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Preparation and Characteristics of Pitch-based Hollow Carbon Fibers
() Structure and mechanical properties

Y. S. Lee*, J. P. Kim**, T. J. Kim*** and B. S. Rhee*

ABSTRACT

Structural characteristics and mechanical properties of pitch based hollow carbon fibers(HCFs)
were investigated. HCFs were split along the axial rather than radial direction in the similar way
of the fracture of bamboo by external stress. In comparison with the results of tensile testing for
general performance round CFs, the mechanical properties of HCFs were improved except
isotropic pitch based HCFs. Tensile strengths of pitch based HCFs depend on the gauge length
irrespective of the kinds of carbon fibers. Theoretical values in mechanical properties
extrapolated from the data of the manufactured isotropic and mesophase pitch based HCF's were
470.02kgfnr and 709.13kgfhwr at 0.1mm gauge length, respectively.

=
%) A 3 et 4-4-(HCFs, Hollow Carbon Fibers)?] 7&2 A3 71AA £4-& Azs}
ot Wz o]~ WA HCFst: o2 (stress)ol] o)) o} A b4 Wakice 5
upske wheba AR e] deolydel M4 9y v fob vlastd S 31X A HCFs<) ‘11’%}
FEE AeslnE % 1 ghe]l Zristelch. A AA HCFse QA 7 e g4 fo] F7
BA%lo] 7 Zol(gauge length)ol] 2] &stgich. A XA} vz ol A ]HCFSS’»]
AA}E ARE =xZo] 0.lmmz 944t o] B3 AAREF-S A4 470.02 kgfmr, 709.

13kggmro] 31t

1. A4 £ Zhol Aela FA o] fol3l tiEFeR 2
EAEE, w5, 2 2 FERE S 2l 3
€44 -f-(carbon fiber; CF)= ?J__ﬁw—i A A% Bagdfd dzdels XA B fE
A (precursor)e)] w2} rayonr], PANA, A=A 2 AR Aol n g VA -go] v$ o} 5 &5,
WA, oA g 52N FEd 7} A7 252, 2 2 ouke) B4 Ao se)m gictl
Badsg 2592 4ol o5 RWAA G F o, dzsels AAA sgadie T
A }9Jr vz o] Ao A) RAAR 229 9FA HAsoF & T3 FAE
o W4 Sadae 394 JA A BadRE 9ltH3,4]. 2% AAA BadfE 948

x Fddleta SR e

% A ET ARG

# ok

* (FPeE FddTa



E10%E B25R 19976

HAA 2R g4 ed Az 9 B4 (1) F= 2 A

A 24 59

E AAR AL 9132, PANA g4 o w5 BA&
A S 2 FA o] vhmch1), weby 2]
QFE A= AAA CFE Ao ed 248 5
2 9lch. Edie S(51& ¥98 Wit =22 ol 43
o non-circular A5 wAlslz, wrkxe] g4
A-#E 3} C-shaped, trilobal, octalobal CF
€ Axdtd ¥ 9 e E B339 3, For
tin S[6]& thin, slitd] B4244-2 Azsle o
T E4E #EAsg o, vdy devt BE
WAL 225 dojAl 47 A5l ulH)
oE‘—‘ L]FE}"’Q & B st} o] H[7%
FE Fate] QA 7brel vl
+& ¥y
g, PANﬂ] Badfebs g 9244 shal
fr= deFgt vATFE2E R 3 9l radial,
random, onion3¥j 2} B}]%L A AA Sdadee]
"ol A o] 2 drloR A& oA glon, o] ul
A& AL 24 ol oh2A 349 5 gloh8].
=, ’BaiRe] EelA, 1A B4 o &,
53] Hudol) =7 2]&c}6]. Mochida [9]5-&
HI Y WAL 258 o] gte] Bhal§ A x4, v
/‘P FA o glelAl Aol Ak 24w B
245 HA 3= 714 BAS A7) = °)
Cﬂ%ﬁ Fa3lcia R asigich o)l AR 7re
ke waAdfe] aAdA A" sude
Azets gejzict o)Ay wlAlFzERr ohe}
AR-el e WstE H5-9 714 BAL HEa)
Z 4 gleH8l mepd B Ao gl G
(Part [, [10])ll4] coaxial two cylinder %.ok9]
annular type Wl7]& o] &3l Hx 2 e] A
3, &3} Fo A zHA0s FAdsA Az
¥ gl %(HCF hollow carbon fiber)e] &,
WEE, 24 2 AR el g BA4L goln
A}, FE wa "3%4 FeehA Fxol 248 3
Zsta 71AA BA-E &Askedch =&, weibull
distribution 4]-& o]-§3) o174} 7} = 2] &3] 7ol
& failure¥-4-& s} o).

rle
-0,
o,
N

(naphtha cracking bottom oi)Z €] 7))
& WA o]l & S A9 etz RS
A28t Az vWzFola(e)WA) AHE o
% %% WAlZl(two cylinder annular type
spmnerette)i Skt S XG0S 4
< F, dub B Az e A g, sl

34 A4 DEaUT) 919 Aol 44
Fel WA} G 4L 96 Fakaeld 2
< stk ] Aled #3380 A (polarized

light, microscope)2- Leitz Orthoplan-Polo] A&
Hedoh A9 Fefelzm2 26 45 F3

AA AFAZ F 200, 600, 1200, 1500 sand
paper £ 2 aAvlgk F 79 o] 2~3pm ] =}e)
GFoE Edd A mhge] dnlsle] Fwlsiy

o A dwel 2 P g 2 s
o] -,—A}X%x}?éﬂ 7J(SEM; scanning electron mi-
croscope, Topcon Co., Japan)$- A-8-3}¢it). Alg
< A chdg 2 A2 ok=E @ alo]o) 7]
a1 3174 Al gold coating®t & 2-3slgic).

2-2. 7141 BA =3

Ael AHAY S EA
%7 (tensile testing)2 3}
7= o, AALFHE M, 283 A%
19 #AE olusiel. AHe 3
h: Instron 43029 20, 2t 5 A= w(11]
(single filament tensile testing method)& ©]-&
shalch AlE-2 me] Fal" Fo] Yol QAU
Z7 Zel(gauge length) 25.4m2 ©)o) L o) .zJé
A1713 4 % 2 745515} Instrons] obehs} ¢]
9 holderOI] df-2 e AR e, 2
A2 F AlEE HPsgic). ol chart speedi
200mn/min.$] 5, head speed® 2mm/min.o])g]c},
Aol Y dAREY A A=, BAE, Al
9 BAAY HEE Yo Aitels W (ASTM
D3379-75)& o] &-3}9iTH11].

23 5o Wld =7



60 oledA - AEL - P - o] BA BB

760022 ZA3tgrH12]. ZFejolsdHE A
228 FAste] 2AE F $AUS duiste] ¥
s A ulellA A st

2-4. weibull 3}-4

GA§ Alae AAYEE A Hold ZA
Z3lm 2, weibull distribution 48 o]&3lef &
A ZAolo] w}E A7} xE o] wlE F(failure) ¥

e

Mg sty &4 Aol & 5, 10, 25, 4022 27
2xse] o1 BEE 8% 17 (histogram) 2 g
Jehilgla, o3 (failure)e] & F, Hx d
(scale parameter) oo , 2%2] ¥AF ¥4 mE -3}
57, =) ¥ X (failure frequency) & F&adch. =
g, ol 52 3E & o) 2H HF ZE oF T
AA ZAA e} wlasigl s, o] 59 Fe FEe
1y appendixe]] ursmmc}

3. Az gl 3%
31 T=H E

3-1. &% E}/\M_?rg] FE

Fig. 1o S5} slzvols SAA 3 B4
Agel BEe BABPEA Ao el
Al A ()9 gl w2 AAA (b)
Aee 932 F98 o 9T wgoezwt Yol
vhelu} mekel o Z(contrast)7} 2 o] F L &
% glom, o] 59| BE3}oH 2 £A7F FF
w2 PRaA Fokd $3o] a2 fAHE #
2% % gleh. o= slFe] Mol T ARET )%
sto] 2§ A 8 (composite)Z A x3H & A+ A
298 38k w4 g B3 (tunneDEo] AE Fig. 1. Polarized micrographs of carbonized fiber
ole} o=}, webd o 749 A, 93 22 é%{b\l:(ﬁ{)%?l.c hollow fiber, (b) mesophase
gt F471 Solsie e s 2L 34
7le £ FHAE o] 451, T AEE 2
s da AAe AF, B, FAA T2 by & glos], Uiy FlastE vy W8 A
ol 49 % gl Aelck WA Aol ez Uzt EHo] B ow

vl
Fig. 2= S74¢ SWA 2 szdolx 3 2w} ¥]Fe] thin hollowdfrrch el =l

4442 SEMARlo|Th. SakA AAA SF B2 2, AF(pore) = AL ol T Hele &%
A (% A, yioe vladstE o] B34 uFAbA] W3 Np gasdgo] A3 AFE=7} wl¢
zsdolrz AFY Aoz ¥ Fxe ot =Rl ZFo ARHT

29 242 Jehiglth b wEdels RAAA

a4 i/ﬂ 9] Ak31E shelld e 28 & 3-2. v} 83} fracture



104 H298, 19976

QA7 %89 Baidee A

54 () 7= 9 AAH B4 61

Fig. 2. Thick hollow carbonized carbonized fiber.
(a) isotropic, (b) mesophase
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Fig. 8. Cross-sectional structure of a hollow
mesophase carbon fiber.

Fig. 4. Cross-sectional structure of a fractured
hollow mesophase carbon fiber along the
axis.
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Fig. 5. Tensile strength and modulus of mesophase
HCFs as function of stabilization time.

Table 1.

Mechanical properties of carbonized
round and hollow fibers at 1000T
Tensile Tensile
Pitches Fiber type Strength Modulus
(kgy/mr) (ton/mm)
Round 95 55
Isotropic
Hollow 84 6.1
Round 151 15.5
Mesophase
Hollow 188 21.6
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Fig. 8. Tensile strength distributions for various Fig. 7. Tensile strength distributions for various
gauge lengths of filaments from isotropic gauge lengths of filaments from
hollow carbon fibers. mesophase hollow carbon fibers.

Table 2. Properties of Hollow Carbon Fibers

Expermental Data Weibull Calculation
T L one | i TAgTede B g .
5 40 140.34 4.451 153.90 140.47 220.84
Jsotropic 10 40 125.76 2.296 139.31 124.28 306.07
25 40 68.61 1.698 73.96 65.92 493.25
40 40 7774 2.404 86.41 76.61 526.56
5 20 257.65 4.586 281.56 257.94 400.03
Mesophase 10 31 249.97 3.019 275.06 245.58 590.05
20 54 171.24 2.351 190.34 168.65 741.76
40 42 166.32 1.643 183.45 164.10 1737.2
m : flow dispersion parameter o : calculated mean strength
G.L. : gauge length g, : scale parameter

B : equivaient value to o at F = 63% in the weibull plot of the strength
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Fig.8o) S9A AAA 3 vkl 2=
#5d) g weibull plots® viel gl 25mE
A9 stas 10% o3 35 olake] weolelE o] &
sheich o]l e v FE ool B
Agro] 7o 3L F7) ojFof weibull Hpe
Aarel] s} A A3}t Table 28] m¥} B e =
Bols $2A do|e 2HE ] AAbel ofs) AA
TRk 20mE A9 sie mitd B 25 A
At AL e 2% 24 FE o 2.
0 ~ 4.5 7}%], B3F-& 86.4 ~ 153.87}#] ¢ HEE
B4 dzdela AAA FF BLARS
weibull plotsZ Fig. 94 Yehigich 47 A B5F
10% failure®tg olAbolA]l 25 Al4l=Elgled, &
22 dolel23E A" Ag B4 ASm 2 B
%2 Table 2o YetWEd &4 Hol7t 2Ha¥ds
2 m 9 Bgto] 2715ttt me 1.6 ~ 4.6, B
2 1835 ~ 281.622 Jehgglch o] & Fig. 9¢f
27 Zol7t A2 TR 71877t & AN 2L
2 W zslz glt}h. Table 204 B.E& v}e} 2ol
A g AR A5 3o A o8 AL

>N

Ix
S

3} Aol dxstgl o] o] A4ile] A o] FolzlF
& ousla, Al 2D ol @kl A<
HAEHeS oujgct. AT oA "adF
o that &7 Ael2l FrA A A=E Fig
104 t}elijedeh Ino vs. In LEFE 7187 -1/m
S 7% 4 g)Ed olu -l/mutS THAde] -1/28.
030] i, v z=uo] 27} -1/56.401%0 . 0.1m3E3A 2
ole}a & wj o] wlole] 245 2|4tste] AR A=
2 73 B2 S 3 saAfrh 470.02
Kginro) 2, wWlzdolx 3 =a4dfrE 709
13Kgimro] 2l ek, 0.1mmH ol EFo0] gloka 71 gh
i, o] ZHE-L o] 24l BAge] "k oFHER
2y #HaA<sd (least square method) & ©]-4-8}
o] AL T, 7187 ARz E el
AA o]4ste] et wWEselx FF B4
2] m3ts o] =ZA et



F10% B2, 19976

AAA TEE d24RY A= U B4 (1) F= 9 AAE B4

65

40 mm 25 mm 10 mm 5 mm
100 -
® : ?
s L
: 5
® L
hei ©
[e]
= L
i [
2 © ©
o] ®
£ 101/ €@ - - -
o | e A - & i
2 o o ; [
Lé [ @ e I
] L L
3 o °
] i K
1 1 i i 1 { !
4 5 6 4 5 6 5 6 7 5 6

Fig. 8. Weibuli plots strength distribution at various
fibers.

1000
o L 70913 ©® mesophase HCFs
€ O isolropic HCFs
£
g “Hm=-1/56.4
E=
2
g
@
£ 100 b -tim= -1/28.03
2 - o
el Ll —
1 1 7 10 100
Gauge length (mm)
Fig. 10. Tensile strength of hollow CFs as a

function of gauge length.

Az}, wE Fol &
bon Fiber)®] £z H b
g EAL %}O}EJ—Z} F3of

T o=
AR B4L HAst g3 22 Az

3 EraAl-5-(HCF, Hollow Car-
84 2 A5 e o
Z2-& {3 7|
5 At

1. WZzso]~ x4 HCF: 25

ino

gauge lengths for filaments in mesophase hollow carbon

el gt Ale el wgkEglod,
HCF7} 2} (stress)g w2 A% A= oy

o] ZIWAAME ubg whgkRchs Sukers o)

2ha] oAl o] dofype).

QA ANE Az, wAAQ Yy CFe) v zshd

T Ao A9 HEE AYslaE v o

ol Frlstdd e, a4 w Z o]

HCF 9] % }ne 2% 23 7Zol(gauge

length)el] ej&s}¢ict.

3. dlojet2 Y6l Weibull2]o)] ol&] A4k w7
g Aoz ne 73 e A U}y
o A4 EF QAR ERT &4 Aol o
HellAl 0.1mm 54 Zol7bx] 9J4abshd Swpy
HCF <% 7}E& 470.02 kgiwr, o) 2so]
HCF-= 709.13kggnro] g1t}

=1}
=

%

)'o

P43

23 T

il

el

1. Donnet, J.B., Bansal, R,C., Carbon Fibers
2nd Ed., Maecel Dekker,Inc., New York, 1990,



66 ol 4 - AFEH - A - o84

HEBEMEBER

pp.1-18., 406-440.

2. Otani, S., Okuda, K., and Matsuda, H.S,
& Kindai Pub., Tyoyo, 1983, pp.101-106.

3. Idem., ibid., 1983, pp.134-139.

4. Mochida, I, Toshima, H., Korai, Y., and
Matsumoto, T., "Blending mesophase pitch to
improve its propeties as a precursor for carbon
fibre" J. Mat.. Sci., Vol.23, 1988, pp.670-677.

5. Edie, D. D., Fox, N.K., Barmett, B. C. and
Fain, C.C., "Melt spun Non-circular carbon fib-
ers", Carbon, Vol.24, 1986, pp.477-482.

6. Fortin, F., Yoon, S.H., Korai, Y, and
Moshida, I., "Structure and propeties of thin,
slit-shaped carbon fibers prepared from meso-
phase pitch", Carbon, Vol. 32, 1994. pp.1119-
1127.

7. Rhee, B, Ryu, S.XK, In, S.J. and Kim, J.P,
"The Mechanical Properties of Round and C-
shaped Mesophase Carbon Fibers", Int-
ernational Carbon Conference, Extended Abst-

racts, International Carbon Society, Paris,
1990, pp.178-179.

8. Buckley, J. D., Edie, D.D., Carbon-carbon
materials and composites, NOYES, 1991, pp.
42-67.

9. Mochida, I., Yoon, S.H., and Korai, Y., "
Control of transversal texture in circular meso-
phase pitch-based carbon fibre using non-cir-
cular spinning nizzles", J. Mat. Sci, Vol. 28,
1993, pp.2331-2336.

10. o]od A, &3, o] A, " AAA FF B4
S0 Az g B4 (), IEgA 83 A, Vol
10(1), 1997 pp.64-72.

11. Matsui, J., Bkt BB & BE Jigk Y
T 5 4 Kjik, B, 1989, pp.181-188.

12 Idem., ibid., pp.172-179.

18. Rhee, B.S., et al, "On C/C Composites
Reinforced with Round and C-shaped Carbon
Fibers", 21st Biennial conference on carbon,
Extended Abstracts, New York, 1993, pp.74-75.

TVTVIVIVVVYVIVIVIVY



H10% 25 19976 AXA 559 dE24%9 Az 9 54 (1) 7= 9 AR 24 67

2 =
weibull statistics calculation
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