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The Effect of Heat Treatment Condition on the Mechanical Properties of
oxi-PAN Based Carbon Fiber

Kyeong Hun Choi*, So Jeong Heo*, Sang-Ha Hwang*, Soo Bin Bae**,
Hyung Ik Lee**, Han Gi Chae*'

ABSTRACT: In this study, carbon fibers were fabricated via carbonization of oxidized polyacrylonitrile (oxi-PAN)
under different carbonization conditions. Carbonization of oxi-PAN fiber was performed under four different
temperature (1300, 1400, 1500, 1600°C) with four different fiber tensions (14, 25, 35, 45 MPa). Effect of carbonization
process on the structural development and mechanical properties of carbon fiber were characterized by single filament
fiber tensile test and Raman spectroscopy. A clear correlation exists between the Raman spectrum and the tensile
modulus of carbon fiber and effect of carbonization temperature on the tensile modulus showed increased tendency

only at higher fiber tension (>25 MPa) while tensile strength showed decreased or random tendency. Therefore, it
may be concluded that the optimization of carbonization temperature of oxi-PAN fiber also requires optimization of
fiber tension.
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Intensity

1000 1500 00
Raman shift(cm”)

Fig. 1. (a) Digital image of OxiPAN tow and (b) SEM image of its
fractured surface. (c) Raman spectrum of oxiPAN shows
I/l of 1.52

Table 1. Carbonization temperatures and fiber tensions applied
for carbonization of OxiPAN

Temp (°C) 1300 1400 1500 1600
14 14 14 14
Fiber tension 25 25 25 25
(MPa) 35 35 35 35
45 45 45 45

‘Identification codes were given to each carbon fibers from CF
1300-14 to CF 1600-45 based on the carbonization temperature
and applied fiber tension
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Graphite clamp
(suspended)

y

Fiber specimen
(length ~ 10 cm)

Graphite platform

Fig. 2. A digital image of graphite platform and clamp used for
applying tension to oxiPAN fiber during the carboniza-
tion
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Table 2. Tensile properties of carbon fiber carbonized at various temperature with 14 MPa of fiber tension

Sample Shrinkage Tensile strength Young’s modulus Elongation Diameter
(%) (GPa) (GPa) (%) (pm)

CF1300-14 4.1 1.1+0.2 233+ 11 0.53 +£0.09 7.4+0.5

CF1400-14 3.7 12+£0.2 260 + 22 0.57 £ 0.08 6.7+0.3

CF1500-14 4.3 1.1+0.3 243 +5 0.44 +0.11 7.2%0.2

CF1600-14 4 0.7+0.2 237 +12 0.28 £0.08 6.0+0.7
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Table 3. Tensile properties of carbon fiber carbonized at various temperature with 25 MPa of fiber tension

Sample Shr(i(r);l;age Tensi(lé ;t;)ength Youn%’ér;;(;dulus Elor(lie;tion Diameter (jum)
CF1300-25 2.1% increased 1.2+0.3 236+ 13 0.48 £ 0.12 6.8 £0.4
CF1400-25 2.2% increased 1.1+£0.2 248 +7 0.43 £0.07 6.9+0.4
CF1500-25 ;iﬁ?;{;sﬁjn 09403 254+8 0.34£0.10 71404
CF1600-25 Fibers broken
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Fig. 3. Tensile strength and modulus of fibers carbonized at (a-

b) 1300°C and (c-d) 1400°C with various fiber tension

Table 4. Tensile properties of carbon fiber carbonized at various temperature with 35 and 45 MPa of fiber tensions

Sample Shrinkage (%) Tensi(lé ;t:)ength Young(’ér;;(;dulus Elor(lia)tion Di(a;;e)ter
CF1300-35 4.5% increased 1.3+£0.3 254+ 10 0.52+£0.10 7.0+£0.7
CF1400-35 3.3% increased 1.1£0.2 266 £ 10 0.41 £ 0.07 6.6+ 0.6
CF1300-45 2.7% increased 1.4+£0.3 254+ 14 0.58 £ 0.09 6.9+0.4
CF1400-45 ;ai:f’aﬁlyclr):fi 09403 263 +13 0.37 0.10 7.1+05
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Fig. 4. Raman spectrum of fiber carbonized at (a) 1300°C and (b)
1400°C with 14 MPa fiber tension. Five most representa-
tive peak components were used to analyze each spec-
trum
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Fig. 5. Raman spectra of fibers carbonized at (a) 1300°C and (b)
1400°C with various fiber tension

Table 5. I/l of carbon fibers carbonized at 1300°C and 1400°C
with various fiber tension

Sample Ip/Ig Sample Ip/1g
CF1300-14 1.42 CF1400-14 1.26
CF1300-25 1.66 CF1400-25 1.58
CF1300-35 1.51 CF1400-35 1.50
CF1300-45 1.46 CF1400-45 1.54
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Fig. 6. Overall change in tensile properties caused by carboniza-
tion temperature and fiber tension
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