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Molecular structure characteristics of spinnable pitch molecules synthesized by the
methods of chlorination—dechlorination and thermal polycondensation derived from

coal liquefaction residue

LIU Jinchang, LIU Qin,SHEN Chenyang, LI Yaping, AN Xiaoya, XIE Qiang, LIANG Dingcheng
(School of Chemical and Environmental Engineering , China University of Mining and Technology—Beijing , Beijing 100083 , China )
Abstract ; The property of spinnable pitch is a significant factor in determining continuously and stably industrial production of pitch—based
carbon fiber, and it also affects largely the performance of final carbon fiber. Generally, the synthesis method is an important means to
control the property of spinning pitch. Compared to the method of thermal polycondensation, chlorination—dechlorination method can con-
trollably synthesize spinnable pitch from the molecular dimension to improve the spinnability. However, there are few reports on the differ-
ences in the molecular structure characteristics of spinnable pitches synthesized by thermal polycondensation and chlorination—dechlorina-
tion methods, respectively. In this work, the molecular composition and structure of the spinnable pitches were determined by elemental
analysis, Fourier transforms infrared spectroscopy ( FTIR), X-ray photoelectron spectroscopy ( XPS) , matrix—assisted laser desorption/
ionization time—of—flight mass spectrometry (MALDI TOF-MS) , and solid—state nuclear magnetic resonance (°C—NMR). The average
molecular model method was used to construct the molecular model of spinning pitch. The results show that the spinnable pitch synthesized

by the chlorination—dechlorination method has higher carbon content and the characteristic peaks is shown at 1 490 em™ and 696 cm™ and
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XPS C Is spectra at 287.1 eV in FTIR spectra. From MALDI TOF-MS and *C-NMR analysis, spinnable pitch synthesized by chlorina-

tion—dechlorination has a higher polycondensed degree, molecular weight, and carbon aromaticity, with the average molecular weight of

857, and the carbon aromaticity of 0.87. The molecular structure of the spinnable pitch tends to be more linear in the one—dimensional di-

rection. According to the results of characterization analysis, the molecular models of spinnable pitch synthesized by chlorination—dechlori-

nation and thermal polycondensation were established using the average molecular model proposed by Shoolery—Budde.
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Table 1 Yield and ultimate content of the spinnable pitches
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Fig.1 FTIR spectra of spinnable pitches
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Fig.3 MALDI TOF-MS spectra of spinnable pitches
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Table 2 Molecular compositions and average molecular weight

G TN T/ % PARIK/ % it -3 ) =R % PR/ % PORAKLL b/ % Py sy
TC—pitch 1.80 24.47 43.15 26.03 1.53 3.01 655
CD-pitch 1.88 17.55 31.94 36.85 3.99 7.79 857
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Fig.4 "C-NMR spectra of spinnable pitches
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Table 3 Type and content of carbon groups

) RE W5 TRk * / % JFERR /% »
A TR
CH3 CHZ CHaZ Car3 Csdr Carz
TC—pitch 4.33 7.35 7.82 40.82 7.52 26.28 0.81
CD-pitch 3.01 4.20 5.95 43.57 8.98 29.59 0.87
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Fig.5 Average molecular model of spinnable pitches
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