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[Regular Paper]

Preparation of Mesophase Pitch and High Performance
Carbon Fiber from Decant Oil
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The most efficient process and conditions for the preparation of mesophase pitch and carbon fiber from decant
oil were examined. Mesophase pitch yield was extremely low (4.6%) when prepared directly by one step. A
preparation method combining heat-treatment under pressure and heating under nitrogen flow improved the
mesophase pitch yield to 19.0%. The optimum raw material was aromatic rich decant oil with a density of 1.05
g/cm® or more. The pressurizing heat-treatment temperature of the first step was optimum at about 400°C based
on reaction time and solid carbonaceous formation. Carbon fiber thinner than 10 um could be spun from
mesophase pitch with lower content of quinoline-insoluble material. Carbon fiber spun from mesophase pitch
with higher quinoline-insoluble content showed higher Young’s modulus and tensile strength. Stabilization in

air with 2% NO; improved the tensile strength.
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Table 1 Composition of Decant Oils
Density Saturates Aromatics Resin
[g/em’] [%] [%] [%]
DO1 0.9512 42.7 53.1 42
DO2 0.9788 34.1 62.2 3.7
DO3 1.0051 29.8 65.0 52
DO4 1.0510 18.6 80.3 0.9
DOS5 1.0578 14.7 82.1 1.8
DO6 1.0985 15.5 83.5 1.0
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Table 2 Properties of Heat-treated Decant Oil 4 at the First
Step

Heat-treatment

. Solid products  Pitch yield SP  BI
temperature and time

on wall [%] [%] [Tl (%]

[C-h]

400-3 0 529 40 1.9
430-3 0.7 46.3 51 126
450-3 16.2 36.0 92 149

SP: softening point, BI: benzene insoluble.
Initial pressure: 1 MPa.

Table 3 Properties of Mesophase Pitches Prepared at the

Second Step
o S vea s o Mo
0 9 9
- (%1 IC1 1% g
DO4 2 4.6 255 — 75
400-3 7 11.3 268 26.0 70
10 10.6 295 324 95
13 10.2 308 33.0 100
430-3 6 16.8 280 21.8 70
12 15.4 315 38.8 100
450-3 2 20.3 282 13.2 50
4 19.4 303 21.1 85
6 19.0 318 29.1 100

Reaction conditions; temperature: 400C, nitrogen flow: 600
m//min.
QI: quinoline-insoluble material.
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Fig. 2 Correlation between Spinning Temperature and

Quinoline-insoluble Content
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Mesophase Content

Table 4 Properties of Various Heat-treated Decant Oils at the

First Step
DO Density Yield SP BI
[g/em?] [%] [C] [%]
DO1 0.9512 24.8 40 1.7
DO3 1.0051 32.0 45 3.0
DO4 1.0510 47.7 48 4.1
DO5 1.0578 49.1 64 7.0

Reaction conditions; temperature: 410C, time: 3 h.
Initial pressure: 1 MPa.

Table 5 Properties of Mesophase Pitches Prepared at the Second Step

Mesophase pitch Temp. [C] Time [h] Yield [%)] SP[TC] QI[%] Mesophase content [ %]
DO1-400 400 9 79 278 36.6 95
DO3-380 380 18 — 271 23.2 100
DO3-400 400 8 10.3 277 352 100
DO4-400 400 7 14.7 277 26.7 100
DO5-400 400 6.5 17.1 280 25.7 100

Nitrogen flow: 600 m//min.
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Fig. 6 Weight Gain during Stabilization of Pitch Fiber

Stabilization: (a) 260°C, (b) 280C.

Fig. 7 Cross Sectional Textures of Carbon Fiber Heat-treated
at 2500C
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Fig. 9 Solubility Changes of Pitch Fiber during Stabilization
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Fig. 10 Weight Gain during Stabilization of Pitch Fiber

Table 6 Properties of Product Carbon Fiber

Mesophase QI Young’s Tensile .Fiber
itch (%] modulus strength diameter
s (GPa] [MPa] [um]
DO1-400 36.6 697 3220 9.4
DO3-400 352 671 3440 9.4
DO4-400 26.7 557 3120 9.3
DO5-400 25.7 548 2900 9.2

Stabilization: 300°C-60 min, in air.
Heat-treatment: 700°C and then 2500°C-30 s.

Table 7 Properties of Product Carbon Fiber

Young’s Tensile Fiber
Mesophase pitch modulus strength diameter
[GPa] [MPa] [Hm]
DO3-400 745 3700 9.6
DO5-400 925 3780 9.7

Stabilization: 240°C-60 min, in air+2% NO.
Heat-treatment: 700°C and then 2500°C-30 s.
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