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Abstract: The manufacturing process of pitch-based carbon fiber was divided into spinning, stabilization and car-
bonization. Among them, the stabilization process requires long time and high cost. In order to determine the optimal sta-
bilization conditions, we calculated the stabilization index (SI), which means the degree of stabilization, and investigated
the correlation between SI and physical properties of carbonized fibers with changing the stabilization conditions. With
the stabilization times of 0 h and 1 h, the stabilization temperatures were changed from SP+0 °C to SP+50 °C, and the
resulting stabilized and carbonized fibers were characterized. For tensile properties and electrical conductivity, a sta-
bilization temperature of SP+30 °C with 0 h duration and a stabilization temperature of SP+10 °C with 1 h duration were
determined as the optimal stabilization conditions. At these conditions, the oxygen contents of stabilized fibers, which
increased according to the degree of stabilization, were around 7.2%.
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Table 1. Spinning Conditions for Coal-tar Pitch Fibers

Spun fiber
Softening point (°C) 292
Nozzle size (mm) 0.2
Applied pressure (MPa) 0.3
Spinning temperature (°C) 334
Spinning time (min) 70
Winding speed (m/min) 500
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Figure 1. Stabilization and carbonization procedures for coal-tar
pitch fibers.
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Figure 2. Curve-fitting of two Gaussian peaks in X-ray diffraction
analysis.
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Figure 3. Measurement of electric conductivity analysis with car-
bonized fiber.
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Figure 4. SEM images of spun fiber, stabilized fiber and carbonized fiber. (a) spun fiber: 21.3+2.4 um; (b) stabilized fiber: 23.0+£0.5 um; (c)

carbonized fiber: 15.4+1.8 um.

Table 2. Elemental Analysis of Coal-tar Pitch, Spun Fiber, Stabilized Fiber, and Carbonized Fiber

Elemental analysis (%)

Preparation condition

Carbon Hydrogen Sulphur Nitrogen Oxygen

Pitch 95.51 3.95 0.32 0.23 0.0

Spun fiber 95.52 3.92 0.46 0.10 0.0

SPF 0 89.90 3.13 0.14 0.75 6.08

0 hr SPF 10 89.51 3.18 0.30 0.75 6.27

SPF 30 88.67 3.05 0.43 0.74 7.16

SPF 50 87.61 2.86 0.41 0.68 8.55

SPF 0 89.21 3.13 0.29 0.53 6.84

Ihe SPF 10 88.75 3.03 0.30 0.67 7.25

SPF 30 87.62 2.84 0.31 0.56 8.68

SPF 50 89.94 2.71 0.29 0.65 9.41

CPF 99.29 0.54 0.14 0.03 0.0
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Figure 5. X-ray diffraction spectra of spun fiber and stabilized fibers with different stabilization conditions. (a) 0 hr; (b) 1 hr.
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Figure 6. X-ray diffraction spectra of spun fibers and carbonized fibers at different stabilization conditions. (a) 0 hr; (b) 1 hr.
Table 3. Stabilization Index of Stabilized Fiber with Different F9] o] 7] weke] AR A7)E oujsle L= e oA

Stabilization Conditions

Sample name Stabilization index (%)

SPF 0 44.6

SPF 10 45.6
0 hr

SPF 30 483

SPF 50 46.0

SPF 0 48.8

SPF 10 55.0
1 hr

SPF 30 51.0

SPF 50 62.1
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Table 4. Crystalline Sizes of Spun Fiber and Stabilized Fibers
from Figure 4

X-ray diffraction parameter (nm)

L
Spun fiber 1.127+0.012
SPF 0 1.351+0.027
SPF 10 1.343+0.028
0 hr
SPF 30 1.104+0.016
SPF 50 1.107+0.003
SPF 0 1.114+0.012
SPF 10 1.091+0.015
1 hr
SPF 30 1.173+0.031
SPF 50 1.114+0.021
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Table 5. X-ray Diffraction Parameters of Carbonized Fiber from Figure 5

X-ray diffraction parameter (nm)

d-spacingg) d-spacing;q L. L,
SPF 0 0.375£0.001 0.207+0.028 0.932+0.027 3.18+0.01
0 hr SPF 10 0.374+0.002 0.207+0.001 0.890+0.048 3.31+0.06
SPF 30 0.380+0.001 0.208+0.001 0.911+0.016 3.38+0.06
SPF 50 0.370+0.004 0.209+0.001 0.911£0.003 3.49+0.03
SPF 0 0.368+0.002 0.208+0.001 0.931+0.049 3.07+0.05
b SPF 10 0.373+0.002 0.208+0.001 0.993+0.011 3.23+0.04
SPF 30 0.376+0.002 0.210+0.001 1.07+0.028 3.03+0.02
SPF 50 0.358+0.001 0.208+0.001 1.15+0.019 2.03+0.05
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Table 6. Mechanical Properties and Electrical Conductivity of Carbon Fiber with Different Stabilized Conditions

Mechanical properties (GPa)

Preparation condition -
Tensile strength

Electrical conductivity (S/cm)
Tensile modulus

CPF 0 0.573+0.147 41.2+6.4 207452
CPF 10 0.576+0.164 43.6+3.9 225+54
0 br CPF 30 0.761+0.197 45.3+4.6 231465
CPF 50 0.760+0.139 45.0+£5.5 183+50
CPF 0 0.741+0.169 48.3+£5.2 215467
L br CPF 10 0.760+0.161 44.0+6.2 224465
CPF 30 0.741+0.188 47.6+6.6 174+64
CPF 50 0.711+0.098 42.9+4.9 161£52
PAN fiber T-300 (Toray) - - 278(560)
T-300: Electrical conductivity in parentheses is provided by Toray Co.
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