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Effects of fiber forms on thermal anisotropy in fibrous composites

Shim Hwan-Boh and Rhee Bo-Sung
Dept. of Chem. Eng., Chungnam Nat'1 Univ., Kung-Dong 220, You-Sung-Gu, Tae-Jeon 305-764, Korea

= = Yy
FWSshl AHDA Bow EANES
& ASAS & YUY GHEEE oEA B
Bads 2B A% 50 FE dout CHu
ez 8y FaA mT 200% o4 $5@

49 eaAf = #%k(spinning) Al &9

A E ‘rr‘

Aergds 98] izlel wisiM o
o3 P Aok HAA oA By 9 CE Ha
stell 2] Ag st ol Hlcol o UY
a‘fﬁ Bl Hux & oisk 13039 118 A8

dol 4 g KAtk

Abstracl  Anisotropic pitch-based C-type and hollow carbon fibers can obtain wider shear stresses dur-

ing the spinning and induce higher molecular orientation than that of round along the fiber axis. These

fibers reinforced unidirectional epoxy composites were prepared by hot-press moulding method and per-

pendicular and parallel thermal conductivities of the composites were measured by a steady-state meth-

od. In the case of round carbon fibers reinforced epoxy composites(R-CF/EP), thermal anisotropic fac-
tor showed nearly 50, while those of H-CF/EP and C-CF/EP showed about 130 and 118, respectively.
As a result, both H-CF/EP and C-CF/EP had an excellent directional thermal conductivity to distribute

heat, above 200%.

Key-words .
factor
1. M 2

dssh A, npd APgdae 1
E4og clstel PRUSBEA & #42
Bojgd. ZFadsRe fedd, Ay
. 2dn gasf Fol Hes dow,
B8 gaMRE 2e WE nPL, a5y
6 2 Z(furnace), -2 BN HF2 Eofd
AFERGY. “meo) AbgE W e mES
Zolg? ojyd dE& BAHEAA F Ao
e 88 BAZ Bk A4 gAY
o WA S5 Fo| shhs wo YHE

& 9% F dvke Aeolth H:ite] Amoco
itel A WIS whe] st 2 gho] 1100[W
/m-Kloldtha #oi. o] e $elst 4@
Je 7FH FolAM Ao dALE Jehde
FEL 2ol of 3w 7t wo grolth dx

of A LA Fheel wela AL

hollow carbon fiber reinforced epoxy composites(H-CF/EP), C-CF/EP, thermal anisotropic

7} EANE e AFE Hold, F9el basal
plane F¥dw=i7F 1910[W/m-K |3 &
o o) ob 7k BRI B8 dAHx
e e dxE R

= S )
$ A 24 8ke]l heat sinkiy} A0
&+

-
HH

Ay

|

Ark A Fd s %?{Hﬂf} dfrel A3,
&, 4 E e

o]

7}

2 12
) mEAA G FAA(RAGA) s
A % ]

ol wat A EAS w2 alo

goRol ANEHIPEAE EH vl
Ak meaie WshAel A olehge o
oY EA S el Folofd FRU AU

AA| ot & Alojt) R
0:1 ‘r{aﬁ k]

Aol 4 =5
A ]
e, A



216 SN astaix) A5H A28 (1995)

B fol waA O uelel AX wA fn
© RAWGE e FEU 4 Ao ® ]

& AR Jlee WE, I AN F(EY S}/

F 58, CY dad sy e o Vil A i Zu=
¥ (thermal wall)o] ZAsc}, asjrmz A o [ O3 E/—':i] )

A4, @4 Sqel oA 2 Ao & || @ lg o = s
89 /b An. & gdden 2 elysy g A

2 NE 57 ek
aHA B ATeldE dael sty @

HE dalald e 2Aae oliEH(AA Fig. 2. Thermal conductivity apparatus.

) SUstdonA Hho d oiEAS

Fostazt vk 58 SAA olWA ¥ Atel ®d HI940M/E/4/05982 4 Agrg -1
3 CH gadf et 3. &ure A 20 =AgEdoh. dHAER(WZ)E V)
& AZA MEY2 sl d AP e Fom %o WMon Ade @ 4+ A

CHE), gexe Faddde exrtwE

A
2. é E _‘Ql_ ] ] ]7] -r13Hk1 Lgl]'—r-—; )\%A]a A ?\)\
|

AT o]&d HEgE outd EuE Al skl om (P 7h), B -A B, AR
(hollow-type), C&(C-type) 18]l 98 bR Ao dEde] finE Ar 23
(round-type) 8] ©AA{5EX Aeaelz 93 dalEetag g2 A7k a@m zb 2o
£ 29 19 2 CNUER ) sla) Aest o 01C Palsel &% s uxsal A
o, o]d Aol B3 FFE @aAS g2%e 2nlE ZAsHY. EHRwe
€ ¥ d(annular-type) ¥ C¥ ©@H4H8& Al 2bE Fouriery 2] & ul gt}

Cat mefo] &5 zh= "hAlv)o] 9@ 315
2 galE §-59Alsled, 295T ol A 408 %<t

Aslrdats ANFE, AL E2AskolA 1000 2% 3¢ (1) radial, (2) onion 181 (3)
C7A gahsted A 25U, line-origin 72§ @A oz HGd A

a3 53 AEE Axe AdEFA(HE S8 BAMR W fEIAY HYS R
8%, YD*128) Baje] HA4gaFe 15wt T Aotk (D)3 (2)9] Wi 3o ) ars)
E] 45% 712 &R st Aao A Ha3dF hot- A (3)2] line-origintt &7} ] & A7) . A4
press Z9Yo 98 ¥4 0.5mmo] E3§}A| EE ®HAdths Ao] o] A A o5 w
e dew, 445 &3 AL diamond AHEN Yo B A F) A E line-origin T &
wire cutter2 A& 25mm A7 2 Al E afHoy Frsta #s a3 Huy=z

]
BelFi o #AYE F2(hollow)st C

123
Y HANRE AR $82 Aed
2 £

QI-free coal Two-stage heat treatment 9 4-18 olF A oty =7 2 C
tar pitch —_— Mesophase pltﬂ sc__} ‘\:_]fi/\kj “19[‘ 701_ -}_ XH 9] ;‘(_1 Z}-@ D] }g A}_{l O] ,
Y 4-2F EEEaAs

Melt spinning li‘g}x}] ﬁ}m 0] l’¥ 6"(’"’_ D] 73 /\}7‘(_]_ o
W 75 3 wWEgoRe WAdEAL o

o

&+ 2l 8 Feh

Algstg e A% A8 gy P.AHILTON

Carbon fibers |#———| Unfussd fibers | #——| As—spun fibers

Carbonization Oxidation a9y 5% A& 9 Wz, 9 B4z7 o
2 A8, $¢% % CY gaife] uge
- L S %)

[}
Fig. 1. Converting coal tar to mesophase pitch-based = M
carbon fiber using the CNU process®. qd ENEANE B Aol AUz



HEE - o)RYg I AHF

28 B dolgaol o Mg

FH g 217

Fig. 3. Cross-sectional microstructures of different types of carbon fibers.
(1) radial (2) onion and (3) line-origin(L.0)'" structures
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(1) (2)

Fig. 4-1. Microstructures of C-type and hollow~type carbon fibers.
(1) curved line-origin and (2) circled line-origin

Fig. 4-2. Optical polarized microscopes of anisotropic pitch-based hollow carbon fibers reinforced epoxy composites.
(1) x50 and (2) x200
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Fig. 5. XRD patterns of round(R), C-type(C) and hol-
low-type(H) carbon fibers.
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Fig. 6. Perpendicular thermal conductivity(x..,) ac-
cording to measuring temperatures and fiber types of
the composites with 45% fiber mass fraction.
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Fig. 7. Parallel thermal conductivity(x(, ;) values ac-
cording to fiber fraction, measuring temperatures and
fiber types.
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Fig. 8. Perpendicular thermal conductivity(x..,) val-
ues according to fiber fraction, measuring tempera-
tures and fiber types.
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suring temperatures and fiber types of the composites
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temperatures and fiber types of the composites with 45

% fiber mass fraction.
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H-CF/EP : & ¥tadd st o4 i
&4 (hollow carbon fiber reinforced epoxy
composite)

C-CF/EP : C¥ B 33 oA &9
7Y (C-type carbon fiber reinforced epoxy com-
posite)

g . ¥ @ (heat amount applied)

x . ¢ A 4 (thermal conductivity)

A A8 4 (area of heat conduction)

Cr: A 3F 8 ¥ (heat capactity)

(T 1) 1 7help - 4 7hy Afole] £
(temeprature difference between heating and
cooling part)

a ;. A BAE (thermal diffusivity)

Al &5 A] (weight of the sample)

o . Al 5% % (density of the sample)

k. FE2A AL (thermal conductivity
parallel to the fiber)

k. . 3 =9 4 4 (thermal conductivity per-

pendicular to the fiber)
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