545, % VEUEICRSE
P AOTHENETAALNRS., ThdOMEMRT 2R
LsEHc i, 20RBEOBHERE - < Y » 7 25
B RESHOREVSBES RIS, ZOREE
WOREFMEETORKNE 2o/ x bbb, 2
T, REEEEWARELZVIRY gp0 13 VEOHMIC
oTHAT AL ENbIA. FLBEIRITT
)y 2 20 BM BOMRR &5 L, CP-PHERARKIC

Table 3. Bonding situation of primary products with changes of BM content in matrix and volume fraction

(V;) of cloth.

Matrix Kinds of prepreg sheets
. BM | Volatile EP-P PHP Cp-P
oke content matter V. . X .
b 't Bonding Vs Bonding \% Bonding
(%) (%) (%) situation (%) situation (%) situation
_ _ - ___ 20~40 X
20 7.15 52.2 o)
_ . — _ 20.0 X
30 10.44 29.5~47.4 o
Pitch coke
. e 40 13.74 — — — — 19.9~44 .4 O
(particle size=3.5 um) 50 17.03 216 X — — 20~51 o)
60 20.32 — — — — 20.7~43.0 O
70 23.62 20.0 @] 19.8 X — —
80 26.91 21.7 O 19.9 O — —
90 30.21 11.8~43.1 O 19.7~49.1 O — —
100 33.50 19.3 o] 18.7 O — —

O : No cracking X : Non-bonding
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[Cloth impregnated with coal tar pitch]
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Fig. 1. Relation between volume fraction (V;) and
bending strength (gna.), young's modulus (E), and
apparent density (04 ) of primary products.
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Fig. 2. Comparison of bending strength (s,,,,) and
apparent density (04) of primary products, using
cloths impregmated with various resins.
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BM content=90%, V;=36.9%
Polarized light microphotographs of a C/C
composite cross section using epoxy resin-impregnated
carbon cloth.
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BM content=90%, V;=37.2%
Photo. 2. Polarized light microphotographs of a

C/C composite cross section
resin-impregnated carbon cloth.
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Fig. 3. Change of bending strength (gn..) and
apparent density (04) of primary products with
hot-pressing pressure.
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Fig. 4. Change of bending strength (gne.), ap-
parent density (04), shrinkage, and weight loss of
specimens heat-treated up to 1 500°C.
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BM content=50%, V;=41.4%.

Photo. 3. Polarized light microphotographs of
cross section of specimens secondary heat-treated
on primary products using pitch-impregnated car-
bon cloth.
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800°C T REVILEE % fii U 74P KM 1 & B & B R B AT
EBBELTEY, BE (gn) WEETHOZ. Lh
L, TREMBBENS (2B IConT a3 L BHEKIE
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DREEBEIERT S 2MHEmME R L,
Omax %ff/}:/‘? c:t%bu Lf: &%i %n%.

4. % & %

FEEOIE, <) o 7 2BERICEBSRa— 2 2 &
NV 27 2—X (BM) %, REBHMEICIZ3FEED
BIEEEBELLT) LY — 2 BHWT C/CHELSH
BEfERL, 20WMECRIITERMEORENCEE %
BETL, T O XD 2R 87,

(1)7x/7—=), TXKFY, ¥yFounTholss
BTN TVT o — b &HCTS KBS OERIE 7]
THAHH, 2OB< MY v 7 2 BM £ 05 FH#ip
2, EvFER7Y LI — MEFESR L.

(2)3HEEOBEER T 7Ly — 2 W, < b
Uy 7AHD BM B ST EFICE2 THERLA—XK
B DR, BIRERAE LTy F2 AL, <
MUy 2 A BM & 50% THEMED V, EAITIE
40% DL EFITHKEBEEYIRL, TOMER 7L/ —
TR R VIR RO R EME ISR TEW
T EMbIDI.

(3)MEER 7 a2 AV, Ky P L RAEIZTH

I nZatie LT

C/CHEEMAENL, 7L RREAH 600°C DBAIZIZTL
AEERWODIZE L DB ORREFES N,

(s FERT) TV T T — b 2 HV I — KBRS,
i, 83 MPa ORERELZRL, ZOMWERIHED C/C
BWEMBOMENK 83% AL T A, LiL, —RkbE
i bE RBSLE % Y LR AR T L, ToREVLENR
JEAS1500°C D & E58E x 46 MPa ¥ CTIEF L 7-.

B, FEXITOICH, Sz Av72—2
T PR LT e 220w - BEUR TR (B ) & R EMHE O iR
BE BTN HR D =R (BRI LIRS L
kR
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