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Curing characteristics of phenolic and epoxy transition layer and

properties of composites
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Abstract: In order to meet the requirements of structural and functional integration of com-
posite shell of solid rocket motor, the formula, process and performance of the transition layer
of the two resins were studied. The performance characteristics of the transition layer content dis-
tribution in the system of phenolic resin B30, epoxy resin TDE-85 and curing agent methylhexa-
hydrophthalic anhydride (MHHPA) were mainly studied. The digital display rotary viscometer
and digital display constant temperature water bath were used to measure the viscosity of the res-
in, and differential scanning calorimetry (DSC) was used for thermal analysis of the resin with
gradient content. The kinetic parameters of the mechanism of multiphase reaction system were
solved. The curing process and properties of the resin with transition layer were verified. The
properties of the resin with transition layer were compared with those of the resin without transi-

tion layer. The results showed that: in the transition layer system, B30 and curing agent MHH-
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PA reacted first, followed by B30 self-curing; the mechanical properties of epoxy resin TDE-85

and phenolic resin B30 met the performance requirements of structural layer and functional layer;

compared with the resin without transition layer, the ablation resistance of the resin with transi-

tion layer had little change, but the bending strength increased by 67.8%, and the tensile

strength increased by 56.1% ; compared with the composite without transition layer, the inter-

laminar shear strength of the composite with transition layer increased by 94. 9%, but the abla-

tion resistance changed little. In conclusion, the transition layer can meet the structural and func-

tional integration requirements of composite shell of solid rocket motor.

Key words: solid rocket motor shell; phenolic resin; epoxy resin; transition layer;

mechanical and thermal properties
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Fig.2 Schematic diagram of ablation resistance experiment
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Table 2 Resin ratio of transition layer

B 5 (Wi R=a
= 1 2 3 4 5 6 7
B30 0 1 3 5 7 9 10

TDE-85 10 9 7 5 3 1 0

MHHPA 12.1 10.9 8.47 6.05 3.63 1.21 O




%59 B O AE  TE / B A R T AL R B S bR fE 1977

R ZR R A B 0 A B LA B B0 S8 B g [
R 3R 2 43 . T R4 & Ak B30 g A [E k.
TDE-85#1 B30 # jig [ 1k . TDE-85 5 MHHPA
bl K B30 5 MHHPA [E {6 4 28 sy o [ 4k 5 Rz
FRPER R 3 3 FR .

®3 EBEHRMFEFEREL

Table 3 Ratio of curing reaction characteristic system
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Fig.4 Viscosity curves of different formulations
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Table 5 Curing reaction kinetics parameters of different resin formulations
Kissinger J7 Starink J7 & Crane J7 &
B N HL 7 E./(J/mol) ———
E/(J/mol) A/min’ E/(J/mol) n
B30+MHHPA 46 963. 29 1. 056X 10° 47 265.13 47 114. 21 0.8841
B30+ TDE-85 82499. 82 8.289x10’ 82 694. 16 82 596. 99 0.9152
B30 88 718. 65 1.321x10" 88 845. 04 88 781. 84 0.9231
TDE-85+MHHPA 47 155. 35 2.280x 10" 47 633. 36 47 394. 36 0.8574
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Table 6 DSC data of different formulations

Mgz Mo s ﬁ;;i/ T./K T,/K T/K
5 415 467 508

0:10 10 439 501 531
20 441 520 555

5 373 448 481

3:7 10 412 476 507
20 398 487 522

5 385 438 476

7:3 10 387 454 503
20 422 470 513

5 390 434 454

10:0 10 420 442 456
20 414 458 479

Table 7 Temperature data for different resin systems

RT TEMIEEREELHE

My Merpe-gs Ts(z/K Tpo/K TIU/K
0:10 414.6 458.1 496.7
1:9 418.4 454.0 486. 3
3:7 381.1 443. 3 473.7
5:5 397.8 444.8 472.9
7:3 367.3 431.0 471.9
9:1 366.0 422. 4 464. 8
10:0 393.0 426.9 442.8
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