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Microstructure difference on skin and core of domestic PAN-based
carbon fibers characterized by Raman spectroscopy

WU Shuai, LIU Yun-qi, GE Yi-cheng, RAN Li-ping, PENG Ke, YI Mao-zhong

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Laser Raman spectroscopy was used to characterize the microstructure difference between the cross sections
and surfaces of domestic T300—12K PAN-based carbon fibers (ST300 and CCF300) with the spectra fitting by Voigt
function, and the Japanese Toray PAN-based carbon fiber T300 was compared. The results show that the crystallization
degree of domestic carbon fibers is lower than that of Toray T300. There is obvious skin-core structure difference in
domestic carbon fiber ST300 with an ordered skin and disordered core. Compared with the crystallite size of ST300, the
crystallite sizes of CCF300 and T300 are relatively uniform from skin region to core region. Domestic carbon fiber
CCF300 as well as Toray T300 with nearly homogeneous structure have nearly equal tensile strengths, 3.31 and 3.35 GPa,
respectively. Yet the tensile strength and strain rate of ST300 are lower, indicating that structure inhomogeneity in the
transverse sections of PAN-carbon fibers have negative effect on the tensile strength. Carbon fiber with a more ordered
surface than core region has lower tensile strength. Carbon fiber with lower content of amorphous carbon has higher
elastic modulus.
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Fig. 1 Schematic diagram of carbon fiber cross section(a) and

surface(b) for Raman test
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Table 1 First-order Raman bands and vibration modes

reported for carbon materialst ™

Band S}igl/l::* Vibration mode
D4 ~1190  Disordered graphitic lattice(A,, symmetry)
D1 ~1358  Disordered graphitic lattice(A,, symmetry)
D3 ~1523 Amorphous carbon
G ~1598 Ideal graphitic lattice(E,, symmetry)
D2 ~1620  Disordered graphitic lattice(E,, symmetry)
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Fig. 2 Curve fitting results of Raman spectrum for PAN-based

carbon fiber
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Fig. 3 Raman spectra and curve fitting results of three kinds of PAN-based carbon fiber cross sections and surfaces: (a) Raman
spectra of ST300; (b) Curve fitting result of ST300; (c) Raman spectra of CCF300; (d) Curve fitting result of CCF300; (¢) Raman
spectra of T300; (f) Curve fitting result of T300
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Table 2 Peak positions of PAN-carbon fiber cross sections and surfaces

Peak position/cm ' Distance between D1 peak
Sample Area -
D4 DI D3 G and G peak/cm
Cross section 1183 1366 1532 1602 236
ST300
Surface 1188 1374 1492 1588 214
Cross section 1175 1366 1524 1600 234
CCF300
Surface 1166 1367 1524 1598 231
Cross section 1195 1355 1533 1603 248
T300

Surface 1199 1362 1536 1602 240
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Fig. 4 FWHM of Raman spectra of different peaks of PAN-carbon fiber cross sections and surfaces: (a) D1 peak; (b) G peak
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Fig. 5 Intensity ratios of D1 peak with G peak at different

positions of PAN-carbon fibers
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Table 3 Tensile strength of PAN-carbon fibers and peak

intensity ratios

Strain  Tensile Elasticity  Ips/lg of
Sample rate/ strength/ Rgypmee — modulus/ Cross
% GPa GPa section
ST300 1.41 2.70 1.73 197.3 0.60
CCF300 1.68 3.31 1.99 200.7 0.53
T300 1.74 3.35 2.11 192.6 0.70
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Fig. 6 Fracture SEM image of ST300 carbon fiber
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Fig. 7 TEM image and HRTEM images of PAN-based carbon fiber ST300: (a) TEM image of thin slice of ST300; (b) HRTEM

image of skin region in ST300; (c) HRTEM image of core region in ST300
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