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Epoxy resin formulation and its composite properties for
high efficiency wet winding

LIU Li, LI Yong, HUAN Dajun, CHEN Xiaodong,
WANG Yuan, LI Lisha, ZENG Dan

(College of Materials Science and Technology,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: According to the requirement for high-efficient production of high quality sol-
id rocket motor shell, the epoxy resin formulation with different functionalities was studied
by focusing on its formulation design and mechanical properties. The curing characteristic
temperature, curing reaction kinetics and pot life were tested by DSC (differential scanning
calorimetry) and viscosity test, respectively, the unidirectional laminates and NOL (the Na-
val Ordnance Laboratory) rings were prepared to test and analyze the properties of compos-
ites. The results showed that the epoxy resin with three functionalities can meet the require-
ments of high efficient wet winding. When the mass fraction of TDE-85 with three function-
alities was 25%, the comprehensive properties reached the optimum, the tensile strength
(97.3 MPa), the bending strength (115 MPa) and the glass transition temperature (466 K)
increased by 36.3%, 15.9% and 25. 8% respectively, while the applicable period was 120

min. The resin system had good adaptability to fibers, demonstrated by the excellent proper-
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ties of composites, about 2. 56 GPa in tensile strength and 74. 4 MPa in interlaminar shear

strength of the NOL rings, respectively. The utilization ratio of fiber strength reached

76. 6% , demonstrating that the epoxy resin system was suitable for the wet winding process

of the solid rocket motor.
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epoxy resin; functionality
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Fig. 1 Structural formulas of different types of epoxy resin
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Table 2 Different formulas of epoxy resin
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Fig. 3 Viscosity-time curves of three kinds of system
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Table 3 DSC data for different formulations of epoxy resin

R 4 5 B/ (K/min) T./K T,/K Ti/K T./K
5 343 369 395
17 10 356 382 411 408
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5 346 373 397
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37 10 359 389 418 436
20 373 405 437
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Table 4 Temperature data for different resin systems

G S To/K Ty/K T /K
I 340 363 388
2% 342 366 390
37 339 367 392
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Fig. 5 Curing reaction mechanism of epoxy resin
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Table 5 Curing reaction kinetics parameters of different resin formulations
Starink J5 & Kissinger J5 & Crane J5 &
G5 E.../(k]J/moD)
E/(k]J/mol) E/(kJ/mol) A/min ! n
1# 59.6 59.2 6.07 X107 59.4 0.907
24 71.9 71.5 3.44X10° 71.7 0.920
3+ 50. 9 50.6 2.41X10° 50. 8 0. 891
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Table 6 Properties of carbon fiber reinforced
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Fig. 12 Electron micrograph of composite material section
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