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Characterization of Air Blown Pitches with ESR

Jae Hoon Choi, Haruo Kumagai and Yuzo Sanada

Center for Advanced Research of Energy Technology,
Hokkaido University, N-13, W-8, Sapporo 060, Japan

Reactions of coal tar and petroleum pitches with air blowing process for carbon fiber pre-

cursors were investigated. Air and nitrogen blown pitches were divided into several fractions

with solvent extraction. The fractions were characterized with electron spin resonance (ESR) .
Structural features of the pitches were well represented by the ESR parameters, such as spin
concentration (Ns) , shapes of spectra, and peak-to-peak linewidth (AHpp) which had good re-
lationships with molecular weight, the size of condensed aromatic ring, and hydrogen contents.

It is supposed that coal tar pitch was much sensitive to air blowing process rather than that of

petroleum pitch. Development of polycondenced structure at the stage of mesophase transfor-
mation was restricted in the air blowing process.

KEYWORDS : Air-blowing reaction, Coal tar pitch, Petroleum pitch, ESR (electron spin

resonance)
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Table 1 Properties of raw pitches.

Items C/H Ns2 Solubilities (wWt%)
Sample ratio (10'8spins/g) ~ HS® HI-TS® TI-PS¢ PI¢
KCTP (K)f 1.78 3.10 28.1 524 175
PP (P)s 1.44 2.10 296 525 149 3.0

a) spin concentration of whole pitch, b) n-hexane soluble,
¢) n-hexane insoluble-toluene soluble, d) toluene insoluble-pyridine soluble,
e) pyridine insoluble, f) coal tar pitch, g) petroleum pitch

Table 2 Preparation conditions and TI contents of the air and nitrogen blown pitches.

Sample?2 Gas HTT®  Soaking  Yield Texture¢ TId PIe  YTIf
(K) Time (min) (wt%) (Wt%) (Wi%) (Wi%)
KA Air 633 30 79.4 I 675 496 536
KN N2 633 540 45.2 A 66.5 412 30.1
PA Air 633 60 72.8 I 652 462 475
PN N2 633 1800 50.6 A 60.2  36.6  30.5

a) KA : air blown KCTP, KN : nitrogen blown KCTP, PA : air blown PP, PN :
nitrogen blown PP, b) heat treatment temperature, c) optical texture : 'T'" denotes
isotropic and 'A' indicates anisotropic mesophase spheres are contained. d) toluene
insoluble on the basis of the blown pitch, e) pyridine insoluble on the basis of the
blown pitch, f) yield of toluene insoluble on the basis of raw pitch
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Table 3 Molecular weight distribution? of the fractionated pitches for raw and the blown pitches.

S;‘ggéib KR KA365 KN365 PR PA365
HI-TS (A)© 510 470 620 810 760 890
TI-PS (B) ¢ 1940 1080 1380 4220 1960

B/A ratio 38 23 23 52 25 2.4

a) measured by VPO with pyridine solution, b) KR : raw KCTP, KA : air blown KCTP,
KN : nitrogen blown KCTP, PR : raw PP, PA : air blown PP, PN : nitrogen blown PP,
¢) n-hexane insoluble-toluene soluble, d) toluene insoluble-pyridine soluble
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Fig.1 FT-IR spectra for the HI-TS fractions of the raw,
air and nitrogen blown pitches prepared from
coal tar and petroleum pitches;

a: KR,b: KA,c:KN,d: PR,e: PA, f: PN
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Fig.2 Relationships between average molecular weight (Mw) and spin concentration (Ns/g : a), and mol spin con-

centration (Ns/mol : b) for the fractionated pitches;
KR: X,KA:O,KN: @, PR: +,PA: A, PN: A
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Fig.3 Relationships between C/H atmic ratio an spin
concentration (Ns/g) for the fractionated pitches;
KR: X, KA: O,KN: @,PR: +,PA: A,
PN : A
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Fig.4 Relationships between peak-to-peak linewidth

(AHpp) and average molecular weight (Mw : a),
and C/H atomic ratio (b) for the solvent-
fractionated coal tar (KCTP) and petroleum (PP)
pitches;
KR: X,KA:O,KN: @, PR: +,PA: A,
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Fig.5 Relationships between spin concentration (Ns/g) and peak-to-peak linewidth (AHpp) for the coal tar (a) and

petroleum (b) pitches;
KR, PR: [, KA,PA: O, KN,PN: A

HI-TS : open, TI-PS : half-closed, PI : closed points
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Fig.6 Shape-characterization of the 1st-derivative ESR spectra for the solvent-fractionated coal tar (a) and petrole-
um (b) pitches; HI-TS (O, @) , TI-PS (A, A) , PI ((J, M) , KA, PA : open points, KN, PN : closed

points, ho :
abscissa of arbitary point on the spectrum.

maximum peak height, h : height in ordinate of arbitrary point on the spectrum, AH : width in
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