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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.2 ATR-FTIR spectra of the mTPU irradiated with different absorbed doses (color online)
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Fig.3 FTIR spectra and fitting curves of (a) mTPU-0 kGy, (b) mTPU-10 kGy, (¢) mTPU-25 kGy, and (d) mTPU-50 kGy in
the C=O0 stretching region (color online)
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T, 178 5 G B g REAR 8 hRE R
FE A1 9.45 °C T & 25 kGy £ 54 19 10.04 °C, B
JG1E 50 kGy FPEZE 6.11 °C. 3X i i i 4 IR 4R =
T B IZ B P A IR 29 o, I v R U AT g
51D SR B AR B E AR i s 2 AN
NI BERAR B AL L AR IR o S I tand VG (R 1) 4E 5
1£0.25~0.27 Ja [, U B 5 I8 I RAR AR 5B o R
S BT, E 0] B 2 R AR FE AN BE B AR
XA T AR . 255 DMA 455, 25 kGy FE i
R AR AN U LR & 1 e

XPEE R B, 50 kGy £ i [ B 7 it Re 8 & [ A2

WK %% FE BUVEL 25 kGy A Pt [alv% A G #5 2 ar A i i
WA K IR E D FRAC, i 477 B A i
Fto FE50 kGy A& T, —J7, &M AEREBAE T
IR TR W, JE AT T KA, BT
SRR Ay, fEBRE BB H N, S 2L
DMA Ml 5 (1) &8s N F%; 55— 71, FTIR A
DSC 73 BT iE 55, ey 771 2 e R Sl 2 1 o 17 Al B ) 1)
SEAE R S E > SRR, B A A R R — B
Pem . XY EAT I A B AL T T AR AR
NI 2, A B g 72 o e A ARt R gy
J& IR i AR AU E By V) J i S FERE I FE, AT PR 5
TR AR R, KUk, 50 kGy £ a2
REVE AR T b A 2 58 B ) 4% 6 O A 5 ) 38 A G
W 2% Ak — 3 B AP S R 25 R

23 ERZEMNEERRSESH

DMA 75 RIS B 251 5 1 B mT 3 o 7 4 1
28 Al SRR U S IR B, LR I M S R A
BRI R 2%, BRALASCHRAL, R IE B A
SE M4 T PR D B AT R R 2% .k SR FCRL A S T

040202-7



WA A SR T2 % 2026,44:040202

WA RS %, Xy Bk % Eovhk, KA
K- RN E T A RO R N mTPU FIEEIR
oE, SRS s,

70

60l 52.79

I
s}
T
—t—

39.46

N
o
T

Gel content / %
w
=}
T

N
o
T

17.34

H

-
o
T

0
0
mTPU-0 kGy mTPU-10 kGy mTPU-25 kGy mTPU-50 kGy

E5 ARG B RS BE TPU FYHRER & &
Fig.5 Gel content of the mTPU irradiated with different
absorbed doses

KEBEEN (0kGy) KBRS =N, ME
SRR TR, KRR mTPU F AL
AN AL A B 4%, SR R B ) 2 AT
NG R B BE RS G . ok SR - AR FTHINE F o)
TR GESE S . 210 kGy iR T, B A
I A 17.34%, ELEHIEREB O TESER—
SEFERE I E AT BRI 2% o 2477 32 i 8 25 kGy
I B B WA 52.79%, R W% 78 T AZ Bk
RLf TRy, TR T e FE BT 2F (AN A 3 X 2% 45 44
HE— 2 W & 50 kGy i, BER & &R E
39.46%, < B R 6 R 51 A 1 B OS2 OT 4 H)

5552 B R 2% 1) e B

el & ) AE LR AR AL 5 DMA 3R W0 A8 %
(AR — 2, 1 25 kGy B ik 21§
fH, 50 kGy B [FI7%, MALZE 2 FIBIES T A
Y P AH T EPIE T % R 5 A8 - I B 5 A AL (9 A7
762, DMA RWMAZERE E (2 658~2 966 mol/m*)
(U T 4 B 7 B BT B (R A 2 A2 K, I
ZE AR LT TPU AR R ) BE RS B 5 AL 2228
e AL A7 H B b0 o7k 1R ARe AE < (K57 & (0~10 kGy)
VL AZ AR I 28 Tk T ORI A s R A
& (25kGy) B, HZEIZEMN 4 IRE K R+ 59
HAZHCH F3E 5 = s (50 kGy) T, BEANK
=7 2 DR W 5 A BT 55, {HFTIR A DSC Ui S hif
B SR 7 A FR BEATD TR 3 5k, ) B A8 T I 4% (1)
SEAL AN T AL B R R B P R,
50 kGy Ff i BUEERR & S WG B, (HER G 12 MERe e
PAZEFRE

2.4 EBIEEX TPU MM EERYSZNM

Kl 6 3 mTPU 7EA IR i 7 & R 1) DSC FHR A
Feii 2, CEASHI| TR 2. N DSCHlRE R
A LAE W, BEE RN, mTPU [ 4 &l i
(T,) FZ5ERE (1) ¥WEIZEW I &G,
2 U & 50 kGy B, T, B 150.2 °CHE = &
158.1 °C, T.H1109.9 °CHE % 124.0 °C. T, [+
U B S A A5 A I IR e A B AR T
1M T, 1 T v W) =k o & o FE T e B = S R R
Az, IXOEHE U R T A RO R R —— e R
75 5 10 28 16 A5 Bk B SEURL I T R A Dy A A R
AR T &5 Az 3 2a

a b
@) -0.30 el 0.5
mTPU-50 kGy
4
mTPU-0 kGy /

—_ Pl —~

= ek 504}

£ mTPU-10 kGy £ mTPU-25 kGy

= < = ~

E — E

3 0401 mTPU-25 kGy B

o © 03F -~

% = <~ mTPU-10 kGy

[ © ~

o @ mTPU-0 kG

T o045} N T d

mTPU-50 kGy 0.2
_0.50 : i ) ) " : \ \ .
60 80 100 120 140 0 50 100 150 200
Temperature / °C Temperature / °C
6 AN[EIR USRI R SRR B TPU (1) DSC #H 2Rk CRE B8 T 26 R0 « (a) 38 — IR BI85 i e 5 (b) 38 — kAR Fl g

Fig.6 DSC curves of polyether-based mTPU irradiated at different absorbed doses (color online): (a) crystallization peaks of the
first cooling scan; (b) melting peaks of the second heating scan (color online)
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2 AFBIFHIET mTPU I DSCHSH
Table 2 DSC thermal parameters of mTPU under different absorbed doses

FE it JARNREE T, /°C iR T / °C JERME AH L/ (J-g)  SEEEAH /(g
Sample Melting temperature  Crystallization temperature  Enthalpy of melting ~ Enthalpy of crystallization
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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
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Fig.10 Optical images and SEM micrographs of wear surface of mTPU: (a, b) mTPU-0 kGy; (¢, d) mTPU-10 kGy;
(e, f) mTPU-25 kGy; (g, h) mTPU-50 kGy
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