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Solubilization and controlling physical progerties of coal-tar-pitch as a source
for carbon fiber: toward establishment of "bottom-up bulk chemistry"

YAMASHITA, Makoto
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Fibers of coal-tar-pitch was heated under the air in an electric tube furnace to
produce infusible pitch. Higher heating temperature led to higher oxygen contents in the resulting
infusible pitch and the main source of the oxygen can be attributed to carbonyl functionality. The
infusible pitch was further treated with alkyl Grignard reagent to form alkylated pitch, in which hydroxy
groups were observed. Upon alkylation, solubility was improved and maxima of absorption and emission were
shifted to the longer wavelength region. Alkylated pitch made at higher temperature exhibited higher
molecular weight. lIrradiation of the alkylated pitch to microwave induced dehydration reaction. The
temperature for 10% weight loss of dehydrated pitch depended on the conditions to prepare the infusible
pitch.
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Heating Pitch Fiber (PF) under the Air
to Produce Infusible (IF) Pitch
Pitch fiber (PF)

Infusible (IF) pitch
heating

Air

IR (ATR) spectra
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1 250 10 1.028

2 250 24 1.041

3 300 10 1.050 mp NCreasing

O atoms
o pF %0
5 35 10 1.035 —entry 1 "
6 350 24 0957 —entry 2
7 400 10 0935 » oxidationto ~ —entry3 =0 8
8 400 24 0.600(7 CO, —entry4 "
9 500 3 0.010 2000 1900 1800 1700 1600 1500

Wavenumber [cm™]
Heating led to appearance of C=0

Elemental Analysis and XPS for PF and IF
Pitch fiber (PF)

Infusible (IF) Pitch

heating .

|:_‘>
Air

C and O content before (PF) and after (IF) heating
temp time : Elemental analysis [%]: XPS [%]
[°C] [h] : C H C/H :Ci1s Ois

0 PF 1912 | 41 222 | :967 33

entry

1 IF 250 24 :873 | 35 249 |:916 84
2 IF 300 24 :795 | 27 294 | :863 137
3 IF 350 24 :696 | 25 278 | :820 171

4 IF 400 24 : 695 23 30.2y: 767 232
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Alkylation of IF with Grignard reagent

Infusible (IF) Pitch _ Alkylated IF (AIF)

1) (1-dodecyl)MgBr
15 mmol 5
2) NH,Cl aq.

Pitch fiber (PF)

UV-vis-NIR
1 Normalized at 300 nm,
r m =3 0.9 0.01 mg/mL in THF
emp time yiel 0.8
enti o -
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1 250 10 245 s 06 —entry 1
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2 250 24 69 £ 0a enty3
3 300 10 123 g 03 —entry 4
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wavelengh [nm]
Alkylated pitches contain larger n—systems

Comparison of XRD Spectra Before & After Alkylation
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Dehydration of Alkylated IF by Microwave

Alkylated IF (AIF)

¢ Dehydrated AIF (DAIF)
@250 °C,10h

u-wave
~__sonication 1000 W
in PhCI 20 min
30 mL &

265 mg

mg

IR (ATR) spectra
— AlF

Dehydrated AIF was Higher Solubility
Solibility in THF [mg/mL]

DAIF by pW
DAIF DAIF
v AlF by uW by heating
DAIF by heating 14.3 121 25

OHgroup alkyl group

Irradiation of p—wave induced

4000 3500 3000 2500 2000 dehydration without loss of alkyl groups

Wavenumber [cm]

XPS for Alkylated IF (AIF) and Dehydrated AIF (DAIF)
Alkylated IF (AIF)

. @250°C,10h Dehydrated AIF (DAIF)

p-wave
.~ _sonication 1000 W
in PhCI 20 min
30mL

XPS of DAIF
c=0 [coH] A C=C/c-C | 5000 Con] . c=cicc |
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0 280 280

29 285 29 285
Binding energy [eV] Binding energy [eV]
XPS [%]
AIF DAIF
Cis O1s Ci1s O1s
95.6 4.4 96.4 23

Thermogravimetric Analysis of Dehydration of Alkylated IF

TGA of AIF and DAIF @ 300 °C,24 h
DAIF @ 300 °C, 24 h

TGA of AIF and DAIF @ 300 °C,10 h
DAIF @ 300 °C,10h
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