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Abstract: In low-temperature carbonization stage, stabilized polyacrylonitrile (PAN) fibers are
pyrolyzed and recombined to transform into low-temperature carbonized fiber with rudiment of
turbostratic graphite structure. The temperature regulation of low-temperature carbonization has an
important influence on the structure and performance of the final carbon fibers. The reaction process
of stabilized fiber during low-temperature carbonization stage, the effect of the regulation of low-
temperature carbonization temperature gradient on the structural evolution of stabilized fiber and the
structure and performance of carbon fiber were studied through C-NMR, Raman, XRD and
mechanical property analysis. The results indicate that: in the process of low-temperature
carbonization heat treatment of stabilized fiber, the carbon structure shows the degree of branched
chain reaches a maximum of 0. 99, after heat treatment at 450 °C. When the heat treatment
temperature reaches 550 C, the main reaction is the recombination crosslinking reaction of stabilized
fiber’s aromatic chain segments. The low-temperature carbonization temperature gradients affect the
structural evolution of stabilized fibers. When the temperature gradient is 350-450-650 C, the “C-
NMR shift of the —C=C group in the low carbon fiber treated at 450 °C is the largest, the branching
crosslinking reactions in fiber are the most, causing the dy, of the low carbon fiber treated at 650 C

and the I,/I; of the corresponding high-temperature carbon fiber are the largest, the relative content
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of amorphous carbon is the largest and the mechanical properties of the final carbon fiber are the

worst. However, when the temperature gradient is 350-550-650 °C, the cracking and recombination

crosslinking reaction in fiber are carried out in an orderly manner, resulting in the structure of low-

temperature carbonized fiber and carbon fiber more perfect, and the density and mechanical properties

of carbon fiber are improved.
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Table 1 Process parameters of low temperature

carbonization stage

Low temperature carbonization

Sample No

Tro1/C Tro.2/C Tro.s/C

SF

17 350 350

2% 350 400

37 350 450

47 350 500

5% 350 550

67 350 600

77 350 650

87 350 700

MF-17 350 400 650
MF-27 350 450 650
MF-37 350 500 650
MF-47 350 550 650
MF-57 350 600 650
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B, LT 25 BRI (R 2 6 min, 22 A5 R — 4. 550, T -6
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Fig.1 "C-NMR spectra of stabilized fiber and 17-8%

low-temperature carbonized fibers
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Table 2 " C-NMR analysis results of stabilized fiber and 1¥-8% low-temperature carbonized fibers

Relative content of functional groups/ %
Sample No

—CHj; —CH/—CH, —C=CH —C=N —C=C —C=N —C=0
SF — 39.72 7.98 20. 38 9. 80 18. 42 3.70
17 1.32 19.08 26.11 6.01 17. 86 24.54 5.08
2% 2.01 10. 94 31.91 2.94 23.59 26.62 1.99
37 3. 64 3.68 36. 80 0. 64 26. 82 27.59 0. 83
47 2.04 3.01 34. 35 - 31.00 29. 60 —
5% — — 33.95 — 32.79 33. 26 -
67 — — 23. 60 — 43.92 32.48 —
77 — - 18.63 — 49.47 31.90 —
87 — — 18. 80 55. 27 25.93 —
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fibers with different heat treatment temperatures
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I3C-NMR analysis of low-temperature carbonized fibers with different temperature gradient treatment

()3 C-NMR spectra; (b)*C-NMR chemical shift of —C=C group
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Fig. 9 Raman spectra(a) and Ia/I;(b) of carbon fibers with different temperature gradient treatment

J1EVERE B RN ER 3w, Hoh oy IR, LR
W o MY IS LR L CF27 Sy 24 1k i A0 850 % 1k 1 f
2,1 CFA7 Al 5 CF27 M . CF47 By 7 sk & o
BE T 24, 3% bR ERET 7. 1%., A
SC, M 2R AL T IX A B 27 4 0 Bk 25 # <2 4 T AR

JEE A I 23 7 T DA i 7 Ak A Ak B]R . il 22 19 T
TE B 45 K M AL/ 14 57 K AL 25 4 A5 P i 5 ik £F 2
14 T R T B i 0 L 51 R B 2T 4R ) A PR RE B R I
R A £ 4 1 57 K A 45 Al B 22 i G ik 46 A
S JIT i) 6 4 ik £ 4 v G S TP ik 5 o AR L 45 A SN

R3 REBRAEFHRBRTHE SR

Table 3

Low-temperature carbonized fibers structure and mechanical properties of carbon fibers

Low-temperature carbonized fiber Carbon fiber

Sample No In/I; Sample No ov/(g s cm™®) on/(g+sm™ D) o/MPa E/GPa
MF-17 0.62 CF1 1.762 0.171 3820 236
MF-27 1.35 CF2 1. 754 0.172 3540 224
MF-37 0.53 CF3 1. 760 0.169 4150 238
MF-47 0.32 CF4 1. 769 0. 169 4400 240
MF-57 0. 94 CF5 1. 764 0.166 3660 233
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