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E: DL CL-20 AP AL ¥y FUER R fH AL 70052 T90 8 0 9 7 X 611 T 388 4 e 7 [ NB (PEG/NG/N-100/C, ) ,NB/CL-20, NB/
CL-20/AP ,NB/CL-20/ AP/ Al ,NB/CL-20/ AP/ Al/ Ct ] ,W}5% T & CL-201) NEPE #3500 f) SR 3 4k Az CL-20 AP (Al $53 FJsk B
PEARFRDNS R SR8 P BE B 52 0, IF 5 5% RDX Ay NEPE i 550 O #ABEMERE EAT 1 L # . SEHR 45 51 3R] CL-20 JRAX
RDX-NEPE #3551 v 19 RDX W] {ff 4 34 500 A MR 42 55 L {5 &% CL-20 i NEPE #E 357 (19 I ) 46 %0 T RDX 19 NEPE
HEHE ), ELMEAREAG ; AP i 43 & 5 F 70% 1) NEPE i 7] NAP (R #AE 4 ~ 10 MPa Ji [N 2 —T &, ¥ AP
JMAF & RDX Y NEPE #fE#E 5]t Fl& CL-20 i) NEPE i #F 70) b BB D0 HE 700 A 40 R B, SR R A, R AIR ) 46 80 3
SRR ALKy 843 B CL-20, 7E 2 i 7% CL-20 [ NEPE HE3E 5] (8 3 1- , BA 5 CL-2041 [7] 12801 s 4L 5] PbCO, 5
Pb(NTO), - H,0 B T % CL-20 iy NEPE ik 50 i 5 136 48

KR YRS CL-20; NEPE #fE3E]; #A3H; 485K

HESES: V512; TJ5 XHERARIRAG: A

- HEAL UM L, NEPE Hi35 700 6 FF £ 1 e 1 70 10 26 95 22
- BN AR, P ST 8] A S R AR TEFE M F S

REAR AR M T (A HE 0 0 2 A PR RE T B O B 09S WS AREMEN A CL-20 195 AE NEPE HES 71 b i f 1)
BRU L ELER — FAR B R SE R 0 T MU @4, ARSCAELLTE NEPE i ME R B 5 M 1 3
HEA] A2 4 00 ) B U M 00 A 4 MO OO O 0 X S T 1 52 1 B /I 4 95 A 0 7 8
BRI RE S RR R MR B, WIEREERBI0 5 BESCT PR AR X e LR P R 1 FE T
22 Ik 4 17F 77 ( Nitrate Ester Plasticized Polyether propel- e
lant, fFF NEPE JEE ) 22 [ | fib40 70 4p ftok 0 2 RBEEDST
ST R R BT — 10 SRR X R 2.1 T EEAE
Sy T UL A AT A 4R R0 10 0 L G AE PEG, M, = 6000 (11404 | 163 4 7 d fb T
PERE IS 2% P RE L 5% BT A AR R AT RS REIR = CL0(s ). Jpsud8 T A2 RDX, E/H %8, >
T ) 1) & J T 1) o BT B e e A A R (HEDM) 1 N R EOEIL 2 R G, K JEAL T3 NG, N-100,
B JE Jy it — P B NEPE HEdE I BB REYERESE [ Nco 2200 19% ; PbCO,(Ct1); [Pb(NTO), + H,0]
PESAROETE . A SRR ZE (ANIV. L o) o gy, s i & BB KT s AP, KIEILT 38
200 J8 R i 1L 2 IR MG RTEARAL R0 JRE g U bR B RE R L 1
Aoy 11 B R A R B 5 10 B RO 25, 0% CL20 3] A o
NEPE i3 70 65 §5 55 e 3 0 -t — /B 0 3 ijl; 1 “j:g”’; j*'fﬁf**‘*f
LA A [ 4 39 30 O 5 A 2 —

A5 e A WS B NEPE He 350 e )y 1 0 —— -
CL-20 ) 2 RE NEPE ik 5 FE Rl 1T 77, DL 3 3241 53 3 Wi formulation @ o A - mol " /k - kg /N s kg
@%bu%ﬁﬁ&i+ﬁﬁ@ﬂﬁ’ﬁ% CL-20\AP\A1 *}/};FHJ;%% CL-20 C¢H¢N,,0,, 0.800 1.98 415.50 6645.60 2756.5

N N RDX C;H¢NgO, 0.667 1.81 71.50 6198.09 2678.3
BEALHHE AR B PE BRI . W T BRI fux CHNO. 0067 190 7480 617420 273 3
CL-20 Xﬁ?fﬁi}:ﬁ”iﬁ}&@ E{J%/ﬁnﬁ ,ITXL)VI“T/E\ RDX E(J NEPE AP NH, CIO, 2.250 1.95 -294.14 1645.46 1597.0

of energetic materials used in this work
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Fl 2 ~ 12 MPa,
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2.3 i{kHlE
2.3.1 HEHFBESH

1 H 1 NEPE #3757 38l B 7y WL3% 2, 4% CL-20 11y
NEPE #fE# 7 #1% RDX ) NEPE #f 2 55 i 77 WL5& 3.
2.3.2 RKEHE
HE S FRVRE i R FHBC K Be % 20, 4 T 5 TE 1 4 1)

B, N THCRE T8 A9 AP X R T8I 5 L E S T X — A

9 i A 5 (HMIX =0 RDX) 55 4 4 2 79 1) o
RO P81 I S i 2% ] AR A SRR 5 P R A R ) 2 AU

A HG R DL T e A W 00 Al R e A A

PR N CIE AN {03 o T - o R G e (A E I
AR A R SRR T o T g T T 9K 0 2 A R A B A5 4R
S5 NS T T P B G VR T 68 U R s e

#®2 NEPE ##FIMES (RESH)

WORH A Al AE 5 SE SR AL (R E) IR Table 2 The formulation of NEPE propellant(in mass % )
A
1 h 7245, B2 585,50 C[EL 7 d, B, 7B ) PEG NG HMX AP Al N-100  stabilizer
5 mm x5 mm x 100 mm 1] 25 2% )32 P8 ~6 ~18 ~47 ~10 ~18 1 2
3 1
R R R %3 4 CL-20 4 NEPE #i# 7 %4 RDX iy
3.1 454 RDX f1 CL-20 gy NEPE # 3 5 & 77 89 NEPE ##FI B 7 (RESD )
K 13 4% M Table 3 The formulation of NEPE propellant containing
U2 45 9 B RDX A4 CL-20 [y NEPE #i it CL-20 and NEPE propellant containing RDX (in mass % )
% iy s m propellant . . - . Ctl C2
FIEC T PR SE R R L% 4 FgE S, »  PEG NG CL20 AP Al N0 G (added)( added)
3.2 CL-20 XJ 84 3% 89 2 M NB 233 71.7 - - - 33 1.1 - -
1 AP NR1 ‘% 28 1 & 1, % NC1 7 21.5 70 - - 1 0.5 - -
NC Iﬁ N ;Fﬂ R EI/J}: rjoEH f‘JL,. T NC2 7 21.5 60 10 - 1 0.5 - -
It NR1 5 NC1 ®] 41, 24 NR1 1 70% 1) RDX #% CL-20 NC3 7 21.5 42 10 18 1 05 - -
S 5% NC1 . % 4,){ A % ii NC4 7 21.5 42 10 18 1 0.5 3 -
AR R A WIR SR A Jon g B2 Nes 9 ol 10 15 1 os -3
B s A9 486 o i e 50 o ) I T g s o 3G, X NRI 7 215 70 - - 1 05 - -
b LB e 1B AL CL-20 Qj: NR1 70% 115 RDX NR2 7 21.5 60 10 - 1 0.5 - -
FA}EHI_JFIIQEI_JL%FE/J % EP ¢ B/J NR3 7 21.5 42 10 18 1 0.5 - -
B AP HUE NAP B RATAE 4 ~ 10 MPa i [l Y BE T NR4 7 215 42 10 18 1 05 3 -
—ANF-5& , Y] AP 7E NEPE $fi F 771 o 2 i Fi e 7 48 N b
BN IR 2417y NEPE 785745 F) - BRAR T 1 4
% 4 & RDX i NEPE ## 71 B2 75 B9 #4 i
Table 4 The burning rate of formulation of NEPE propellant containing RDX
propellant u/(mm - s~ ") at different pressure/MPa pressure exponent
b 2 4 6 8 10 12 Ny _4) N4 _6) (g _g) (g _10) Ny _12)
NR1 2.13 3.99 5.85 7.61 9.58 11.30 0.91 0.9%4 0.91 1.03 0.93
NR2 3.21 5.37 7.33 9.66 11.99 13.87 0.74 0.77 0.96 0.97 0.82
NR3 3.74 5.82 8.22 11.45 14.68 18.90 0.64 0.85 1.15 1.11 0.90
NR4 4.41 6.47 8.75 10.94 13.28 16.29 0.55 0.74 0.78 0.87 0.72
NRS 3.97 6.30 8.60 11.25 13.95 16.79 0.67 0.77 0.93 0.95 0.80
&5 & CL-20 gy NEPE # # 5 99 #4 3=
Table 5 The burning rate of formulation of NEPE propellant containing CL-20
propellant w/(mm - s~ ') at different pressure/MPa pressure exponent
1D 2 4 6 8 10 12 Ny 4y M4_6) M6-3) (8 -10) Na-12)
NC1 4.46 7.41 10.20 13.89 17.34 21.45 0.73 0.79 1.07 0.99 0.87
NC2 6.10 10.03 13.12 17.20 21.93 25.81 0.72 0.66 0.94 1.09 0.80
NC3 5.54 8.87 13.11 17.00 21.74 25.19 0.68 0.96 0.90 1.10 0.86
NC4 6.90 11.66 13.70 17.05 21.12 26.86 0.76 0.40 0.76 0.96 0.72
NC5 6.58 10.42 15.59 18.07 24.45 27.32 0.66 0.99 0.51 1.36 0.81
NAP 6.25 8.31 8.86 8.96 9.24 10.48 0.41 0.16 0.04 0.138 0.25
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Fig.1 u-p curves for propellants NC1, NAP and NRI
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Fig.2  u-p curves for propellants NC1, NC2 and NC3
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Fig.3 u-p curves for propellants NR1,NR2 and NR3
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Fig.4 wu-p curves for propellants NR3 ,NR4 and NRS
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Fig.5 wu-p curves for propellants NC3 ,NC4 and NC5
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Combustion Property of NEPE Propellant with CL-20

DING Li, ZHAO Feng-qi, LI Shang-wen, XU Hui-xiang, LI Yong-hong
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The effect of CL-20, AP, Al power and combustion catalyst on combustion properties ( burning rate and pressure expo-
nent) of CL-20-NEPE propellant was studied with designed formulation [ NB ( PEG/NG/N-100/C, ), NB/CL-20, NB/CL-20/AP,
NB/CL-20/AP/Al,NB/CL-20/AP/Al/Ct] , in which the ingredients are added one by one, and compared with that of RDX-NEPE

propellant. The results show that the substitution of CL-20 for RDX in RDX-NEPE propellant increases the burning rate, but the
pressure exponent of CL-20-NEPE propellant which is difficult to reduce is larger than that of RDX( HMX ) -NEPE propellant. The
burning rate of AP-NEPE propellant containing 70% AP reveals a plateau at 4 — 10MPa. Adding AP into CL-20( RDX) -NEPE pro-

pellant increases the oxygen coefficient and the burning rate, and decreases the pressure exponent. Addition of Al powder increases

the burning rate of RDX-NEPE propellant although has little effect on that of CL-20 NEPE propellant. The pressure exponent of
burning rate of CL-20-NEPE propellant is decreased by combustion catalyst PbCO, and Pb(NTO), - H,O.

Key words: physical chemistry; CL-20; NEPE propellant; burning rate; pressure exponent



