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Table 1

curing agents

Reaction phenomena of GAP cured with different

curing agent phenomenon of curing reaction behavior of cured matrices

HDI foams few holes; phase separation

tdi foams; rapid viscosity growth  holes
ipdi foams holes; soft
N-100 few foams no holes; brittle; low strength

R HTPB Fil GAP #— & 1y LL il L4, DL |
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Table 2 Mechanical properties of GAP/HTPB blend binders

cured by four different curing agents

7., /MPa el %
curing agent
—-40 °C 20 °C 50 °C —-40 °C 20 °C 50 C
HDI unbreaked  1.04 0.602 >500 414 251
N-100 5.60 1.1 0.874 440 109 89.5
TDI 3.37 0.673 0.499 566 191 138
IPDI unbreaked  0.639 0.337 >500 851 563

Note: All data are obtained under the reaction condition; m( GAP) /m(HTPB)
=30.70,R=1.
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Fig.1 Effects of different catalysts on GAP/IPDI and HTPB/

IPDI reaction systems
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Table 3 Mechanical Properties of blend matrices with differ-

ent concentrations of catalyst

concentration 9m/MPa em/%

of T-12/%  —40 «C 20°C 50°C -40°C 20°C 50°C
0.05 16.655 4.357  1.896 271 339 203
0.1 14.920 4,122 1.864 264 351 232
0.15 11.020 3.358  1.754 161 352 308
0.1(0.1)" 16.069 4,326  2.400 183 343 278

Note: 1) Catalyzed by T-12(w =0.1%. ) and TPB(w =0.1%0). The data in the
bracket means the reaction was catalyzed by TPB (0. 1%0) meanwhile.
All data are obtained under the reaction condition: m( GAP) /m(HTPB)
=1:1, m(BDO/TMP =1 : 1)/m(GAP +HTPB) =5% , R=1.2.
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Table 4 Effects of the NCO/OH equivalent ratio(R value) on

the mechanical properties of blend matrices

NCO/OH  on/MPa Em!%

equivalent ratio —40 °C 20 °C 50 °C -40°C 20°C 50 C
0.8 unbreaked  4.08 1.53 >500 484 392
0.9 10.6 4.28 1.60 545 605 525
1.0 16.9 3.64 1.49 570 350 201
1.1 14.7 3.23 1.47 563 300 169
1.2 unbreaked  4.56 1.97 >500 468 386
1.3 16.5 7.23 2.45 507 492 266
1.4 14.8 8.12 3.21 454 561 444

Note: All data are obtained under the reaction condition: m ( BDO/TMP =
1:1)/m(GAP + HTPB) =5%, catalyzed by T-12 (w =0. 1%) ,
m(GAP) /m(HTPB) =30 : 70.

3.1.4 B4tk GAP/HTPB B & i

Bl 3 2 41p X SRR MG 5 AR & ) 22 PR RE Y 32 1)
K F . GAP/HTPB i & FIR R GAP &% 4 13
T 5 R A e 25 i A S BRI PR B T g R
B Sk /D AP DR B S AGE 3o MUK 45 750 3 SR 4 7y
TEHMRF , GAP HA B M5 , — J5 11 il 7K 3%

Chinese Journal of Energetic Materials, Vol. 18, No.2, 2010 (167-173)

JECTF B0k A0 451 4 A % 43 T S 3000 f) GAP R 4
EHET R EAUA 2 90 SRR E T, W E % TR
HTPBEIA 200 £ 4~ 5 55 — J7 T A M 456 i 4 g 5% ) B
FER A A, DR T A 1 SR 2% . HTPB R4 R R T
TGS, SR T S AR R A R
HEAR 2B % GAP B3 2 2B F B ik E# . M
AT EAEFEF , GAP  HTPB 43 3| 5 5 4 iR IS )2 ) 4%
PR R A S R R R AN, RECR AN T
T4 BV R BE B -NH A AT DL 5 RE B A
By A BRI TR R AT LR R BE Y Tk S T R
O R RAEE T OBR RE R R R A
JIF SR (38 R B R T K, AR R RETE B B B R,
SUREAT ) TR B AR Y B BEAIX T K BOAR
1 By TG SRR R AL T B A . HTPB ) 2 fd B
6] A HAE 1/ T GAP. BT LL3# H P 19 GAP ) 3
2,43 T4 B A A 1 g 72 0k Aol 15 0 ot BE RE S A —
e HJE GAP HE— B0 & | il T RINGE I AFTE , 20 T
Gl ) 55 /0 AP R I £ B R i

22 q

20 4
18 1

16
12 A
10 { -40°C
g
1 ZO:C\/\M
{ 90C /‘\/W
P

0 2 40 60 80 100
content of GAP-HTPB blend / %

O ! MPa

oN B o

a. relationship of o, and content of GAP
700
600
500
400

em 1%

300 4
200 4
100

0 2 40 60 8 100
content of GAP-HTPB blend / %
b. relationship of ¢, and content of GAP
B3 4r xT HRAE R AR 0y 2 1 R S
Fig. 3  Effects of content of GAP in GAP/HTPB blend on

mechanical properties of blend matrices

m(BDO/TMP =1 : 1)/m(GAP + HTPB) =5%, R =1.0,
T12(w=0.1%)
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Fig.4  Effects of cross-linker on the mechanical properties of
blend matrices
m(GAP)/m(HTPB) =50 : 50,T-12 (w =0.1%) , R=1.2,
m(BDO +TMP) /m( GAP + HTPB) =5%
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Mechanical Properties of GAP/HTPB Blend Binders

NI Bing, QIN Guang-ming, RAN Xiu-lun
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract. Glycidyl azido polymer (GAP) was modified with hydroxy terminated polybutadiene (HTPB) to improve the mechanical
properties of GAP. Effects of different reaction conditions on mechanical properties of blend binders were discussed. Static tensile
test results show synergy effect on mechanical properties of blend binders, and tensile strength and maximum elongation could
reach 3.833 MPa and 593% while weight ratio of GAP and HTPB is 1 : 1. Tan§-T curve from dynamic thermomechanical analysis
shows single glass transition temperature near —60.2 °C, implying that reactive compatibilization of immiscible GAP/HTPB blend
binders could be got by controlling the curing reaction conditions. Micromorphology of GAP/HTPB blend binders displayed in
SEM photos formed corroborating with the former two conclusions. In a word, HTPB/GAP blend binders with excellent mechanical
properties possessed a good prospect for applications of GAP in composite solid propellents.

Key words: polymer materials; composite solid propellant; glycidyl azide polymer ( GAP); blending modification; reactive
compatilization

CLC number: TJ55; V512; TB324 Document code: A DOI: 10.3969/j. issn.1006-9941.2010.02.010

CHINESE JOURNAL OF ENERGETIC MATERIALS N K 2010 5+ #1844 %24 (167-173)



