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Table 1
tivity of HTPB propellant

Effects of EMT and Fe,O, on the mechanical sensi-

content of catalysts / %

T Fe,0, samples Loy P/ %
before adding curing agent 22.4 20
0 0 end of mixing 17.4 12
end of curing 17.1 24
before adding curing agent 9.8 40
0 1.0 end of mixing 19.9 20
end of curing 13.5 28
before adding curing agent 11.8 52
3.0 0 end of mixing 11.2 48
end of curing 9.6 40
before adding curing agent  12.3 88
3.0 1.0 end of mixing 10.5 72
end of curing 10.2 72

Note: I, isimpact sensitivity. P, is friction sensitivity.
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Table 2 Effects of EMT content on the mechanical sensitivity

of HTPB propellant slurry

R4 A APRLAEXT T R 4k HE 7R 25 S AL BURR A 52
Table 4 Effect of particle size of fine AP on the mechanical

sensitivity of HTPB propellant slurry

content 15U/J Ph/ %
of EMT

before adding end of before adding end of remarks

/% curing agent  mixing curing agent ~ mixing
0.5 24.0 17.4 32 20
first
1.0 14.8 12.6 40 44 .
time
3.0 14.1 10.0 72 48
0.5 25.1 11.5 40 16
second
1.0 12.6 7.56 72 72 .
time
3.0 9.6 7.60 80 76

T SRR A TR R i, S I A R R S S L R
Z (8] B A FRVC FC 2 AR T 550 e A S 4 2 ) AL 2
M A B AR TR
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Table 3
chanical sensitivity of HTPB propellant

Effect of oxidant ratio of particle size on the me-

AP ratio

(coarse/fine) samples bo/) Pl %
before adding curing agent 11.0 24
59/10 end of mixing 9.6 24
end of curing 16.7 4
before adding curing agent 22.4 20
41/28 end of mixing 17.4 16
end of curing 15.2 24
before adding curing agent 13.5 72
29/40 end of mixing 10.2 60
end of curing 13.2 68
AP B B H 109% 3B 40 % B, 24 3% JA J58 J JoE 9 o

JER B SRl /N P B R T 22 ) At 245 LR R e A T
J7 T4 AP R NI 2 G K
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particle Jso/) Pl %

. before before .
size of rheological
. adding end of adding end of .
fine AP properties
/ curing mixing curing mixing

pm

agent agent

12.8 15.0 12.1 16 8 good

7.1 12.0 11.2 12 16 good

3.9 14.8 12.6 40 44 general
2.0 9.56 10.0 68 56 bad
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_ .LAP(I)/EMT 185.4
o \/ 986
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Fig. 1 DSC curves of AP/EMT
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Table 5
mechanical sensitivity of AP/EMT system

Thermal decomposition reaction parameters and

| temperature Q/J - K/ /) P o

sample .g s -

p peak / °C ) 50 b/ 7o
Tor 284.2 0.65

AP 655 27.34 52
Ton 355.1 0.26
Tor 289.3 0.40

AP/EMT 1623 3.49 60
Ton 352.2 0.41

Note: T, and T,, are the decomposition temperature peak at low tempera-

ture and high temperature respectively. The decomposition reaction
rate constant(K) at low and high temperatures were calculated from

585 K and 635 K respectively. Q is decomposition heat.
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AH, TR CPRGE IR L K58 O BRE R R
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WAk RN
dx/dt=(1 - x)"K (3)

A, KR FA T3 M S 0L T 588 500

— BN, BT B N IS T 220 S R ) T FE D) X
(3) AT AL A -
dx/dt=K (4)
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Table 6 Effect of coating of fine AP on the mechanical sensi-

tivity of propellant slurry
L,/) P,/ %

fine AP before adding  end of before adding  end of

curing agent mixing curing agent mixing
general 14.5 12.3 76 64
coated 16.6 15.7 52 48
3.4.2 A MAE 1L 7 GRC) R B

TR v MR A R PP R AR R Y i e R R
ML SR B 2ok o %) = D DR I, R R v 49K ot A
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Table 7 Effect of GRCJ content on the mechanical sensitivity

and burning rate of HTPB propellant

T8 PRI X 4 1 50 o 24 ML AR RR T 1) 52 )
Table 8

of cured propellant

Effect of desensitizer on the mechanical sensitivity

content of .
sampling time L.J]) P /% CctoMn
ara /% TP ol B s

formula characteristics type of desensitizer  L,/) P,/ %

before adding curing agent  14.5 72
0 end of mixing 12.3 64 26.10
end of curing 15.8 56

before adding curing agent  14.8 64
2 end of mixing 12.0 32 30.97
end of curing 16.3 44

Control no desensitizer 10.2 80

GZJ-01 14.6 68
process additive

GZJ-02 10.7 76

DBJ-01 12.6 88
electron capturer

DBJ-02 13.8 96

GZJ-01+DBJ-01 combination 12.4 88

before adding curing agent  14.1 56
4 end of mixing 12.1 48 36.29
end of curing 13.5 60

before adding curing agent  13.4 52
6 end of mixing 10.7 68 45.88
end of curing 11.3 80

Note: 1,4\, are the burning rate of HTPB propellant under 6.86 MPa,

P BN S B B0 T A A SR AR S A
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EMT, BT LA 250k R T 52 o AR o0 4 2 00 48R 0 o L LAWK
R R 17 ] A
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PEF A2 B 1 A1 o ol BE 4B I AT LA R R I 48 Ak 7R
L I Fr JEE 8 o4 o VR L U BOS TE . A B
AP RE R A 09 MR A T SRS AR e T T
DA R AL B 28 550 174 B 4 R

T RE W) STAE B L 2 PR AR AN T T — Rl AE
8 ol Bl JBE 4 I R 08 AR A B S5 W B EOR A T
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AR LA R AL i 2 590 A 245 ) L BRUER

TE T F2 v AR a0 500 o im A T B 7 AR R S B
GZJ-01.GZJ-02 F1 H, ¥ 4§ 4K 77 %Y B 8% B 5% DBJ-01 .
DBJ-02, % £ T H G T ¥ i 40K o 4 328 70 B b 245 HIL A U
B FE 45 5 WL 3 8, R 8 T FEAE R rp e i
A GZJ-01F1 GZ)-02 W, #E 3 0] B 245 04 BIL B SR 52 g
R B O A FL 4 2 5 R R B 5] DBJ-01
DBJ-02 Hif , i 1 751 4 o Ja% B o A1, 2 5 2 344 o 5 7
Fofr 2 0 1) B S B 751 GZJ-01 11 DBJ-01 £ 4 1l 1 15 G 1
ETATICIE gas
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DA I AR 9 18 751 %) ML AR S
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4 AP 1R FH 4 £5 4 16 7] GRC) HUAR EMT 25 0] LA &A%
T v R S HE A R ) ML R

(4) i b KRR GZJ-01 . GZJ-02 £ B A1 i 3 7
B A R 4 s S L 35 R K i B 5T DBJ- 01,
DBJ-02 AT LA & A 4 28 77 8 o J B, {2 458 J B 36 m
VR o 28 TR o2 J ) Al s I D [R) 250
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Study on Decreasing the Mechanical Sensitivity of HTPB Propellant with High Burning Rate

PANG Ai-min, LIU Xue
(Science and Technology on Aerospace Chemical Power Laboratory , Hubei Institute of Aerospace Chemotechnology , Xiangyang 441003, China)

Abstract: To decrease the mechanical sensitivity of hydroxyl terminated polybutadiene (HTPB) propellant with high burning
rate, the effects of liquid ferrocene combustion catalyst (EMT) content, particle size and ratio of oxidant AP on the mechanical
sensitivity of HTPB propellant with high burning rate were studied. The correlation between thermal decomposition property and
mechanical sensitivity of AP/EMT system was studied by means of DSC-TG thermal analysis and mechanical sensitivity test. The
fraction and impact sensitivity of the propellant slurry increased with the increase of fine AP content or the decrease of fine AP
particle size. The decomposition rate constant and heat of AP at high temperature was increased by EMT, which explained the in-
creased mechanical sensitivity of the high burning rate propellants. The mechanical sensitivity of the propellant might be reduced
by reducing content of EMT. Synergistic effect was not found between the amine salt desensitizer of GZJ-01 and electronic con-
ductive polyaniline DBJ-01 on decreasing the mechanical sensitivity of high burning rate HTPB propellant. The mechanical sensi-
tivity of the high burning rate propellants can be decreased by coating with fine AP and replacing EMT with GRC]J.

Key words: high burning rate propellant; hydroxyl terminated polybutadiene(HTPB) composite solid propellant; mechanical sen-
sitivity ; safety property;ferrocene
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