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Abstract—Kinetic studies on the mesophase formation in the pitch were carried out. Naphtha tar
pitch(NTP) and straight asphalt(SA) were heat-treated in the temperature range of 410-450C. The
weight loss(V) of the pitches during the reaction was measured and the heat-treated pitches were
also fractionated into benzene solubles(R), benzene insolubles/quinoline solubles(S) and quinoline in-
solubles(C).

The kinetics of the mesophase formation can be analysed by the following multiple reaction model
in which the rate equation of each step is assumed to be first order:
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The activation energies(E) of each step for NTP and SA were 15-65 and 29-61 kcal/mole, respec-
tively. The kinetic studies indicate that the following heat treatment conditions would be appropriate

for preparing a spinnable mesophase :

—NTP : a lower temperature since E,<E; & E,

—SA : a higher temperature at an early stage and a lower temperature at a later stage since E,<E,;
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Table 1. Properties of precursor pitches
Solubility(wt %)
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Pitch BS BLQS® QP C/H (2 SP(0)
NTP 872 128 0 126 081 90
SA 100 0 0 067 036 41
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Table 2. Characteristic values determined from experi-

Table 3. Kinetic parameters of mesophase formation

mental data for NTP and SA
. Temp.  touu . k Temperature(C) .
Pitch (©) ey o Comr Cvnw Pitch (y10-90 410 430 450 k”  E
NTP 410 320 0.34 0.60 040 NTP ki 203 382 721 1.78X1¢° 31.08
430 1.25 0.34 0.64 0.36 ko 150 329 792 161X102 40.76
450 0.25 0.37 0.73 0.28 ks 088 140 160 9.33X10° 1565
SA 410 5.40 0.13 0.22 0.78 ky 0.14 056 192 564X10%® 64.39
430 3.00 0.15 0.27 0.73 SA k; 066 141 428 291X10“ 45.86
450 0.80 0.13 0.36 0.64 ks 110 2.03 13.05 1.86X10*® 60.39
ks 007 019 0.71 3.21X10*® 55.18
ka 210 335 7.04 567X10° 29.54
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Fig. 4. Arrhenius plots for NTP(a) and SA(b).
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Table 4. Ratios of rate constants at various tempera-
tures for NTP and SA

Pitch Temp. Ratio of rate constants
() ki/k; ki/k4 ko/k3 ka/ky
NTP 410 135 14.50 1.70 6.29
430 1.16 6.82 2.35 2.50
450 091 3.76 495 0.83
SA 410 0.60 0.31 15.71 0.03

430 0.69 0.42 10.68 0.06
450 0.33 0.61 18.38 0.10
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NOMENCLATURE

: concentration [mole//]; C¢, of fraction C; Cg,
of fraction R ; Cs, of fraction S; Cy, of fraction
\%

: fraction of quinoline insoluble

: initial concentration [mole//]

: maximum concentration [ mole/]

: activation energy [kcal/mole]

: reaction rate constant [min~']

: frequency factor [min~']

: fraction of benzene soluble

: fraction of benzene insoluble/quinoline solu-
ble

: reaction temperature [K]

: reaction time [hr]

: reaction time at Cspu [hr]

: fraction of volatile component
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