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Effects of electron beam irradiation on the structure and properties of carbon black-filled

polyether-based thermoplastic polyurethane

HUANG Zhiliang LIANG Minghui FENG Shibo LIU Yuhao LI Yihao DONG Chunlei
(School of Materials and Environmental Engineering, Chizhou University, Chizhou 247000, China)

ABSTRACT Carbon black-filled polyether-based thermoplastic polyurethane was modified by electron beam
(EB) irradiation at absorbed doses of 0 kGy, 10 kGy, 25 kGy, and 50 kGy. The dose-dependent variations in
microstructure, thermal transitions, dynamic mechanical properties, and wear resistance were systematically
investigated using attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR), differential
scanning calorimetry (DSC), dynamic mechanical analysis (DMA), tensile testing, tribological testing, and scanning
electron microscopy (SEM). The results demonstrated that EB irradiation predominantly induced crosslinking within
the investigated dose range. With increasing dose, tensile strength improved from 41.70 MPa to 48.46 MPa, while
elongation at break increased from 800% to 840%. DSC analysis revealed that both the melting and crystallization
temperatures increased with increasing dose, while the melting enthalpy initially decreased and then increased,
indicating a non-monotonic effect of irradiation on crystallization behavior, with enhanced thermal stability of
ordered structures at high doses. DMA results showed that the 25 kGy sample exhibited the highest rubbery plateau
modulus and apparent crosslink density, suggesting optimal comprehensive thermomechanical performance.
Notably, the 50 kGy sample demonstrated the lowest wear rate and friction coefficient, representing superior wear
resistance. These findings indicate that EB irradiation effectively tailors the structure and properties of carbon black-
filled polyether-based TPU: 25 kGy is optimal for applications requiring balanced mechanical and thermomechanical
properties, whereas 50 kGy is preferable for wear resistance-critical scenarios. This study provides experimental
evidence supporting the application of EB-irradiated polyether-based TPU in advanced cable sheaths, automotive
components, and related fields.

KEYWORDS Electron beam irradiation, Polyether-based thermoplastic polyurethane, Crosslinking, Mechanical

properties, Wear resistance
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Fig.6 DSC-thermograms of the series irradiated mTPU (color online): (a) the crystallization peaks of the first cooling scan;
(b) melting peaks of the second heating scan
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Fig.7 (a) Stress-strain curves of electron beam irradiated mTPU; (b) tensile strength; (c) elongation at break; (d) hardness
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Fig.8 SEM micrographs of fracture surface of mTPU: (a) mTPU-0 kGy; (b) mTPU-10 kGy; (c) mTPU-25 kGy; (d) mTPU-50 kGy

@) (b)
0.20
25 2177 0‘1184
T T
20 - l 015} 0.135
g g I 0.124
= S - 0.109
8151 5 1
5 co.10f 1
g 5
5 e}
210r £
0.05
5k
1.80
I__}__l 1.07 055
0 [ =1 0
mTPU-0 kGy mTPU-10 kGy mTPU-25 kGy mTPU-50 kGy mTPU-0 kGy mTPU-10 kGy mTPU-25 kGy mTPU-50 kGy

&9

AN RIS 1 SR TR T TPU FR) BE S PSR B - () BT 5 () R AR AL
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