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Abstract—Cyclization reaction degree and optimum heat treatment conditions of polyacrylonitrile-copolymer
fiber during the oxidation process were investigated by the relative cyclization grade method. When the raw fiber
was heated at 1°C /min, cyclization reaction started slowly at about 180°C, and progressed rapidly after
210°C, But there was a tendency of breaking off the cyclized fiber above 260°C and the maximum relative
cyclization grade was about 0,52, The relative cyclization grade of oxidized fiber could be increased above
0.9 by selecting isothermal treatment, but it is recommended to maintain about (,7-0,9 during the oxida-
tion process. With isothermal treatment, cyclization was the first-order reaction, the activation energy and the
frequency factor were 21, 44 kcal/mol and 2,2X10° sec-1 respectively in the range of 210°C-2507C.

1. M £

B4l f-o Alze PANAIRE 200~300C ofl4]
Abshato of ok A iw 712 2 ¥ 700~1800C ° =
Loz wsIle F B vhded, AbSky
gl sesle Hellzke] AAZ Az 70~

80% -l 3 A 5o of &
glzzlell 2A o "r}%



452 SEER

B AUZE obd A E FAYHAT,  Fried
lander 5 (1), Bailey®2} Clarke(2) 50| me|shul3-$&
Fgoz Mg A5d AUES Lad o An,
Grassie 2} McGuchan(3)€ 4 wt% 2l methyl acry -
late S Zebe PANZFHH 7L AbsksHollA &

AbgsbA = ol et
PAN ¢ z|sit-g-o] o #H3E&e Turners}
Johnson (4] o d-EalA] G s 7B E 4,
Bahl &} Manacha(5) ¢ 4 %2 %3 zeisle] A
A AA S 02 el oF 4~ 9o} Miller(6) &
2459 DTAZA S 24 o] (H)oh A8 A

2 A Fe DTAFAS Hxn# &l (H) 2l 2, AH
£ F8l3, AH/HE Adinelste, Rel & o)sled
o] go e me|shdbSo AP E A Itxk
& 4 A5 E et

ahebd,
& o] ogz-,ilgi PAN
scale updhal, 1 g|ahub 4
Stod, scale up @ 7ol thsol ofei7hx Ak}
2ol G AdnelBeg Ao
gl z7A5 AAlstnzt skl

S
& A7t Fig. 13 3eH(7)
a8le g ¥e DTASAS 2nyge Hadulgo
o3t TEASS Bl oln] ekl A4
of webd HzAHe Fo|7b ok Al vpebyieh o
Az D AdFe 180Tl el 12| 3fakgo] ole]

SiStES M24T™ M6 198611 12

. 40 s8F

§ —

N @)

v 30F < 64

2 £

- 202 4

£ 5

2 10k 2+ DTA-1
_——— DTA-2

oL L

1 1 1
100 200 300 400

Temperature (C)
Fig.1. DTA curves of PAN copolymer fiber.
DTA-1; raw fiber, DTA-2;0xidized fiber
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Table 1. Components of PAN copolymer fiber.

Component x;l;ftmar wt % Mole %
PAN* 65. 07 93 95.2
MA** 86. 09 6 4.3
ITA*** 130. 10 1 0.5

*PAN®] Molecular weight+ cyclization k2ol 2|
] cldstrzRg @4 4 2 unit mono-
mer 2| -£x}gk ol

**Methyl acrylate

*¥**taconic acid

Table 2. Physical properties of PAN copolymer

fiber.
Density (g/cm?) 1.20
Denier (g/9KM-fiber] 1.12
Number of filament [(EA) 12000
Cross section area [mm?) 1.039x10*
of a filament
Tensile strength (MN/m?) 695. 4
Young modulus (GN/m?) 12.7
Extension at break (%) 16. 1
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Fig. 3. Relative cyclization grade and density
of PAN copolymer fiber with respect
to heat treatment temperature.

heating rate; 1°C/min.
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NOMENCLATURE

concentration of reactant

s - concentration of reactant at t=t |
activation energy, cal/g-mol
height of energy loss in DTA of raw
PAN copolymer fiber

H’ . height of energy loss in DTA of

oxidized PAN copolymer fiber
AH : difference between H and H’
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reaction rate constant

frequency factor

reaction order

gas constant, cal/g-mol, °K
relative cyclization grade at time t
relative cyclization grade at t=t,
conversion

REFERENCES

. Friedlander, H.N., Peebles, L.H., Brandrup,

J. and Kirby, J.R.: Macromolecules, vol. 1,
No. 1,79 (1968).

. Bailey, J.E. and Clarke, AJ.. Nature, 234,

522.(1971).

. Grassie, N. and McGuchan, K.: Eup. Polm.

J., 7,1091 (1971).

. Turner, W.N. and Johnson, E.: J. Appl

Polym. Sci., 13,2073 (1969).

. Bahl, O.P. and Manocha, L.M.: Die Ange-

wandte Makromolekulare Chemie, 48, 145
(1975).

. Miiller, D.J.: Ph.D. Dissertation, Institut fiir

Chemische  Technik, Karlsruhe Univ.,

A

10.

11,

12,

13.

14,

15.

16.

o
g2 1

2] nels 4

olo

457

Karlsruhe, W. Germany (1973).

. Seong, H.J.: M.S. Thesis, Chungnam Nat,

Univ., Chungnam, Korea (1984).

. Burlant, W.J. and Parsons, J.L.: J. Poly, Sci.,

22,249 (1956).

. Fitzer, E. and Miiller, D.J.: Carbon, 13, 63

(1975).

Watt, W, and Johnson, W.: Appl. Polym.
Symp., No. 9,215 (1969).

Fitzer, E. and Fiedler, A.K.: Polym, Prepr.
Am. Chem. Soc., Div. Polym. Chem.,
Tagung, Detroit 14,401 (1973).

Noh, I. and Yu, H.: J. Polym. Sci., 34, 721
(1966).

Fiedler, AKK., Fitzer, E. and Miiller, D.J.:
Makromol. Chem., 144,117 (1971).
Takaku, A., Kobayashi, T., Terui, S., Okui,
N. and Shimiju, T.: Fibre Sci. and Tech.,
15,87 (1981).

Johnson, W._, Phillips, L.N. and Watt, W.:
UK. Patent, No. 1110791 (1968).

Coopei, G.A., Mayer, R.M. and Watt, W.:
UK. Patent, No. 1352141 (1974).

HWAHAK KONGHAK Vol. 24, No. 6, December 1986



