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Fig. 1 Serial patterns of X-ray diffraction for a
variation of the sample with temperature in air
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Tab. 1 The microcrystalline size and the degree of crystallity of PAN fibers

at the different temperatures and various times of constant temperature

Jemp. 195 220 235 250

© Inficro- degree of |Micro- degree of | Micro- degree of | Micro- degree of
Time crystalline size crystallity |crystalline size crystallity |crystalline size crystallity |crystalline size crystallity

_Cmin) (nm) %) (nm) % (nm) ($3) (nm) %

0o 13.24 50. 24 11. 87 46. 85 9. 46 34. 34 9.93 17. 83

10 13.23 49.75 10.18 35.54 7.23 21.98 6. 62 8.51

20 13.23 49. 84 9.93 29. 99 6. 62 17.53 4. 97 5.93

30 12.43 45. 45 9. 69 25. 82 6. 11 14.35 4.41 3.93

40 12. 04 45. 85 9. 24 22.51 5. 68 13.03 3.97 3.69

50 11.68 45. 48 8.82 19. 87 4.97 10. 56 3.31 2. 48
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Fig. 3 X-ray diffraction profiles of the sample py- Fig. 4 Relationship between an aromatization
rolysized under different times of constant temperature index and the pyrolytic time when PAN fibers
at 250C pyrolysized at different temperatures
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Fig. 5 Relationship between the spacing of lattice

(d,n) for sample and the pyrolytic time at different

temperatures

Spacing of lattic (nm)

time (min)

E 0.58 - M
- 5 —84
-g 0.56 |-
3 - — »—186°C 8.6
w 0541 ‘\N—-\-gg—-o:ﬂo'c —8.6p
250°C —8.8
E 0.52} 8
@ 0.50 ) It 1 1 -9.0 a1 [ I T T |
0 10 20 30 40 1.90 2.00 2.10 2.20
t (mm) l/Tx lo-!

Fig. 6 Relationship between In K and

/T
In K
1/T 107°



554 ® 4 T ¥ # 19934

B % B S48 InK X e BB E 43 R (A 6FTR). W 6By H MR RBIR

BRI R YR 15 B8 M 95. 5966 F #/BE/R.
LR, O X-SRATHBEARN T 8 PAN £ 4E 1 3135 ARG AEF B B 1y M AE
R BET 743 T AT R BB LU B4 F o H RIML N M 3h 1247 8. T, I E =R

RN PAN ERGEERBEAIRPHRALERS L TEENNFHE.
L e LT A TG s 20

£ ¥ X ™

(1] Collins, G. L., Thomas, N. W., Wiliams, G. E., Carbon, 1988,26,671

[2] Raskovic, V., Marinkovic, Carbon, 1978,13,535

(3] Mun-Soo Lee, Keizo Miyasaka, & %% &3 ,1990,46,263

(4] Warner, S. B., Peebles, L. H., Uhimann, D. R., J. Mater. Sci. , 1979,14,565

(5] SHEX.BARX-HAMMER, HAT I KN, 1988,P. 43

(6] Wegener, W., Merkle, R. , Ges, Z., Textile Industrie, 1971,73,303

{71 Gupta, A. K., Chand, N., Ewr. Polym. J., 1979,15,899

{8] Bohn, C. R., Schaefgen, J. R., Statton, W. O., J. Polym. Sci., 1961,55,531

{9] Warner, S. B., Uhlmann, D. R., J. Mater. Sci., 1979,14,1893

[10] e BRI, FE A BHaE2F 0, 1988,6,3,278

[11] Debye, P., Scherrer, P., Physik. Z., 1917,18,291

[12] Alexander, L. E., “X-Ray Ditfraction Methods In Polymer Science”, Wiley-Interscience, New York, 1969,
p.167—168

[13] Minagawa, M. , Okamoto, M. , Ishizuka, O. , J. Polym. Sci., Polym. Chem. Edition, 1978,16,11,3031

{141 Uchida, T., Shinoyama, I., Ito, Y., Nukuda, K. , Poc. of the 10TH Bienn. Conf. on Carbon, Bethlehem,
PA, 1971,p. 31

[15] Gupta, A. K., Singhal, R. P., J. Polym. Sci. . Polym. Phys. Ed., 1983,21,2243



581 RRAS. HEN X-HERAMH AR PAN FEM N SABIGERMFLHIEHTR 555

INVESTIGATION ON THE CHARACTERISTICS OF THE DYNAMIC
PYROLYSIS AND THE KINETICS OF THE CYCLIZATION FOR PAN
FIBERS USING IN-SITU X-RAY DIFFRACTION TECHNIQUES

ZHAO Genxiang
(Shanxi Institute of Coal Chemistry, Academia Sinica, Taiyuan Post code; 030001)

TAO Kun
(Department of Materials Science, Qinghua University, Beijing Post code, 100084)

ABSTRACT

The preoxidizing process of polyacrylonitrile (PAN) fiber is investigated with in-situ X-
ray diffraction techniques in this paper. Through experiment, we determined the curve of
wide angles diffractering intensity. From the resolution charts which were gained of different
times from the determination of PAN WAXD(wide-angle X-ray diffraction), one can calculate
the crystallinity, the microcrystalline sizes, the spacing of lattice and the “aromatization in-
dex” values for the samples. And all this, these parameters with transient case of the change
of the experimental condition were discussed in detail. Simultaneously, the behaviour of the
cyclizatic kinetics during the processing of PAN fiber to preoxidized fiber was described. The
rate constant of cyclization reaction and the activation parameter of cyclization at each temper-
ature were calculated. The studies of these structural parameters and kinetics may provide
some fundamental information for the optimizing control for the industrial process of the high-
performance PAN-based carbon fibers.

Key words PAN fiber, Pyrolytic characteristics, Kinetics of cyclization, In-situ X-ray
diffraction techniques





