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T AR L S 55 1 A5 1) RDX/NC/ALN S G /2
KB IE AL Re N BB KE I R E R S T
25.11 kJ-mol™ Fl 2.4 °C, $ A5 HE I 540 B2 42 & JF R
% I PRI AR AR BIAR B A 20

S i 2 U KE 2 45 4 4 2 IR B R I
— A R 2 0 BE Y L ) A T RO RS
(20Bw=0, ' OB, Jy & & FE 25 i 48 i Fh 4l 53 1) A
M, o, R 55 PR A 23 0 T i 43 B0 B ML B B2 S KR 2 R
A JE I 23 77 AR B KOOI R I 8 B i AR RO, HLL
B Sk 19 ML CO,  H,O N, 25 L7 T 1Y
Sk ST U, RS S ALAE M B8 AR i BB LA K
LA MERE, DR EOT M o BC H AR BE R I RDX O 4K
FEZS  NC ARG 457, v SR B (AP) R 5841, 9 K Al
3 A MR Be 7, SR FH AL TR A 125 AR i v 1 35 R ) B &
ST RDX/NC/AP/ALE & KEZG  JF X5 A b (B 50 34
o fifk M B8 R B B JER B SR BB HE AT SR AE , LU Ok S &2
RDX 352 & & e A4 R il £ £ 18 LB .

2 SLIGER 4

2.1 RIS S

NC, & & 12.76%,255] ;RDX, Tl &%, kitt
10~110 pm, 805 ;44K Al SEH K424 96.5 nm, I
T R A AN K BB A BR 2 W) R, N N-Z R B
(DMF), 732l , RER RAGZAAUER T

SS F 5] i L MG 25 e b UK B AR B R R A
[{FE7NEI 8
2.2 tHFmElE
2.2.1 HHIR A E$ & RDXNCAPAIE G HED

Fie R A 2 U)o — 2 BT R 1 NC(0.04 g)
RDX(1 g) . AP(0.588 g) FI4 >k Al ¥ (0.412 g) % fift 7F
PR A DMFIR G W (R BLLE S 11,5 mL) R 5
FE g 00 B P A% B EAT 2R R 45 R 55 °C) L B R
40 min Ji5 , U8 R TR TR B E S MEL) . B W RE
LT,

NC RDX Al AP

Heating evaporation g Freeze drying e
=n 5

\R

DMF+Acetone

1 HUIR & L H 4 RDX/NC/AP/ALE & Wrin 2 K
Fig.1 Flow chart of RDX/NC/AP/Al composive explosives

prepared by mechanical mixing mthod
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2.2.2 EHEBEEH & RDXNCAPAIE S ED

Fie BT 2 00 B U)o — 2 BT 1 NC(0.04 g)
RDX(1 g) \AP(0.588 g) % it /£ DMF(5 mL) HJE il ik
BURW, FB 9K ALK (0.412 @) N AR S IR T
FE O BOE RS E 1B SR 5 AT L s A B
RO 2,

NC RDX AP Al

= S Stirring _ = Magnetic -
- I s ISonicationfg IStirring \

DMF+Acetone
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009 o °°.°° oo*-
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2 LIS I % RDX/NC/AP/AI B & Wi 2
Fig.2 Flow chart of RDX/NC/AP/Al composive explosives

prepared by electrostatic spray method
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2.3 PEeEMK

145 HL BT (SEM) R AF < 2R FH SU8020 %4 41 i i
W (H A H L2 5] ) WEERE S iR AR R TR A, B
sty O 3 2R A7 S 4 b B R T O T AR R
5 kV,

415 4y B 2 % Tensor-27 4 By 28 46 21 415
AN (A 5 7 22 AR AT BR A | ) (FT-IR) X B i 1) 21
Sy AT A3 AT W B3 L 400~4000 ecm

P BE LA - R H STA 449 F5 Jupiter % TG-DSC
FR3 BT ASC (A D T 3t ) X A it 1) AV B AT 40 BT L TR
HR N 5,10,20 K-min™', FHE L F 30~500 °C, &<,
R

RS I < SR FH PR o B 22 X6 2R A7 0S8R L R
PHANTOM v 12.0 UX50 & # #5182 ML ( 92 = W58 BF 55
AL YN DRSS /3 P U

f o B . 2 R AR GB/T2178-2005, 2k H
BFH-12A 7 % fi 4 7 8% B2 A (5 58 OZM R 2> 7)) il
TR B R L R R k< VKRR T B 2.5 Kg L 24
#(35+1) mg. Mk 25% .

JEE 45 R B2 K - 2 BRUEL A GB/T2178-2005, 5k H
FSKM-10 #I FEHZ IR AL (58 OZM AR A vl ) I E FF i
YRR IE E 408, DA 42 4 90°, £ K 3.92 MPa,
255 (20+1) mg, Mk 25 % .
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3.1 SEMXR{E

R FEHUBOR A 5 #0255 A i R o 0 24 o0
S50 R AL, W BEURE RDX LR TR 4 1k R H 08 25 1k
il 15 i) RDX/NC/AP/AI G & FE 25347 T SEM I, 45
R 3 s . B 3a R JEE RDX, AR IE MR 0 AN #L
W B HtR 285 0 R AR KN — o & 3b A HLR TR A i 1l
7319 RDX/NC/AP/AI S & HE 2, AUk 22 g BR AR, 3R T
St T ALE Y UKL A BUPE BT R AR FE 200~700 nm
Z ], [ 3¢ Ay i H I 55 vk il 45 7 RDX/NC/AP/AL &L
G HEZS  FLRURL LA AT SR B8R 1 08 X AEAE R AR 7E 100~
500 nm, H T NC U 1) 9 45 28 3k 45 #4) {745 RDX/AP/
ALTE NC 4> T4 09/ T AH B QSR 25 i & v R
A FEZG R R R, BB R E S .

G

1 uﬁw‘ 1

b. RDX/NC/AP/Al composite explosive

prepared by mechanical mixing method

2 um

c. RDX/NC/AP/Al composite explosive

prepared by electrostatic spray method

3 AN[EIHE AR SEM A
Fig.3 SEM images of the different samples
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3.2 ZHaSW

SR A B 21 Al % AL JEURE RDX UNC L ALLAP
HLAR IR A 75 R FL 1 55 75 il 15 1) RDX/NC/AP/AI Z &
FELG AT I, B A5 FT-IR G a1l 4 fr s o AR 4 1]
PLE HNCRRAE M i £ 224 :1651.1278 cm™ (1)
—ONO, Ht A JE XF FR X6 FR A 46 iz 5 1%, 829 cm™ (1)
CONO,Z AR Sh1& ; RDX AE 1271 cm™ Ab 77 76 filf B i
FEAE I 78 1595 cm™ . 1390 cm™ &b 72 76 —NO, 1Y 5
fiE W&, 7F 3074 cm™ Kb 77 78 C—H F F [ 08 i 06 5 44 oK
BAE 3411 ecm b I —OH R AE W el 1614 cm ™ Al
912 cm™ 3t 3 4bF¢AE W WL U5 5 AP 43 3 7E 32701410,
935.619 cm™ &bt BURFAE I 05 0

NC

1o51 >N
RDX 1278 o 829
3074 1595
12n

AP 1390

3210 1410 \ 935
Al 1030 619,
[ — ‘)_/—-/

RDX/NC/AP/AI prepared by electrostatic spraying method "

3072 desp
RDX/NC/AP/AI prepared by mechanical mixing metw
1651 ¥

3072 27
1995 132 L 918 837 621
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olem’

4 K417 5 RDX/NC/AP/AI S & K25 1 2151 i 4]
Fig.4 Fourier transform infrared spectroscopy of RDX/NC/

AP/Al composite explosive and each component (RDX, NC,
AP and Al)

W 4 v HLARTR A5 v 0 f s 25 3k o A5 1 RDX/
NC/AP/AI & & KE 25 1) 21 A WIS G 35 55 4 F kL) 21
SN G TE R E R DU LB A i A i i st 55
75 1) RDX/NC/AP/AI Z & ¥EZ54E 3072 cm™ 4b 1Y
W5 RDXFE 3074 cm™ &b i) C—H JEF s g AH W) &
7E1593.1389/1392 cm™ A 1271 cm™ b AU 43 5% 7
RDX7E1595.1390 cm™ B—NO, G 1271 cm™
B il JHie B AE 0% 5 75 1650/1651 cm™ 1 840/837 cm ™' Atk
I U 43 511 5 NC 7E 1651 cm™ &b 19 —ONO, % 1 45 1iF
I F1AE 829 cm™ Ak i) C—O—NO, 28 JE & 3l it 41 Wy
A 1E 621 cm A A% 5 AP FE 619 em™ b (9 I A W
B 7E 918 em™ Ab HY I 5K ERFE 912 em™ Ab B R 1E
WA AE X T o A O 5% 4 A JURE 55 B AT A 92 R i
%5 1 T il 15 () RDX/NC/AP/AL S 4 KE 25 Y 21 Al ot
T AT D R BT A RR AR 06 O VA R A I A%, Ul TSR
WA 3 e A B TR G W T 2 53 NC DR RDX AP
YOk Z B HJR s W E A
3.3 MRS N

J5 8 RDX . HL AR IR & 1 R0 F mE 55 BT ) 45 19
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RDX/NC/AP/AI & & ¥E25 1) DSC it e tn I8l 5 fir s, A
E sarha] LIF H, JF R RDX 7E 200~205 °C4b 1230~
250 °CAhb 53 i) Hy B — A~ W FA e 7 s #A0 5 DAET 5b . 5¢
Al LA, RDX/NC/AP/AI A 4 ¥ 25 76 200°C 22 47 il
203~210 °CAb 53 ) Hy 88— A W P e F e 0 o 5 4b
E AR [R] IR 3 8T P Rl 5 3 I i 45 9 RDX/NC/AP/AL
I G I 247 1 W AR R TS AR D X A — R ) T L0
WA TR, —JrHE T Al e 25,
T B RDX/NC/AP/AI 5 4 1 25 2 [ 45 $ T8 5y i 47 5 55
—J5 1 T AP BN A 2R 3 RDX [ 53 fff o A o

— =20 K-min’!
== 2490°Cc =10 Kmi'
22.7°C T

heat flow

150 175 200 225 250 275 300
temperature / °C

a. raw RDX
- 2065 C — 20 Kmin
—— =10 K'min
— =5 K-min"

heat flow

150 175 200 225 250 275 300
temperature / °C

b. RDX/NC/AP/Al composite explosive

prepared by mechanical mixing method

— p=20 K-min’!
— =10 K-min'
— B=5K-min’

el 2082 C

heat flow

150 175 200 225 250 275 300
temperature / °C

c. RDX/NC/AP/Al composite explosive
prepared by electrostatic spray method

B 5 AR TEA [ R ER T B DSC it £k

Fig.5 DSC curves of three samples at different heating rates.
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HE AR &1 5 20 0 ik R 0 06 U K i, A T I 25 IR 3
712 Kissinger J7 2 (1) 43 5l 3155 1 5B RDX BB TR
A1 H 15 9 RDX/NC/AP/AL S 4 HE 25 LA R i v 158 55 v
il 15 ) RDX/NC/AP/AI & 4 KE 245 19 #8453 figk 3= WL T AL fig
E,Fnf8 Hr A F A
In[B,/(T,)]= In(AR/E,)-E,/RT,, (1)

PA/T, A bs, LA In[B/(T,)7 1 R G A bs R A7 2k
PG R b g AR E R R (Kemin™) 5 T,
S A ) il T R 24 0 A3 gk e T (KO 5 A Sl 48 i IR 5
(s7);R=8.314 ]+ (mol-K) " R =A% % ; E, 0 & Wik
fERE(K)-mol™) . THELEILE T,

R MMM TSR

Table. 1 Kinetic parameters of thermal decomposition of
samples

E, A T, T,
sample I s

/kJemol™ /s /K /K
raw RDX 193.15  1.1x10'" 485.58 496.18
RDX/NC/AP/AI 45

416.02 3.3x10" 468.55 473.02
(mechanical mixing method )
RDX/NC/AP/AI Y

457.27 5.9x10°" 472.97 477.11

(electrostatic spraying method )

Note: E,, Apparent activation energy, kJ-mol™; T, Critical temperature of

thermal explosion, K.

iR 1 A, WAk A5 1) RDX/NC/AP/AL S
HYEZHY E RN A BB RDX 0 AT 45 K IR A9 2 %0
1 X — IR W JE R (1) AP 5 NC 3 it b 4
e, 76 THE I 4 F F , AP 5 NC B B 43 fiff 43 14 &
Koo 7E—EFE B L T RDX M #o i, LA
kAP FE B A KE 25 T o E B 24 R 30% , BOIE B A K
25 19 3% Ak e 5 35 A 2415 ) K AR L (2) BT
B RDX oK 28 40 Ak Ab 3, R RDX 1 JB0RL e M 8 %
T v I B B B R LTE Ak RE R AR L 1 2 5 AL
TR A T R L M 55 Tk AL B Y RDX AR AR /D S B
Bk, L5 & 4143 2Z IR AF A2 AH BLVE AT, o m] il i A4S B
st 9 3% £k BE 5 95 I R 349 15 381 R e R 4

J5 R RDX . HL AR IR & 1k R0 i H W8 55 BT i 45 1
RDX/NC/AP/AI 5 & HE 2575 FHR N 10 Kemin™' (1)
TG-DTG &k & 6 frox . Kl 6 7l LA, Bkt
RDX J51 12 48 25 73 P A~ B B, 46 — By BeAE 200~220 °C
Z ), 3% By B P T o R B R O 92 5 5 W B AE
220 CZJa, Btk FEEPEX B, H DTG
28 & 5B RDX AE 243.54 °CH ik 31 e K30 i 8
2,250 CHY Yy it BEAS o3 fiff 56 4> B AR TCER R W It L Jox
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H 12155 99.60%. RDX/NC/AP/AI K A 125 1y 2%
H R A PABY B, S — B B E R AL P AE 200~
210 CZ 8], % B B g o B -+ o3 o, 3 22 AP Al
H 5> RDX Y 4 fife 121, MILABCTR 45 125 R R W05 55 i 1 45 1Y
RDX/NC/AP/AIE G ¥EZS 73 5I7E 206.57 °CH1203.61 °C
K B 5 R i R 8 T BeE 250~350 °CZ i),
FEJE T RDXAINC 19 43 il . ALBRTR & 1 F i
55 55 T 1l 45 19 RDX/NC/AP/AI S 45 K 2 i B 451 2k 43 )
iKF 91.92% 1 92.32%, & B T 40 K 58k 09 & S FE
400~600 °CZ [8], 555 A A A Ak 2 B B8 43 55 43 W1
AR/ (A

Y

............................. S =
—— Deriv. Weight'~-»—--2-9:-)’1§1» %

Weight
Electrostatic spraying method
Ve

Deriv. Weight \ 206.57 °C l 91.92%
Weight [ s
Mechanical mixing method

—— Deriv. Weight \ 243.54 C
””” Weight S
RawRDX | ,

50 100 150 200 250 300 350 400 450 500
temperature / °C

6 ARFKESHETG-DTG HiZk A
Fig.6 TG-DTG curves of different samples

G F 0 43 R B (TASDT) 7SR fift 4 X (T =
TotbB+c(B)?), 2 b=0, T, BT RLIA Ky F in 3 43 ik i
BE o IERKE G PR (T) ik 220 (2) 15 31, 25 - 0
1. FER RDXAHLL(T,,=485.58 K, T,=496.18 K) ,
BUAR IR G 9 49 B 003 o e T, 38 R0 AR RR KB it A 3L 2 4 )
B AR T 17.03 K A1 23.16 K, AL Mt 55 325 B i 15 19
RDX/NC/AP/AISZ G 1 25 1 B I S5 A Uik B2 R0 AR H HE
I 3 8 43 R AR T 12,61 KA1 19.07 K, X & T
AP B 43 il 7= W e A AT BRI O S Y B T AR i

39.8 ms

69.8 ms

159.8 ms

LI T

TR HE A E ROk > 0 L £ 4k R
(NC) 53 721 NO, & NC B AT 38 F AL VE L, 72
0 ) 5 e T A AR S 0 1 o i R
K, R AR i 118 A AR 1 15 B 4 o

E, - JE} - 4RET,,

7R (2)

Ko, R=8.314 J- (mol-K) " IS M H 5 ; £, £ W
TLRE L k) -mol™; T, Ry Tl 3 % ¥4 3 T 0 B 1Y 43 fiff 0%
T K T,k AR K I 5T L K
3.4 BRERIERE

XF R RDX FE A7 A5 Rk be ik, A FH #2322 51 1%
RDX,RDX Jf AR HRBE , B> AU BE & K& 09 1 &
M 25 A2 B, TG KA T KR B B 3O BT 4l RDX
KOS AR TR S N R B SRR TR
o AR R A B R e A

SR FH PR SH N 44 22 11 55k 7 5K, I F 5000 Wi /s 11 5
R AR AL IC S AL MR A T RN e R T 55 0k BT A Y
RDX/NC/AP/Al & & K 245 09 A be o FE , 45 SR an &1 7
Fr7s o

i & 7a T, HLMRIR & 125 BT il 45 19 RDX/NC/AP/
Al A KE 25 1 5 K HE R B 6] 24 4 39.8 ms, 75 K 2
319.8 ms i ik B e K& JORD AR RRSL I ] 2
4960 ms, BRBE i AR PR A T WS 0 KA HL KO v
B MR R TR E/NRHETE s th 1B 7b ol 0, #8250
2145 59 RDX/NC/AP/AL S 45 e 25 1 5 K IE 3R 15 1]
20 18.4 ms, JREEH NG BT IR 4 5) = R B S 1
AT KA TR LA AT KR KR . AR e i B &
HETE18.4~238.2 ms Z[A] , 7E K%y 137.8 ms B ik £ iz
KRR A o BB A1 29 8 219.8 ms, B
AR RS R R L RS 25 3 T 1 45 19 RDX/NC/
AP/AI S 45 e 245 FLAT 35 1 A KB SR I [R) 3 2 il
LR 3407 1 8y J5 R, K — 02 NC 7E i 45 o 7 b B 58

TI) =

°239.8 ms - 319.8 ms

- 599.8 ms

999.8 ms

a. RDX/NC/AP/Al prepared by mechanical mixing method

18.4 ms 42.6 ms 106.4 ms

¢

B 7 RDX/NC/AP/AIL A YEZS By kb ot 72

Fig.7 Combustion process of RDX/NC/AP/Al composite explosive
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b. RDX/NC/AP/Al prepared by electrostatic spray method
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MUTORG 25 ] AR R B R R R B B 51 HURE R
1 B B MR PR R L LA B AR Y A A TR A B T
F% Al RDX/NC/AP/AI 5 4 1 24 5 JCIE 38 B[R] (9 4 H 5
H &R T TR 09 5 A K 25 ek A i AR ) AP R
oK AL AEAE  F 006 MR 1 AL A3 £ RDX
Sy AL AR E T RDX BRRRE , S &k T RDX/NC/
AP/AISE A JE 251 5 K B SR R[] 4 i TR be i 5
IR AT R RDX ML IR A 9, 38 2o i v 5 25 5k
T2 BT il 75 RDX/NC/AP/AI & G ¥E 25 By R+ R A2 /N,
Ll 2R R/ A R T AR AR R N AL 4, DT 42
i BB AR
3.5 HHERE MR

J5UBE RDX HLAER 5 125 i 75 19 RDX/NC/AP/ALFI
R 5 55 vk T A5 B9 RDX/NC/AP/AL B 4 1 2 1y 1 o Jak
JEEE N 48 T R S AR L3 2

F2 AR AL A BB

Table 2 Mechanical sensitivity of different samples

sample Hy,/) FS/N
Raw RDX 2 144
RDX/NC/AP/AI
’ o 35 200
(mechanical mixing method)
RDX/NC/AP/AI
>45 >350

(electrostatic spraying method)

MF 2 T LLAE H 5 R RDX A L, 1 5 32 1l
15319 RDX/NC/AP/AI S G K 24 (1) 48 of Jo J32 0 P2 458 J i
REAI , 22 4 PEAT B 45 o, 3L b i ol 5 55 74 1 45 19 RDX/
NC/AP/AI & G ¥EZS M B IRACR e o W35 . X2 T
=)W AR - (1)RDX/NC/AP/Al B4 125 4 5 4m ik
AR T K 24 e i A T 2 I 0 Ik A R B A B
Ze T AL (2) it A i R RDX/NC/AP/ALE
G VELTIPRLAR /N AR T IR RD X, B i 1) S0RE e o I
D ERIGAR AR BE B AT 0N 2R DG B f D b T
TURE 22 8] 11 B 48, AN By it 1 Jmy 0 A A0, AT o AR it 17
a8 o PO EE 450 © (3) 0 LI 25 42 1 45 1) RDX/NC/AP/
ALE A HE 245 R NC AR ARG 25 700K 45 ol s 43 AH BORS 2
RAE R Wl 5 28 PR B I T R S 55 A A 1Y
RDX/NC/AP/AIZ A K25 1 LA B 22 L AL 2 A3 1
51 RDX/NC/AP/AIE A K2 WU AR

4 Hig

(1) HLMIR A 14175 1 RDX/NC/AP/Al 5 4 YE 24
BRI, B AR AE 200~700 nm 2 8] ; % H 5 55 F R il 4%
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i () RDX/NC/AP/AL S G JE 25 Ry I BR 45 1, ki A2 78
100~500 nm Z[a] . PR J5 3 ir il 45 i TR A& 9 b i 4
S G T YIE G

(2) FE R RDX AH L, HLAE IR A 32 i e it 25 3%
il 13 1 RDX/NC/AP/AI G & KEZ5 i iG fL e 7 Sl 4 = T
222.87 kJ-mol™ 1 264.12 kJ-mol™", T 4R L Iifs 7Lk E
I IFEAR T 23.16 K F119.07 K, B2 5 PEFEAR .

(3) J5i B} RDX 7E % N Jo ¥ 1E 5 B 06 ILMUR & 7%
il 73 ) RDX/NC/AP/Al 5 & JE 25 5 K 4E B (8] 29 2y
39.8 ms, B A BB RESL T [ 249 28 960 ms, i AL T 55 14
il 73 (1 RDX/NC/AP/A & 4 HE 245 1 55 K 8 3R B 1]
18.4 ms, F dh R B P, BRBE I [H] 29 219.8 ms, 4
K AL AR AP 1R B8 A8 15 5 414 2Z 8] AH B #4
[ I 0 v 1% 55 2 T ) 45 A RDX/NC/AP/AI B & ¥ 25 B
FEE IO ot

(4)JFR RDX Ay o B3 R 2 ), BRIl 144 N
HUAR IR A5 15 145 59 RDX/NC/AP/Al 4 1 2 1y 1 o Ja
JEE R JEE 82 B 43 1 Sk 35 ) RN 200 N, i FL Mg 55 2 1l 45
i) RDX/NC/AP/AI & A K 24 1) fi o 12 P R B8 452 Sk 5 4
B >45 JF1>350 N, f1 AT UL, LA TR A 72 i v s
%1145 19 RDX/NC/AP/ALSZ 45 HE 25 f i 1 J2% 2 A g
P P A 3 T OB RDX M AR B R ARG, B JE s R
o,
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Preparation and Characterization of RDX/NC/AP/Al Composite Energetic Microspheres Based on Zero-oxygen

Balance

JI Wei, XU Yu-xuan
(Sichuan Collaborative Innovation Center for New Energetic Materials , School of Defense Science and Technology , Southwest University of Science and

Technology, Mianyang 621000, China)

Abstract: Mechanically mixed and electrostatic sprayed RDX/NC/AP/Al composite explosive using nitrocellulost (NC) as bind-
er, ammonium perchlorate (AP) as oxidant, cyclotrimethyltrnitramine (RDX) and nano aluminum powder (Al) as combustion
agent were prepared based on zero oxygen balance. The morphology, structure, thermal properties, combustion process and
mechanical sensitivity of the different samples were analyzed by the scanning electron microscopy (SEM), the Fourier transform
infrared spectroscopy (FT-IR) , thermogravimetric differential scanning calorimeter (TG-DSC) , mechanical sensitivity and
high-speed photography. The component(NC, RDX, AP and Al) in RDX/NC/AP/Al composite explosives obtained by both meth-
od are physical composite. However, the microstructure of mechanically mixed RDX/NC/AP/Al demonstrated in spheres and the
electrostatic sprayed samples are microspheres. The mass loss process of RDX/NC/AP/Al composite explosive obtained by two
methods contained two stages (200-210 °C and 250-350 °C). The first stage is the decomposition of part of RDX and AP, while
the second stage is the decomposition of the remaining RDX and NC. Compared with the mechanical mixed samples, the activa-
tion energy and the critical temperature of thermal explosion of electrostatic sprayed RDX/NC/AP/Al increased by 41.25 kJ-mol™
and 4.09 K, respectively. Besides, the mechanical sensitivity is reduced, and the combustion rate is also improved.

Key words: zero-oxygen balance; mechanical mixing method; electrostatic spray method; RDX/NC/AP/Al composite explosive;
critical thermal explosion temperature;;mechanical sensitivity
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