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Abstract— Characteristics and rates of polymerization of coal tar pitch(CTP) for general purpose carbon fiber by an air-
blowing process in the bubble column reactor were investigated. The bubble column reactor contributed to increasing the po-
lymerization reaction rate of CTP in an air-blowing process. This increase in the polymerization rate is due to the enhanced
mass transfer area between molten pitch and reacting gas, and the homogeneous mixing of reactants. Toluene insoluble(TI)
and Quinoline insoluble(QI), C/H ratio. and softening point of reforming pitch were increased compared to the case when
raw CTP was used. Kinetic parameters, such as k value with temperature, activation energy, and frequency factor could be
obtained by the continuous reaction model from the results. The optimum reforming condition from these kinetic parameters
could be selected to control the reaction of CTP by the air-blowing process. The activation energy for the polymerization of
pitch decreased dramatically because a little bit of oxygen which acted as a catalyst in the reaction was remained in the

pitch as a hydroxyl group, ketone, ester and so on.
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Table 1. Characteristics of precursor pitch

Solubility(wt) Elemental analysis(wt%) C/H ratio  S.P(°C)

T1 Ql C H N

1.7034 119
273 03 9282 454 120 1.09

TI: Toluene Insoluble, QI: Quinoline Insoluble, S.P: Softening Point.
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Fig. 1. Schematic diagram of experimental apparatus.
1. Bubble reactor 7. SUS block
2. Distributor 8. Flow meter
3. Furnace 9. Pressure gauge
4. PID controller 10. Control valve
5. Thermocouple 11. N, gas cylinder
6. Sample port 12. Reaction gas cylinder
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Table 2. Functional groups of FT-IR spectrum

Wave number(cm ') Functional group

3450 hydrogen bonded OH, phenolic OH
3030-3050 aromatic CH stretch

2920 aliphatic CH stretch

1700 > C=0 carbonyl group

1600 aromatic C=C

1450 CH,, CH,. group, aromartic C=C bonds
1375-1380 CH; groups

1260 C=0 stretch

870-872 CH bending(out of plane) of aromatic
800—805:| and condensed aromatic ring
750-758
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Table 3. Air blowing conditions and properties of the air-blown f c:/ '/
pitch * o = -/-/;
Reaction Reaction S.P Yield Solubility C/H O, / 0/
temp.(°C) time(min) (C) (wt%) TI QI ratio content 20 - ;/
CTP1 290 30 213 8237 545 156 1812 0.704 /
CTP2 - 60) 248 81.64 60.2 244 1852 1.765 0* ] | n )
CTP3 ! 120 255 80.34 623 287 1875 1924 4] 30 60 90 120 150
CTP4 310 30 230 79.85 582 203 1882 1.671 Time (min)
CTP5 : 60 278 7866 658 322 1933 2016 Fig. 3. Changes of toluene and quinoline insoluble contents at dif-
CTP6 120 300 77.00 69.8 385 1953 2202 ferent temperatures.
CTP7 330 30 270 7532 64.8 32.8 1924 1.607 330°C 210°C 290) °C
CTP8 B 60 325 7477 713 41.6 1965 2105 TI- © A A~
CTP9 T 120 335 7445 756 502 1985 1.594 oI: = A °
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Fig. 10. Constituents diagram of air-blown pitch at different tem-
peratures.
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Fig. 11. Change of toluene solubles with reaction time at different
temperatures.
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Fig. 12. Plot of Arrhenius from the rate of TI and QI formation for
air blowing.
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Table 4. Kinetic parameter of isotropic pitch formation

K(x 10)* Temperature(“C) e Ers
290 310 330
k, 0.0451 0.0742 0.0902 3.2328 11.80
k, 0.0078 (.0060 0.0121 0.6507 9.56
k/k, 5.7950 12.3050 7.4850

*Rate constant, min !

ergy, kcal/mol.

1 . - .
, **Frequency factor, min ', ***Activation en-
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