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Improvement of low temperature elongation ratio of
high- burning rate HTPB propellant
YAN Hong, TANG Cheng-Zhi

(Hubei Inst. of Aerospace Chemotechnology, Xiangfan 441003, China)

Abstract: the low temperature elongation ratio of

higlr burning rate HTPB/ IPDI propellant is usually poorer than that at either high or room temperature was studied. Results show that

With the methods of uniaxial testing, DMA, crosslinking density, etc. ,
the main reason is the difference of curning reaction in the binder system due to the weak reaction activity and the molecular structure
character of IPDI. In addition, the harden property and physcial erosslinking of antioxidants H also affects low temperature elongation
ratio of this propellant. The problem was solved by adding network modifier to improve network structure of propellant binder.
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Table 1 Effects of curing agent on mechanical properties of HTPB propellant

Curing agent TDI IPDI
No. FT10 FT11 FT12 HROI HRO2 HRO3 HR(4
Curing parameler 0.74 0.75 0.77 0. 82 0. 84 0. 86 (). 88
0,/ MPa 0.98 1. 16 1.23 0. 87 0. 96 0. 84 0. 90
25 C g,/ G0 55.0 54.5 51.0 60. 1 55.5 55.8 55.4
g,/ % 57.0 55.7 53.3 62.0 503 58.9 57.8
&/ & 0.96 0. 98 (0. 96 0.97 0.97 0.97 0. 96
g,/ MPa 0.59 0. 68 0.72 0. 60 0. 67 0. 64 0. 68
20°C g,/ Yo 63.0 59. 8 51.7 62.0 59. 8 57.3 56.3
&,/ G 67. 8 65.3 56.6 65.0 60. 6 60. 3 58. 0
&/ & 0.93 0.92 0.91 0.95 0. 99 0.98 0.97
a./ MPa 2.57 2. 81 3.14 3.44 3. 68 3.81 3.50
_40C &,/ % 59.1 61.6 56. 8 54.3 50. 6 51.0 52.0
g/ % 75.1 68. 8 68.7 61.2 59.9 58.2 58.9
&/ &, 0.79 0. 90 0. 85 0. 89 0. 84 0. 88 0. 88
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Table 2 Effects of assistants on mechanical properties of HTPB/ IPDI propellant
Assistants Antioxidants H TB
No. HR23 HR24 HR25 HR26 HR27 HR28 HR29 HR30
Curing parameter 0. 85 0.87 0.89 0.91 0. 85 0.87 0. 89 0.91
0,/ MPa 0. 37 0. 35 (. 38 0. 37 ). 98 1. 05 1.29 1.19
25T €./ % 49.9 53.4 49. 8 49.2 42.5 47.0 46. 4 45.7
i &/ % 60. 2 64. 1 59.7 56.3 44.2 48.2 47.1 46.5
€,/ §, 0. 83 0. 83 0. 83 0. 87 0. 96 0. 98 0. 98 0. 98
0./ MPa (.21 0.19 0.23 0.24 0. 46 0. 48 0.55 0. 62
0°C E./ G 59. 1 60. 8 57.0 59.4 46. 4 33.8 31.6 37.4
&/ % 62.3 65. 2 59. 8 60.9 49.6 35.1 32.5 38.8
&/ 8, 0. 95 0.93 0. 95 0.92 0. 94 0. 96 0.97 0. 96
./ MPa 1. 84 2.04 2.01 1.95 . B 2. 46 2.64 2. 86
0T €./ 9 37.8 38. 1 35.2 38. 8 51. 1 52.9 50.5 49. 5
B &/ % 64.5 75.6 2.3 67.7 64.3 64. 1 59. 1 60.6
€./ & (.59 0. 50 0. 49 0. 58 0. 79 0. 82 0. 85 0. 82
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Fig.1 Curve of uniaxial tensile testing at — 40 C

St st FR) B 209 1 e A8 W ik T 2 AU D AH 4 8 A B )
B8 0 AE W 5 AAR AL S A [ Ak 2 B 1
LT, RALKG A 77 9 265 45 #6) 1) 22 1k % & B 5 P& AR, {5
FUH IR SR T G N 7 2, BRI, IPDL T R S AR
AR 7 S i B 3 2 B R Th RE Bh Al el T
KA R A P 28 i AE TS S B 45 R

Table 3  Effects of assistants A on mechanical properties of HTPB/ IPDI propellant

Groups 1 2
No. HR63 HRo64 HR65 HR66 HR73 HR74 HR75
Curing parameter 0. 80 0. 82 0. 84 (). 86 0. 80 0. 82 0. 84
0./ MPa 0.84 0. 90 (.95 1.02 0. 81 0.87 0.92
25T &l %o 56. 8 59. 1 56.4 58. 6 60.0 57.2 54.2
g,/ Y6 58.3 60. 7 58.4 60.3 63.2 60. 2 56.4
€./ &, 0.97 0.97 0.97 0.97 (). 95 0. 95 0. 96
0,/ MPa 0.52 (0. 58 0. 64 0. 68 0. 52 (. 58 0. 62
10 €. %0 63.0 64.4 58. 4 64. 4 62.2 50. 3 61.2
&,/ % 64.9 65. 1 62. 4 65.9 66. 4 55.3 67. 1
g,/ &, 0.97 0. 98 (.93 0. 97 0.94 0.91 0. 91
a./MPa 2. 66 2.71 2.75 2. 82 2.92 2.91 3.00
_40C &/ Yo 68.0 62.9 64.5 65. 1 59.3 60. 5 60. 1
&/ % 80.3 71.1 71.1 71.6 68.5 67.7 63.9
&/ &, 0. 85 0. 89 0.91 0.91 0. 87 0.89 0. 94
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Table 4 Results of DMA and crosslinking density
of HTPB / IPDI propellant

Curing parameler 0. 86 0. 88 (). 82
. 0,/ MPa, 25°C 0. 58 0. 64 0.90
Mechanical
} E. % .25TC 42.9 45.5 59. 1
propeties 1 ey, - a0c| 571 | 573 62.9
Tp C — - 75.6 - 77.6
tan O o (. 86 0. 81
DMA T4 € — - 14 _9
Lan &, = 0. 45 0.51
V,(mol/ m*) 4.57 4.75 4.09
Remarks colum Basic formulation | Improved formulation
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