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2.2 HmEl&

ABIFGE R W - 7K A0 25 76 46 HMX i PBX, PBX
Fd R E L HMX - R - A8 =94 :5:1,
HMX e L W36 1, 1 a4 B3R 1 dh i s i L AR
ANFVRLBEGON I HMX, BuiE R 94 g, I R 42, 0
A 300 mL 1y 2B K, 2R HIE R K i A 6 EE Ry
60 °C, I o S FEs B, #4334 400 ~500 r - min™" i
F£10 ~15 min fff HMX 73-80345) . SR )5 ] i 48
JNEL T 4 0 AR W BE Sl 5% 1 2 R & TR T W
100 mL,JH N2 5 mL - min™" JENESEE AL g
(A7 55 ARSI IR R, RE O 5% 21 UL 28 B i Y s, TR
% 80 CHKBR LR AR, LR OER¥E KR T 2 )5, MK
T B 1 AR R AT HIE , PR 55 ~60 CHYsKiR
HEAR T 5 h X TR 5 Y 3l B E AT 0 43, EER 10 ~
60 H BRI A6 77 o 25 19 3 AR R i R S
A @20 mm x 20 mm [ 2 M, % F N 1.801 ~
1.802 g - cm™ , T4 e 1 Al 0k i i 3,

F1 FARBMAAK HMX BRI L) PBX BLT7

Table 1 Formulations of PBX with different nano-/micrometer

HMX Particle gradations Y%
sample coarse HMX micrometer HMX nanometer HMX
JO-1 100 0 0
JO-2 60 35 5
JO-3 60 30 10
JO-4 60 25 15

2.3 LK

1 Bk A 4y AR 4 GIB 772A-1997 Ji ik
107 1B A BOE ", e il T & R &R ¥ i 4 15 AR
JBE , FEASE TP B 925 i HMOX, T B9 443 Bl 8

AR B8 GIB 772A-1997 Ji ik 601. 2
CREMEVE LT VEARTU R 5 kg, 25 (50+1) mg, ik
MR (20£2) °C, FHXS B BE (60+5) % 5 JB8 52 J8 B ) 3k
¥ GJB 772A-1997 J5 ik 602. 1 “ R IEME R 4
90°,% E 4 3.92 MPa, 21 (30+1) mg, iz I B
(20£2) °C, A XHEEE (60+5) %

A & Kk B AR 8 GIB 772A -1997 J5 ik
505. 1 2R A L7, >R TG/DSC [R]85 #4553 Br
ACIRAE S ) TGl & FAS [l THiR 3 32 1 DSC il ¢,
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S, P 30 mL - minT', AL O, 35, BURE B
1~1.5 mg, JFHkE# % 5,10,15,20 °C - min™',

K8 GJB 772A-1997 J5ik 416.1“ R 45 1L X 25
FERY T 8 A7 003, SR ] A9 & CTMB8050 B i AL
Bl T Re R R L, 25 R ~F o 020 mm x
20 mm, %K 1.801 ~1.802 g - cm™’,

ZA R 1 R R AR 4 GIB 772 A-1997 J5 14:702. 1
CHLMN T AR R A R 90% TMD 5 J-14 254 8184t
HARTE RARED , A R SF S 020 mmx20 mm %5 i ol
1.801 ~1.802 g-cm™,
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3.1 ERMMPYANSE

1 TR P 2 o U A R LR 2, R AT 5Tk B
B PBX HCJ7 5 HMX @ iR + A8 =94 15 1,/
32 AT A Rl ORGSR RE S O AL S S O A
AR B, U A s B Y AR RS
I B W AT R B DL o

2 EAHAL

Table 2 Component contents of the molding powers %
sample HMX Fae graphite
JO-1 94.02 4.99 0.99
]JO-2 93.98 5.01 1.01
JO-3 93.99 5.01 1.00
JO-4 94.01 4.97 1.02

3.2 ERMHIESE

B D A ) i A A il Ol B B R o el R T
LA L JO-1 B SR AR A B M 4 2K 2% e ) 79
Feah (JO-2,]0-3,J0-4) K i oL, WUk K ERIE
HJE JO-4 KE b3 2 PR LU 22 , A7 70 40 /N UKL , 3 2 X
AR A RE B L2 HTBUR, M 5 TR, 2 400Kk HMX &5
g I AR M Y A B RN 5 R BE 4 &) (L B
FEANOK HMX FRi , 3 5007 il 5 10 3 BBy 33 g PR AR 22

P 2 g AN [ 3 YOk R B9 SEM IR R i &) 2 T
B, A oK HMX ORI K HMX 9 38 Bk (JO-1) , it
KL W, AN, AT LU A S [R] /) B kL
HMX FERE S5 F/E T 3R R AE — R T2 B 1 R Uk i 7
By o T HEAT UKL I )5 B9 3 Bk (JO-2,)0-3,)0-4 ),
FIMDCHT , FEATE A AR R AE X I IH 8 T 5 1) 4%
240 B HMX SRR 21 1 ORLRE /) R RURE 22 (8], BT LA R R
Y Xk
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Fig.1 Optical microscope images of four molding powders

c. JO-3
B2 R A B AR
Fig.2 SEM images of four molding powders

d. JO-4
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AR B L, EL AR UKL BE A A% IE S 7R MR HMX 22 [1]
f14 2 Bt e ) 1 s R A B o S A 38 B Ah S A
IS 28 5 T8 AR R, BT LA LG B — LUK HMX B o]
I RO SRR A B IC 5 R gk HMX 5 T
oy, T M 4 i ol R R AR 5 IR R B M R AR, T JO-3
FEfn (oK HMX 5382 10% ) Ho JO-1 By i ol Ja B2
K 38.3% ,BEHEIREE AL 22.7% o MYk HMX & &
SR 15 % I ] A B0 R by A FRE o e R R R 4R UK
FEFALE JO-3 At AT BIr Tk o 3 PR Ry 44 K b1 9 L
FABUR M Ty LB, 4 A oK 55 A 3o s I T o 5 1) 2
TN ¥ S A 25, HAL B SE B AR 22, S U T o

W3R Al A O RO R R SR

Table 3  Impact sensitivities and friction sensitivities of four
samples

sample Hso/cm P/%

JO-1 18.0 88

]JO-2 23.2 76

JO-3 24.9 68

]JO-4 22.8 72

Note: Hy is characteristic drop height. P is percentage of explosion probability.

3.4 HBEBHOASEENE

W% TG/DSC [F] 26 #443 A1 A3 45 S, T i 3 o
20 °C - min"'f TG < i 3 Fron, A 6] T i i %
i) DSC & ani&l 4 s
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Fig.4 DSC curves of four samples at different heating rates
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FIF 5 K0 5 A R IR 200 #0440 g 1 7R, R
H Kissinger 2320 (1) 1154 F8 i A9 22 W36 £k 6 38 1y
W gL 6,

B _1n AR £,
ln((Tp+273.15)2) In ()

E, R(T, +273.15)
Ap E MG ARAE,) - mol™; A MR F; T,
RS gL, °C s B N TR R, °C - minT 5 R B
A% %,8.314 ) - K - mol™,

A2 20 (2) SR it T il i R 8 T 2 i A A 0
i, KRR B T, MR, R L2 PR
T =T,+bB,+B; +d3; (i=1,2,3,4) (2)
AP, T T A B, I URE i Wi, °C 5 T T ik
R T & R R R °C s B O IR T iR R
C - min'; boc.d FHEHL RBH T, %6,

A% GIB 772A-1997 J5 3 505. 1, FI 243K (3)
HRKEZRY A A G BE (A AT KR SRR ) o

E, -JE. —4E,R(T, +273.15)
T, = R -273.15 (3)
A, T AR JGRIE,°Co SR A A KGRI I 6,

R4 FEALTET R T A RS B AL TR
Table 4 Initial melting temperatures of four samples at differ-

ent heating rates

T,/°C
sample — — —; —
5°C +min~" 10 °C +min™" 15 °C + min™" 20 °C - min~
JO-1 277.88 280.06 281.37 282.11
JO-2 277.71 279.89 281.23 282.41
JO-3 276.24 279.21 281.22 283.05
JO-4 276.34 279.05 280.97 282.34

5 FEMAEA R THE R T 0 A5 1R
Table 5

samples at different heating rates

Thermal decomposition peak temperatures of four

Z I RO RE Y A KGR A BT R i

®6 MBI AT 22

Table 6 Kinetic and thermodynamic parameters of four
samples
sample E,/K - mol™ A T, /°C T,/°C
JO-1 370.5 5.01x10%* 276.27 283.21
]JO-2 350.5 6.31x10%2 279.42 286.85
JO-3 348.7 4.96x10% 280.87 288.38
JO-4 351.2 8.97x10% 278.31 285.70

Note: T, is thermal decomposition peak temperature when the heating rate

tends to 0 °C - min~"; T, is self-ignition temperature.

3.5 ZHHMHIELRE

IR PR RIS R LK 7

HI3E 7 I, 5 JO-1 B S AR G, A 40 K FROK
HMX [ JO-2 ,JO-3 JO-4 H: ot e Rg 15 3 T 42
B PR RE B i 2 )O3, 5 )01 M T
46% . PR BURL HMX R AR B K, il 45 i st 780
Fe il B2 AE 2Z 05, HMX UKL 22 (0] ] B LG 48K, F 5% 3%
B b 2 B4 5 B0 S vk RE R IR T LR R
HMX S A e B 22, i fR Bk B A 23 52 e KE 245 1 7 24 1
RO T LA LR HMX 145 110 3 8083 1R 71 1 24
HEPUEPERE L3825 0 IMA AR 5Ok HMX 25,
ok GOk HMX 23 35 5 31 KW0RL 22 8] 1 25 B, 24 A
23 TP 5 52, ORL 22 ] F) 23 B R R /b, AT HL 49 Kb
BHE B 0 R TR BE 4R HMX 5085 45 55 22 1)
PR 3, BT AIABICR 402K HMX RS 22 )i 1) 24
PUEPERE R K .

®7  HHEMBUEERE

Table 7 Compression properties of the explosive cylinders

T,/C sample p/g-cm™ compressive load/N  d/mm  §/MPa
sample 5°C -min~" 10 °C - min™" 15 °C » min™" 20 °C + min™' JO-1 1.801 2781.7 20.02 8.84
JO-1 282.37 286.91 290.01 291.79 ]O-2 1.801 3967.0 20.02 12.61
JO-2 282.32 286.75 290.65 291.96 JO-3 1.802 4061.6 20.02  12.91
JO-3 281.67 285.52 289.66 291.33 JO-4 1.802 4035.4 20.02 12.82
JO-4 281.28 285.32 289.05 291.09

HIZE 6 R, 5 JO-T A & A LE , I A 40K F fRlok
HMX 47 % B Z J5 19 10-2 JO-3 JO-4 # iy, & Mk
PERE S BTN 7204 BT FEA, A & KRR Bt i, %
EVERF IR R AR OB B Y2 JO-3, 1 JO-1
B3 5.17 °Co X2 YR FIROR HMX SR sl 20
R M FERABURE HMX G-, T LTI 4 oK FROK HMX
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R

Note: d is explosive cylinder diameter; S is compression strength.

K5 g 25 AL a9 SEM IR R 181 5 AT, ATAL
WURL HMX il 4 19 25 4 (JO-1) By 8w AF LR , A7
B AVFZ /MR A E S, X2 SR
JIFPERE N B 3R 7 ATRLA L JO-1 B BT R 1 Ak B
P2o MANAGK R CK HMX L 2 5, 24 F 8% 1 1R
VR IEARAEAESERT A B T R 25 AE Y ) SRR RE,
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Bl BRI R AN A A g8 K = 2 1) )O-3
1 JO-4 B dh R WOE T, X 2 R o 98 K kLR AE ° 41, aT
[R3se S QANEE W T )| Bk O/ WA Y AR

b. JO-2

c. JO-3
B 5 2 A i 4 A ENR

Fig.5 SEM images of the explosive cylinder cross sections

d. JO-4

3.6 ZHHERE
FE A, — LLURE T 6 PR B, I 5 AR R
o b P (R, G B 25 A AR (D) 25 R L3R 8

RBHA MR

Table 8 Detonation velocities of four samples

sample D /m:.s sample D /m-s
JO-1 8339 JO-3 8394
JO-2 8370 JO-4 8392

H12E 8 FHI, £ % B SR H [ A 00 T, A 98K
HHROK HMX 2 it 2 J5 7 245 4% (JO-2,)0-3,)0-4) # &
FO B —HUBURL HMX il 8 B9 254 (JO-1) w5, 4k i d5e Y
2 )O-3 KRR A JO-1 BER RS T 55 m - s7' BF5E
KRB, bR R 2 5 R KE 2 0 R AR, ROk
HMX 0B A KLU, o MR [ 22, TOR HMX R 5520
T2 K HMXC iy P e o D) B /0 i EL DR A 99 K61 R A
AR BT ZBOE /N RS R0, 45 9 ok HMX H AT 1 55
7 R B, B RO A R T T LK 4 K
K HMX BT PBX rfn] DLAR g KF 25 iy i, JO-4 #
Al 2K HMX &5 B R E AR A0 1L JO-3 AR IR, 2R o 44
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R /N RFBAORE, Jir U AT BT Fe A1
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Effects of Nano /Micrometer HMX Particle Gradation on PBX Properties

JIN Cheng-su', XIAO Lei', WANG Qing-hua’, LIU Jie', HAO Ga-zi', RONG Yuan-bo', JIANG Wei', LIU Qico-e’,

XU Zi-shuai’

(1. National Special Superfine Powder Engineering Research Center, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Military
Representative Office of the 763 Factory of PLA, Taiyuan 030000, China; 3. Gansu Yinguang Chemical Indusiry Group Co Lid, Baiyin 730900, China)

Abstract: To improve the comprehensive performance of polymer bonded explosives (PBXs), low sensitivity nano-HMX and
micrometer HMX were applied to PBX by particle gradation. Four molding powders were prepared by solution-water slurry method
and pressed into explosive cylinders. The surface microstructures of JO-1,)JO-2,)JO-3 and JO-4 sampls ( coarse/micrometer/nano-
HMX mass ratios with 100/0/0, 60/35/5, 60/30/10 and 60/25/15, respectively) were observed and the component contents,
impact sensitivities, friction sensitivities, thermal decomposition characteristics, compression properties and detonation velocities
were measured. Results show that JO-3 sample has the best properties. Compared to the JO-1 sample with single coarse HMX( d,,
=100 pm), JO-3 sample has the smoother surface, and the impact sensitivity is reduced by 38.3%, the friction sensitivity is
reduced by 22.7% , the self-ignition temperature is increased by 5.17 °C, the compression strength is enhanced by 46% , and the

-1

detonation velocity is increased by 55 m - s7 . The HMX based PBX comprehensive performance is improved significantly.

Key words: polymer bonded explosive (PBX) ; nano/micrometer HMX; gradation; sensitivity; compression strength; detonation
velocity
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