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Study on the Low Aluminum NEPE Propellant with Low Burning Rate
ZHANG Zheng-zhong, SUN Bing-bing, LIU Yun-fei, ZHANG Wei, YAN Hai-tao, LIU Xiao-jun

( Xi’an Modern Chemistry Research Institute, Xi’an, 710065 )

Abstract: In order to reduce the burning rate of low aluminum NEPE propellant, the effects of AP particle size and content,
Al powder particle size, (NG/BTTN)/PET proportion, combustion catalysts and burning rate inhibitors on the combustion
performances of propellant were studied. The standard theoretical specific impulses of different formulations of propellant were
calculated, and the interior ballistic properties of the propellant with reduced burning rate were validated through ®165 standard
motor. The results show that the burning rate of propellant can be reduced through increasing the particle sizes of AP and Al,
reducing the contents of AP and catalysts, the proportion of NG/BTTN and PET, and adding burning rate inhibitors; The addition
of burning rate inhibitor T8 has a better deceleration effect, with a standard theoretical specific impulse of 2 503.08 Ns-kg™ for the
propellant, a burning rate of 3.54 mm-s™ at 2 MPa, and a pressure exponent of 0.48 at 2 ~8 MPa; The ®165 standard motor
charge prepared using the reduced burning rate propellant works normally and has a stable performance curve. The measured
specific impulse at 2.78 MPa is 219.25 s, and the burning rate is 4.57 mm-s™.
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Tab.1 Basic formula of propellant

%y W%
PET 5~10
NG/BTTN (JFittb1:1) 10~15
AP 35~45
Al 1~3
HMX 25~35
PRHEAMEA 1~3
He 3~8

HEEFIRE S A - BRI A4 RS A
£ 2 L A0, F 50 °C A 60 ~ 80 min,
RIS RE T AR e, CE TR,
50 °ClElfk 7 d, f30rehk, RIEVIN 5 mmx5
mmx100 mm A2 4%
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Fig.1 Particle size distribution curves of 3 types of AP
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Tab.2 Formulas and standard theoretical specific impulse
calculation results of NEPE propellants with different
granularities and contents of AP

) war/% — PR [rllj‘(LP
IS um 239 pm 338 um /(Ns-kg™)
DR-1 42 0 0 29
DR-2 32 5 5 29 2515.83
DR-3 22 10 10 29
DR-4 30 5 5 31 2514.42
DR-5 28 5 5 33 2512.81
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Fig.2 Burning rate curves of NEPE propellants with different
granularities and contents of AP
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Fig.3 Particle size distribution curves of 3 types of Al powders
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Tab.3 Standard theoretical specific impulse calculation
results of NEPE propellants with different granularities of Al

[iWaRe) dso/pm FRUERS oy (Ns kg ™)
DR-6 3
DR-4 6 251442
DR-7 15
g -
8 L
E s
= 6r —=— DR-6 053
= , n=\.
g / —o— DR4, n=052
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Fig.4 Burning rate curves of NEPE propellants with different
granularities of Al
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Tab.4 The influence of NG/BTTN)/PET ratio on the
standard theoretical specific impulse of NEPE propellants

fid 75 wpeT/% WNG/BTTN/ 0 FRAE RS Ho/(Ns kg ™)
DR-4 6.8 13.1 2514.42
DR-8 7.1 13.1 251091
DR-9 7.3 129 2508.42
DR-10 73 12.6 2 508.27
9 -
—=DR4, n=052
.
¢l * DRS, n=052 P
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o gL DR-10, n=0.50
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Fig.5 Burning rate curves of NEPE propellants with different
ratios of (NG/BTTN)/PET
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Fig.6 SEM images of Ct-Cu and Ct-Pb
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Tab.5 The influence of catalysts variety and content on the
standard theoretical specific impulse of NEPE propellants

B woed% Weery/% FRUEFEE o/ (Ns ke ™)
DR-9 1 1 2508.42
DR-11 0.5 0.5 2 526.04
DR-12 1 0 252515
DR-13 0 0 2541.16
9:
8 L
7 L
é —=— DR9, n=051
s 5t —e— DR-11, n=053
—— DR-12, n=0.54
¥ v DR-I3, n=056
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Fig.7 Burning rate curves of NEPE propellants with different
catalysts
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WRGHRRIRIG A, DT SE IR RN H S e SR R REEAIR

Horfr, T8 MYBEHEACRAT; HK T8 Fit % 1.5%,

WEDEFIAE 2, 8 MPa FRYIABUM IR 3.54, 6.93
mm's”, FRIRFEEIRZ 048, SIHLAHAT ) DR-1 AL,
ECTARERE PRI T 1275 Ns'kg™, 2, 8 MPa
THIAB N FIRAE T 091, 1.83 mm-s”, FRIRFEEF
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Tab.6 The influence of burning rate inhibitor type and
content on the standard theoretical specific impulse of NEPE

propellants
fiir 5 WA wien/%  BRIERES H/(Ns ke )
DR-11 - - 2 526.04
DR-14 DBP 1 2 508.84
DR-15 CaCOs; 1 2 505.36
DR-16 POM 1 2514.63
DR-17 T8 1 2 510.85
DR-18 T8 1.5 2503.08

v/(mm-s™)

v DR-16, n=052
—&-DR-17, n=0.50

—<-DR-18, n=048

> 3 4 s 6 1 8
p/MPa
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Fig.8 Burning rate curves of NEPE propellants with different
burning rate inhibitors
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Fig.9 SEM image of burning rate inhibitor T8
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‘SEMS000

i, TR R R IR AL

10 SPEE T8 B NEPE HEAFIHF MR
Fig.10 Photo of NEPE propellant sample with burning rate
inhibitor T8
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Fig.11 Interior ballistic curve of ®165 standard motor charge
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Tab.7 Results of the interior ballistic test for the ®165
standard motor charge
R/ ,C JE3%/MPa L ufi/s PR/ (mm-s™)
20 2.78 219.25 4.57

HE 11 FIER 7 AT0L, SRAMIRRA D4 NEPE 4
HEFRIHIES Y © 165 P& SIHIRZS TARIER . #HhET
Fa, SETAEEE N 2.78 MPa,  Herh 219.25s, 4
WA 4.57 mm-s”, T DR-18 it /7144 NEPE #ijt
FIFE 2.78 MPa RIS H PR 233.67 s, MIfifSHi%
B 7 LMl 0.938; MRAEFHSAHE A 1=2.532
op* 24 AR X )T 2.78 MPa S AR N 4.15
mm-s”, M5 HShEARE R 1.10,
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