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Abstract: Three types of commercially available polyacrylonitrile (PAN) fibers such as Hyosung (HS), Blue star (BS),
and Jilin (JL) fibers were stabilized by continuous system and followed by carbonization at 1050 °C with heating rates
of 2 and 10 °C/min in a tubular furnace. To investigate structures of resulting carbon fibers (CFs), X-ray diffraction (XRD)
and Raman spectroscopy were performed. Without regarding heating rate in carbonization and types of PAN fibers, struc-
tural properties were not significantly different. However, a lower heating rate resulted in higher tensile strength with all
types of PAN fibers. CFs based on HS PAN fibers showed tensile strength of ~4.1 and ~2.6 GPa with heating rates of
2 and 10 °C/min, respectively. Tensile modulus also increased with a lower heating rate, and the values of HS CFs are
~253 (2 °C/min) to ~196 GPa (10 °C/min). X-ray photoelectron spectroscopy (XPS) revealed that CFs prepared with slow
heating contained higher content of sp® even though there was no significant different in carbon content. These suggest
that chemical structure play an important role in mechanical properties of CFs.
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Figure 1. FTIR spectra of JL, BS and HS-stabilized fibers using
ATR mode.

ZEd, A41¥ A2%, 20173

20

g% Tensile strength

400+ xx) Tensile modulus

15
300+

200+

100

Tensile strength (MPa)
Tensile modulus (GPa)

0-

JL BS

Figure 2. Tensile strength and modulus of stabilized fibers with
commercially available three PAN fibers.
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Figure 3. Cross-sectional SEM images of carbon fibers: (a) JL_2; (b) JL_10; (c) BS 2; (d) BS 10; (e) HS 2; (f) HS 10.
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Table 1. d-spacing, L. and L, of the Carbon Fibers with Companies and Heating Rate

JL 2 BS 2 HS 2 JL 10 BS 10 HS 10
d-spacing (A) 3.51+0.01 3.50+0.01 3.48+0.01 3.51+0.01 3.51+0.01 3.49+0.01
L. (nm) 1.20+0.04 1.16£0.01 1.21+0.01 1.19+0.04 1.16+0.01 1.224+0.01
L, (nm) 2.65+0.09 2.69+0.10 2.71+0.04 2.58+0.11 2.60+0.04 2.62+0.11
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Figure 4. (a) and (b) are XRD diffractograms; (c) and (d) are Raman spectra of carbon fibers.
S-S ARS8 Figure 54 18 A= 2 &€ min 93PS W 14%% 7P 22 3k B0tk BSS} JL
THZO (5t (1) BA AAHOE FLHEIL HSEE BLHFE HSY BAYFI ThEA Ago] BakEie] m
= B @Bl SUkekE Ale £ 2k 2°C/mine] 2 1.5% HME A WA &= As & AT
L= %@ri JSJ,} BS«] E}/\)\q rgﬂ 273 2.8 GPa®& 7OP EI-AA‘IOOI 5}%9:1 e fgl 1_5\—/?; (SN} _Lu:],] 3:].6]—7(—]

7} HISsSHA —-’%Piouﬂl HS¢| e2d0] = 4.1 GPa
2 7P =2 7S eI e &2 HSo| B Rt
< 253 GPaoll JL¥Z BSO &AM HE 2073
186 GPa= =A%t} 10 °C/mineE €313l ek i) 7

= 2°C/minl. 2 &3l e8ANFHT Yo JL3 BSE
2.3, :La; HS= 2.6 GPaelith. 22]32 JL, BS ¥ HS®] &
250 e ES 77t 166 148 223 196 GPa® 10°C/
ming g§33 A5 F e U gAE E3 HS9 '
27 7P =2 3 JERITE A8 HSo w4
71 2°C/minZ €318 w] 1.8%% 7 =% 10°C/

ZEd, A41¥ A2%, 20173

Ajre #A57] {3l XPSE 43t 2°C/mine. & &
s}t JL, BS 22]a2 HSe| ehAAdfe] A ke 22t &
27} 88.6, 87.8, 88.5%, A A7} 5.8, 5.7, 6.1% 1] A4
7} 5.7, 6.6, 6.1% ©1TF 28] 10 °C/minS.2 EFs}st A
E]./\/d%_/] OJ _/] U]—EL__ _,_/\40}/\}“2 [;H J_7]. 851 871
87.9%, A7} 7.9, 7.1, 6.8%, LB 2kt 7.0, 5.8, 5.3%=
o]Foixl AL & & AN Figure 6& HH B9 &
20 DAF AFA SR FAIRS W sp*o] C=C(284.5eV),
sp’e] C-C(285.4¢V), C-N/C-0(286.3 ¢V), C=0(287.9 eV),
0-C=0(291 eV) A% 55 22 AU 2°C/minC & &3}



FelolagmEY /i By

—_~
8

~
—_~
=2
~

o] 7|A1H EAe mx= ©slag A+ 201

w,,,,.‘

R

s
%

5%

0%

%5

5

R

%
s
RS

SR

<

.
-
S
s
S

<

Tensile strength (GPa)

Tensile modulus (GPa)

<

25
35

JL BS HS

2 154
N bosoreeses
L oo
-
| o2l - SRR,
o o*e 1 0 Satetetets
% S g 1 ]
% ooy -] 28]
9 o PO
| 2
s
R 05 s
o Fedeletete!
g 3
< R R
oo 0.0 XX

BS

Figure 5. Tensile properties of carbon fibers: (a) tensile strength; (b) tensile modulus; (c) strain with heating rates of 2 and 10 °C/min.
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Figure 6. High-resolution XPS deconvoluted Cls spectra of carbon fibers: (a) JL_2; (b) BS 2; (¢) HS 2; (d) JL_10; (e) BS_10; (f) HS_10.
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