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Development and Trends of PAN-Based High
Performance Carbon Fiber in China
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( Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: This article summarized worldwide history of PAN-based carbon fiber development, analyzed and discussed
developing process of the carbon fiber in the past four decades in China. With the breaking key technologies in AN/DMSO
solution polymerization and in wet-spinning of carbon fiber precursor preparation, development strategies of high perform-
ance carbon fiber in China has been determined. The transformation and updating of the high performance carbon fiber pro-
duction in China has been achieved due to the breakthrough of PAN-based carbon fiber technology using organic solvents
system. The progress has not only provided powerful technology platforms for rapid development of the carbon fiber in the
last decades, but also supported sustainable development of the high performance carbon fiber products and technologies.
Based on above development, a technology system in which DMSO system is taken as technology majority has been estab-
lished. This article also described the localization of carbon fiber products and related technologies as well as current status
were introduced in detail, challenges and obstacles that are still standing on the way of carbon fiber localization were also
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analyzed, with suggestions were proposed.
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Fig. 1  Morphologies of Japanese Toray and Toho carbon fiber( CF)
F1 BEPANBRFHERLER
Table 1 The precursor technology of PAN CF in different companies

Mitsubishi Asahi Kasei Hexcel Cytex Courtoulds
Company Toray( Japan) Toho (Japan) (Japan) (Japan) ( America) ( America) (England)

Solvent DMSO (wet-spinning/ ZnCl, + HCI DMF HNO, NaSCN DMSO NaSCN

dry-spinning)
T300, T700 etc. high tensile strength CF Hich tensile strenath
T800, T1000 etc. high tensile strength gh lensife streng High tensile . similar to
. . series (' T800) (' similar to L. similar to L.
Characteristic and middle modulus CF Tor T800) . high strength similar to Tor Torayca similar to
of CF M40 etc. high modulus CF m 3 alyca i (;n dgl (similar to  Torayca T300 T308 iy’lc‘ESiOO high strength  Torayca T300
M40J, M70]J etc. high tensile oduus series A modutus Torayca T800) series

strength and high modulus CF 155 ~650 GPa)
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Table 2 The properties of CF manufactured in Japan and America

Series strer[r‘l‘:ll;l/lfépa mo(ril‘lflissl/l%Pa Elongation/%  Density/g + cm’ Manufacturer
T300 3.53 230 1.5 1.76 Toray, Japan
T700S 4.90 230 2.1 1. 80 Toray, Japan
T700G 4.90 240 2.0 1.80 Toray, Japan
T80OH 5.49 294 1.9 1. 81 Toray, Japan
T800S 5.88 294 2.0 1.80 Toray, Japan
T1000G 6. 40 294 2.4 1.80 Toray, Japan
M40 2.74 392 0.7 1.81 Toray, Japan
M35] 4.70 343 1.4 1.75 Toray, Japan
M40J 4.41 377 1.2 1.77 Toray, Japan
M50J 4.12 475 0.8 1.88 Toray, Japan
M55) 4.02 540 0.8 1.91 Toray, Japan
M60) 3.92 588 0.7 1.93 Toray, Japan
M70] 3.50 680 0.5 — Toray, Japan
HTA 3.92 235 1.7 1.76 Toho, Japan
UT500 4.81 240 2.0 1.80 Toho, Japan
IM600 5.79 285 2.0 1.80 Toho, Japan
UM40 4.90 380 1.2 1.79 Toho, Japan
UM68 3.33 650 0.5 1.97 Toho, Japan
As4C 4. 15 231 1.8 1.78 Hexcel, America
IM6 5.45 276 2.0 1.76 Hexcel, America
IM9 6.0 276 2.2 1.79 Hexcel, America
UHM 3.73 440 0.8 1.87 Hexcel, America
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Fig. 2 The cross section of PAN precursor
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Table 3 Elements composition of precursor for high

tensile strength CF in different country( % )

Country N C H Others
Cytex , America 24.91 67.19 5.72 2.18
Asahi Kasei Japan 23. 64 66. 36 5.80 4.20
China 24.56 66. 83 5.75 2.86

F4 AEAEFRTEMRTER £ EBHRIFE(IR)
Table 4 Co-polymerization composition characteristics of precursor
for high tensile strength CF in different country(IR)

Country 12240 11740 11740 /12240
Cytex , America 0.290 0. 025 0. 086
Asahi Kasei Japan 0. 255 0. 198 0.776
China 0.259 0. 060 0.232
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Fig. 3 Cross-section morphologies the section type of PAN
precursor; (a) heterogeneous radial structure and

(b) homogenous radial structure
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Fig. 4  Cross-section shape of new generation of high strength
CF: (a) new generation of high strength carbon fiber in
China and (b) T700S carbon fiber of Japan Toray
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Fig. 5 (a) skin-core structure and (b) non skin-core structure

of pre-oxidation fiber
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Table 5 The capacity of PAN CF in the world (t)

Years Small tow CF Big tow CF Total capacity
2008 48 910 18 050 66 960
2009 53 750 26 550 80 300
2010 62 300 30 750 93 050
2011 65 300 34 050 99 350
2012 66 200 35950 102 150
2013 66 700 41 950 108 650
2014 66 700 45 200 111 900

F6 ERMAFUEZTR(t)
Table 6 The requirement for CF in the world (t)

Years  Industry area Aelzse[;ace Other area reqlrﬂjzlllent
2008 17 080 6 630 11 050 34 760
2010 23 240 7 250 10 750 41 240
2014 44 500 13 000 17 000 74 500
2018 75 500 16 000 21 200 112 700
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Fig. 6 The technologies and product series of Chinese PAN

carbon fiber
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Fig. 7 The diversity characteristics of psegraphite structure in carbon fiber ( TEM/X-Ray)
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