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Effects of electron beam irradiation on the skin-core structure and thermochemical

properties of polyacrylonitrile fibers
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ABSTRACT In this study, the skin-core selective mechanism of electron beam irradiation on the radially
heterogeneous structure of polyacrylonitrile (PAN) precursor fibers is systematically revealed for the first time. This
is achieved by integrating multi-scale characterization techniques, including synchrotron radiation microfocused
wide-angle X-ray scattering, in-situ microfilm infrared spectroscopy, and wide-angle X-ray scattering. The study
confirms that irradiated and non-irradiated PAN fibers exhibit distinct cortex-core structures, with the (100) crystal
planes in the cortex showing higher crystallinity, crystal size, and degree of orientation compared to the core layer.
As the irradiation dose increases, the cortex's crystallinity decreases, grain size reduces, and degree of orientation
slightly diminishes, while crystal face spacing remains nearly unchanged, and core structure parameters show
minimal variation. This differential evolution between cortex and core structures enhances oxygen diffusion
efficiency to some extent, laying the foundation for improving the uniformity of PAN fiber pre-oxidation processes.
Further studies reveal a synergistic effect between irradiation and heat treatment: 200 kGy is the optimal irradiation
dose for achieving a 62% cyclization rate at 250 °C, while 500 kGy provides the best carbon yield at 1 000 °C,
reaching 50.5% (a 12.25% increase over non-irradiated samples). Through rational adjustment of irradiation
conditions, PAN fibers' pre-oxidation and carbonization processes can be optimized, providing new experimental
evidence for developing high-performance PAN-based carbon fibers.
KEYWORDS Synchrotron radiation, Electron beam irradiation, Polyacrylonitrile fibers, Skin-core structure,
Carbon fibers
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Fig.3 (a) Schematic diagram of microzone gradient scanning method; (b) 2D scattering diagram and 1D scattering curve of PAN
fiber cortex to core layer; (c) (100) peak azimuthal angle integral curve of PAN fiber cortex to core layer; (100) crystallographic
information of PAN fiber cortex to core layer after irradiation with different absorbing doses: (d) d spacing; (e) crystalline
orientation; (f) crystal size; (g) crystallinity (color online)
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Table 1 Information on the microcrystalline structure of PAN fiber skin to core after irradiation with different absorbed

doses

S F i {37 & Position

Parameters Sample -5 -4 -3 -2 -1 0

d,y, / M PAN 0.527 0.528 0.531 0.533 0.535 0.536
100 kGyPAN 0.528 0.531 0.534 0.535 0.537 0.537
200 kGyPAN 0.528 0.530 0.532 0.534 0.535 0.536
300 kGyPAN 0.527 0.529 0.532 0.534 0.535 0.537
400 kGyPAN 0.529 0.531 0.533 0.534 0.535 0.536
500 kGyPAN 0.529 0.532 0.534 0.535 0.536 0.537

L,/ nm PAN 9.59 7.75 6.49 5.51 4.85 4.29
100 kGyPAN 8.65 6.75 5.28 4.46 4.12 3.98
200 kGyPAN 8.29 7.17 5.92 4.99 4.49 421
300 kGyPAN 8.49 7.57 5.86 491 4.63 4.07
400 kGyPAN 8.05 6.63 5.78 4.82 4.17 3.87
500 kGyPAN 7.74 5.70 4.97 4.41 4.18 3.88

F. /1% PAN 90.2 90.1 88.5 87.6 85.9 84.7
100 kGyPAN 89.2 88.3 87.0 85.6 84.5 83.7
200 kGyPAN 89.4 88.3 87.3 86.3 85.1 84.4
300 kGyPAN 88.8 88.2 86.8 85.8 85.3 84.4
400 kGyPAN 88.8 86.7 85.7 85.4 84.5 82.2
500 kGyPAN 88.9 87.7 86.5 86.1 85.3 84.4

X. /% PAN 67.2 61.2 63.8 57.4 53.1 50.1
100 kGyPAN 66.4 60.6 63.5 56.3 52.5 50.0
200 kGyPAN 62.4 58.6 56.4 50.4 45.7 50.1
300 kGyPAN 58.2 55.3 48.7 49.9 455 43.5
400 kGyPAN 56.9 56.3 46.7 49.6 44.1 45.7
500 kGyPAN 56.6 57.9 48.5 48.3 423 42.9

A Rp-5 20 MIEEAKF P2 pm S8 T A2 R A FIALE , 067 B A-5 f60 B 73 AR T 4O AR T, RIS E AR 2
Note: positions =5 to 0 represent different radial locations scanned with a fixed step size of 2 um. The 0 position and
-5 position correspond to the fiber center and surface, i.e., the core and the outer layer, respectively.
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Table 2 Extent of reaction (EOR) of irradiated PAN fibers at different heat treatment temperatures
W/ °C S W ¥ Extent of reaction
Temperature PAN 100 kGy PAN 200 kGy PAN 300 kGy PAN 400 kGy PAN 500 kGy PAN
30 0.08 0.15 0.19 0.24 0.29 0.39
210 0.35 0.38 0.48 0.49 0.49 0.50
235 0.54 0.56 0.59 0.57 0.56 0.56
250 0.58 0.59 0.62 0.60 0.58 0.56
24 HETRBERX PAN LR MRS BRI, BEMRWCR SN, PAN ZF4EWI IR HAL IR

B T TSR A R B O A T AR A RN A
TR L, R T PPk P R 4 R 08 Ak 2 11
R, K DSCHITG 43 M 1 AN [ A7) 2 4 e
J& PAN £F 4 bR . S (a) [ DSC 28 3£
B, EAAAAT, KM PAN 4 7£ K4
286 °CAb W5 B — AN A M AR A RHE BRI, %1 )5
JE T RESE MR SR, R T R . 45 44 (1) 5K 25

FEFEAR (229.3~171.8°C), WEsB &35 FFE, Jlhug
T, WIS X IR 7 76.7 °Co BT
23 PAN E BUR AR ML A E R B, %ISR ]
DI Sy 48 RO 3E 7 AR A R B B (1 42 i i
8O, X G — B R R R T
TG R A O, ARk TR Z A
NI

010201-9



WM A SEMN T2 % 2026,44:010201

Heat flow =———EXO

b 70
— ®) 100 ——0kGy
—— 100 kGy
90 + \ —— 200 kGy 65
\ ——— 300 kGy o
ol N\ ——— 400 kGy 60 049
X \ ——— 500 kGy
S
2 70}
(]
=
o
o 60
(7}
—— 0 kGy g
—— 100 kGy 50 L
—— 200 kGy
—— 300 kGy :
400 kGy F ‘«—200 C
500 kGy -
L 1 L 30 1 L L 1 i
150 200 250 300 350 200 400 600 800 1000 800 1000

Temperature / 'C

Temperature / 'C

5 N [AOR) B A RS PAN 214 1 AL AR I - (a)DSC s (b) TGA G (4 L I 45 1D
Fig.5 Thermal property profiles of PAN fibers after irradiation with different absorbed doses: (a) DSC; (b) TGA (color online)
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