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Aging condition and life prediction of ethylene-tetrafluoroethylene copolymer for insulated cables
GAO Xiang',JI Hui’, WANG Yu’,ZHANG Zhining', YU Junqgiang',REN Jun', YU Meng', WEI Gang’, XIA Lichao’, WANG Li*
(1. Zibo Institute of Measurement Technology, Zibo 255000, China;

2. Shandong Dongyue Future Hydrogen Energy Materials Co.,Ltd.,Zibo 256401, China)

Abstract : Through high-temperature thermal-oxidative accelerated aging tests on ethylene-tetrafluoroethylene copolymer
(ETFE) insulation materials for insulated cables, the structural and performance evolution patterns at an aging temperature of 195 °C
were systematically investigated. Four aging cycles 0, 168, 336 h, and 504 h were established. A combination of characterization
techniques was employed to analyze the microstructure and macroscopic properties of ETFE during the aging process. The results
indicate that as thermal-oxygen aging time increases, a large number of oxygen-containing chromophores gradually form on the
surface of ETFE specimens, enhancing the material’s hydrophilicity. Internally , molecular chains undergo complex competitive reac-
tions including chain scission, crosslinking, and reorganization. The formation of crosslinked structures partially contributes to
improving ETFE's thermal stability and mechanical properties. However, degradation reactions also occur in the main crystalline
regions, generating crystalline aggregates with lower melting points. This leads to reduced molecular weight, broadened molecular
weight distribution, and decreases molecular chain regularity. Based on thermal analysis kinetics, the reaction activation energy for
this ETFE insulating material is further determined to 202.17 kJ/mol. According to this, its service life at a conventional operating
temperature of 150 °C is estimated to reach 23 000 years. However, under adverse conditions such as localized overheating and
elevated operating temperatures, its service life decreases significantly. Specifically, for every 20—25 °C increase in localized temper-
ature, the lifespan follows the Arrhenius model and shortens exponentially, drastically reducing to merely a few hundred or even a
few decades. This poses a serious challenge to the long-term reliability of the equipment.
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Fig. 1 FTIR curves of ETFE specimens with different aging times

R1 C=OHEEMSLER
Tab. 1 Fitting results of C=0 characteristic peak

t/h RI, C1/%

0 0.003 3 0.641
168 0.0144 3.293
336 0.0208 4781
504 0.028 5 6.387

Notes: ¢, is thermal oxygen aging time; R/, is relative intensity of C

=0 characteristic absorption peak; CI is carbonyl index.
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Fig.2 Surface contact angle and whiteness test curves of ETFE

specimens with different aging time
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Tab. 2 Fitting results of ETFE characteristic peak

1/h X% d/nm

0 3135 9.46
168 30.27 9.78
336 29.63 9.96
504 27.81 10.27

Notes: ¢, is thermal oxygen aging time; X is crystallinity;d is crys-

talline grain size.
214 FAREMMN

Bl 4 f&rn T AN R AR [ ETFE i Y
ST AR 2 . I ERE B M ZemT U, A6 iy
AR A, SR B S5 AR R AAHEOC R,
W1 s BT )RR LA . X2 T FaETE 5
PIVER R RAEWER 80T B B ARF, BI85 1 5E 0]
FHEAEH IR BUSARREEE %, BEE A E
Fsf 1) A9 B S, ETFE S0 7 o A X 266 B (B 2 B &R



180 AR

2025 4F, 45 53 45,45 12 10

Storage modulus/MPa

107 10° 10! 10?

w/(rad-s™")
(a) Storage modulus test curves
4 -
10 —0h
~-168 h
~336h

~=504 h

Complex viscosity/(Pa-s)
S

0.1 I 0 100
w/(rad-s™")
(b) Complex viscosity test curves

Fl4 AR T ETFE BRI haS AR M th 2
Fig. 4 Dynamic rheological test curves of ETFE specimens with

different aging times
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Fig. 5 DSC curves of ETFE specimens with different aging time
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Fig. 6 TG test curves of ETFE specimens with different aging times
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Tab.3 Characteristic data of thermal decomposition of ETFE

specimens with different aging times

t/h 7,,/°C T../°C  Residue rate at 550 °C/%
0 423.12 462.02 0.97

168 424.45 462.61 1.15

336 423.68 463.15 1.34

504 419.36 461.05 1.66

Notes:, is thermal oxygen aging time; 7,, is decomposition temper-
ature of 5% of weight loss; 7' is temperature of maximum decomposi-

tion rate.
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Fig. 7 Tensile performance test curves of ETFE specimens with differ-

ent aging time
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