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carbon fibers as a function of HTT
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Fig. 2 Curve fitting of (a) T300 and (b) heat
treated at 2 000 C
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Table 1 Raman parameters of PAN-based carbon fibers with different heat treatment temperature

HTT D-line/em ! G-line/cm ! D’-line/cm ™! R In/Ip R’ L./nm
/C Raman shift FWHM Raman shift FWHM Raman shift FWHM  (Area) (Area) (Area) (XRD)
T300 1364.7 246. 4 1 600. 6 74.5 3.63 4.1

2 000 1357.5 56.9 1588.0 51.1 1619.5 26.1 0.96 0.13 0.13 9.8

2 200 1 358.4 44. 4 1 587.5 40. 4 1622.9 19.7 0. 69 0.12 0.08 11. 97
2 400 1358.1 38.5 1 586.0 33.0 1622.3 17.9 0.52 0.12 0. 06 13.73
2 600 1 358.6 34.5 1585.1 26. 8 1623.2 13.9 0.33 0.11 0. 04 15.01
2 800 1358.1 33.0 1584.8 25.7 1623.2 10.9 0.28 0.09 0.02 17.07
3 000 1 358.4 32.0 1584.8 22. 4 1625.0 7.7 0.19 0.08 0.01 18. 97
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Fig. 3 Full widths at half-maximum intensity (FWHM)
of the D, G and D’ bands as a function of HTT
1. D-line; 2: G-line; 3: D'-line
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Fig. 4 The integrated intensity ratio I, /I (R)

as a function of HTT

MO DL B S5 5, AT LLIA N A b1 L SR LR B 1) R
Bt A 3 A M. —EDLMGLWPEmIEE. & GCL
P2 M., =& D&M G LB RELL R,

2.3 HEkit5 XRD ByEX M

M 1 40 9 Bdie vT A, B AL SR CHT'D /) 7
s FUFT 4 XRD R4S 6 8B e L, B2 3K, R (AN
Wl I RIPIE ZAA R R, K 5 BF
o WIS [ 0 0 428 2k T A 0 508 1 P R G M B i i )
—AEER AL, RIS HTT F&, L, B8 0, i i
WA T, HEREAE T E B, SR BB,
SEIRAE P LIRS R . X —25 RS Tuinstra %0 ff
G SR RS A SR A M R SR D F R S SR AL AW & . T
B A A B IR A R A AR L S RO T

MIELS LA M6 R AT LIS B AN T &t 2

1
L,

Horb L AUCRA e b A s UM A SE T SE B . L0600 nm;
RoAHE e D&k GBA B RER L/ L. %H

=0.042 440.061 5 XR



2252 Sk 56

27 %

LA RIA R 0. 993 4, I, $r &Gl LIAE b E &
FAETRM RTS8 L, (0 —Fh T F B,

0.10

V/L/nm™

0.061

0.2 0.4 0.6 0.8 10
R(Area)
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Fig. 6 The first-order spectrum taken from the surface
and the cross-section of fibers
(a); T300; (b): heat treated at 2 800 C
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Raman Spectra of PAN-Based Carbon Fibers during Graphitization
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Abstract Laser Raman spectroscopy was employed to characterize the structure of PAN-based carbon fibers during graphitiza-
tion (2 000-3 000 ‘C), and the spectra of the surface and the cross section of the fibers were compared. The results show that
the Raman spectra of the fibers after graphitization can be separated as three bands (D, G and D). The degree of disorder of the
fibers can be measured by Raman spectra parameter, such as the full-widths at half maximum (FWHM) of D and G bands, Ra-
man shift of G band, and the integrated intensity ratio in the form of R(I,/I;). Further investigation demonstrated that the
FWHM of D and G bands, Raman shift of G band and the value of R decrease with increasing heat treatment temperature
(HTT). The D band can be seen and the value of R is 0. 19 even after being heat treated at 3 000 ‘C, indicting that the fibers
still have disordered carbons. In addition, the value of R is linearly related to the reciprocal of the basal plane length of the crys-
tallites (L,). The spectra of the surface and the cross-section of the fibers after graphitization show obvious difference. So the

degree of graphitization and preferred orientation of carbon fibers can be quantitatively characterized by laser Raman spectrosco-

py.
Keywords Raman spectra; Carbon fiber; Microstructure; Orientation
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