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Structural Evolution of Polyacrylonitrile Fibers During Pre-oxidation and Comparison with Carbon Fiber Structure
Hua Xia', Cui Ye', Guo Wanyuan”,-Shi Ying', Liu Lizhi', Song Lixin"’
(1. Advanced Manufacturing Institute of Polymer Industry, Shenyang University-of Chemical Technology, Shenyang 110142, China ;
2. Shenyang Advanced Coating Material Industry Technology Research Institute Co., Ltd., Shenyang 110326, China)

Abstract : The changes in-orientation, crystal structure and void structure of polyacrylonitrile (PAN) during the pre-oxidation
process directly affect the performance of carbon fibers. By simulating the pre-oxidation process of PAN precursor yarns that
maintain traction tension on a continuous production line, the changes in fiber orientation, crystal structure and void structure
during the pre-oxidation process with stepped heating were studied. The results show that by maintaining tension, the temperature
of the cyclization reaction of PAN macromolecular chains can be increased. In the early stage of pre-oxidation (below 240 °C ),
the PAN precursor better maintains the crystal structure and orientation, and the voids in the fiber are pointed. In the late stage of
pre-oxidation (270 °C ), the melting of PAN crystals and the transformation of molecular chains into trapezoidal structures occur
simultaneously, so that the fibers maintain a good orientation while the crystals are melted. After the pre-oxidation treatment, the
fiber void length-to-diameter ratio decreases. Affected by the de-orientation, the void morphology become slightly rounded, but the
void orientation increases, and the fiber maintains a good degree of orientation. Through the pre-oxidation process, the fiber can
maintain good orientation during further high-temperature carbonization, so that the obtained carbon fiber has higher mechanical
properties. Therefore, the adjustment of the orientation in the high-temperature stage of the pre-oxidation process is an important
factor for obtaining high-performance carbon fibers.

Keywords : polyacrylonitrile fiber ; carbon fiber ; pre-oxidation ; crystal orientation ; voids structure
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