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ABSTRACT: Stabilized polyacrylonitrile (PAN) fibers can be transformed into quasi-carbon fi-
bers with different properties depending on heat-treatment processing parameters at lower
temperatures than temperature for the fabrication of carbon fibers. It has been investigated
from the preliminary work that appropriate quasi-carbonization processes at about 1100 C
strongly influence various properties of quasi-carbon fiber/polymer composite as well as
quasi-carbon fiber itself. The objective of the present work is to prepare quasi-carbon fibers
from stabilized PAN fibers using various quasi-carbonization cycles and to examine their
properties. Two temperature regions, up to 800 'C and above 1000 C, were used for quasi-car-
bonization processes. The chemical composition, physical properties, thermal stability, micro-
structure, mechanical properties and electrical resistivity of the quasi-carbon fibers prepared
with different final heat-treatment temperatures, heating rates, holding times, heating steps,
and purging gas purity were extensively examined. The results were also compared with
those from stabilized PAN fiber and commercial PAN-based carbon fiber. The present study
showed that a variety of properties of quasi-carbon fibers significantly depended on several
quasi-carbonization process parameters.

Keywords: stabilized PAN fiber, quasi-carbon fiber, quasi-carbonization, thermal stability, mi-
crostructure, tensile properties, electrical resistivity.
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Table 1. Variation of Chemical Composition from
Stabilized PAN Fiber to Carbon Fiber through
Quasi-carbon Fiber

chemical stabilized quasi-carbon fiber commercial
composition PAN fiber ———————— PAN-based
(%) (As-received) cvcleZ cycle3 carhon fiber
carbon 62 83 86 95
nitrogen 22 10 11 4
oxygen 11.8 6.4 25 0.9
hydrogen 4.2 0.6 05 0.1
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Table 2. Comparison of Weight Loss, Longitudi-
nal Shrinkage, and Average Fiber Diameter in the
Quasi-Carbon Fibers Prepared under Different
Heat-treatment Conditions

longitudinal fiber
shrinkage diameter

final heating weigt
specimen HTT®  rate loss

(t)  (c/h) (%) (%) (4an)
1 600 40 24 6 8.46
2 600 20 29 8 8.40
3 800 40 39 9 8.35
4 800 20 42 10 831

% HTT means heat-treatment temperature.

80

Weight change (%)

Cycle 3 Cycle 4

(2ycle t Cycle 2

Figure 1. The weight loss measured for quasi-carbon
fibers prepared from stabilized PAN fibers using dif-
ferent heat-treatment cycles at 1075 C.
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Figure 2. The longitudinal shrinkage measured for
quasi-carbon fibers prepared from stabilized PAN fi-
bers using different heat-treatment cycles at 1075 C.
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Figure 3. TGA thermograms for stabilized PAN fi-
bers heat-treated with different heating rates at 600 C
and 800 C, measured in 99.999% N,.
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Figure 4. TGA thermograms for quasi-carbon fibers
prepared with different heat-treatment cycles, mea-
sured in 99.999% N,.
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Figure 5. A comparison of the thermal stability
among a stabilized PAN fiber, quasi-carbon fibers, and
a carbon fiber, measured in air.
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Figure 7. Scanning electron microscopic observations in the longitudinal and transverse directions for quasi-carbon
fibers prepared under the same heat-treatment cycle using N, gases with different purity (top : 99.9%, bottom : 99.

999%).
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Table 3. A Summary of the Single Filament Me-
chanical Properties of a Stabilized PAN Fiber,
Quasi-carbon Fibers, and a Commercial Carbon
Fiber

ronert tensile Young's elongation
fiber property strength modulus at break
kg /mm? GPa kg;/mm’ GPa (%)
stabilized
PAN Fiber 3170 0308 7900 767 16.68
s Cyclel 20640 2004 203860 197.922 2.10
carbon Cycle2 16470 1599 123550 119951  2.08
fiber Cyce3 19840 1926 186670 181232 191
Cycle4 13380 1291 167100 162232 221
commercial
carbon fiber 4085 3966 259325 251.771 222
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Table 4. Result of the Electrical Resistivity of a
Single Filament for a Stabilized PAN Fiber,
Quasi-carbon Fibers, and a Commercial Carbon
Fiber

‘ fiber diameter C°Ctricdl
specimen resistivity
- (pm) (Q-cm)

" Sblized PAN fibr 109 159
Ccyclel 727 284x1073
quasi- cycle 2 99.999% 753 381x1073
carbon cycle 2 99.9% 5.10 37.2x1073
fiber Cycle 3 7.37 2.98x1073
Cycle 4 6.88 5.90x 1073
commercial P{XN—based o 6.50 1.50% 1073
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Figure 8. Relationship between Young's modulus and
electrical resistivity proposed from the present study.
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