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e F X BB R AT B (Rigaku Ultima IV, Jb 52 5% 4 1)
SRR IR\ X E A ET S PBX 3 AL #E 4T XRD il
Ko SEM IR A5 A4 Ay < D3 i ) 3 R0y 2047 5% 4 Ak 38,
HUE R 3.5 kVo ZLAMINRARAE IR AL B R R, G
[l 4000~400 cm™, X I & 20~25 °C. XRD i %
P MK L R 40 kY, LT 44 mA, 45 3 10~
700, FHH K 0.2 °-s7 MR IR JE 20~25 °C,

(4)DSCilliR ., >R 22 AL (DSC 200 F3,
] T 3t 2 ) ) 00 3K AR T S PBX i YA Y B i
B MAS AW R BEEVE I :35~350 °C, i 7k i 5t
7(0.7+0.02) mg, MR NS5, W 70 mL-min™',
BE &R TS HLA /N FL IS ALO, 3%, 2 He 3 3 fd
2= P JH IR R 4 0.5.1.0.1.5 °C -min™' I
2.0 C-min™", A THE R T EZ WL 3K

(5) I3 MRt . ¥ B8 G)B772A-97 71k 416.1
JE 45 2%, R AL 7 B8 15 /L (CMT4502, MTS Sys-
tems (H[E 1) A7 BR 28 W) Xt AL AT IS PBX 24 4E k1T
PO SR G . M5 K ARy — 2 AT B R
W o 78 20 CCHAFT |, ) 28 F i fin b 1] & 408 4845, o
N 0.5 mm-min', B E 25 FE Rl ik 3] 46 HL
14 B PR 2 77 (4.5 kND o 0 38 5 (8,) T LA i A 20 8,
=4P/mwd’ 5, b S N R HUE SR, Pas d 25 HE EL
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3 #ZR5HiE

3 RYEREZLK

TEHE 25 1 2 A g6 b, o7 1 460 2 3 AR A A )
ESEA RN EE S &, — B E S KB 1%,
R Sy K 24 2k A 4 . R [ & Ak B TR HNITW/
FOX-7 & 5 RE A 55 017k PBX 25 4 i R~ 5 o A8 AL 1
B,

F1 BB ARG PBX 2 LM R 5 i 725 fk
Table 1
fore and after aging

Variations of size and mass of the PBX columns be-

aging time/d  (Ad/d) /% (Ah/h) [ % (AVIV) [ % (Am/m) /%

7 0.050 -0.291 -0.192 -0.114
14 0.058 -0.397 -0.281 -0.129
21 0.050 -0.339 -0.240 -0.142
28 0.091 -0.259 -0.077 -0.153

Note: d, h, Vand m are the diameter, height, volume and mass of PBX col-
umns, respectively. Ad, Ah, AV and Am are variations of diameter,
height, volume and mass of PBX columns before and after aging, re-

spectively.
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Fig.1 Surface morphology of PBX molding powder before and after aging
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Fig.2 FTIR of PBX molding powder before and after aging
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Fig.4 DSC curves of PBX molding powder before and after
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M5 B0 PBX #4J5 fiff BILE A0 AR S 10 2l g 2 i ek s 5 &
SlIEINHEZA . R ORIE PBX [ 48 4 A7 FIE & i H
XFEAk 28 d 1Y PBX i BURy #EAT T A0 i 2h 1 2 E 5 o
R T ARAT AT i BN I B 0 2 2 0 A e (E) Rl
eI T (A), 23R H T Kissinger 7 fll Ozawa''* J5
2,43 gy B (1) R (2) fir ik .

AR E,
In B = In[—| - (1)
T? E. RT,
lgB = | AL, 2.315 - 0.4567 £, (2)
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25 T BRI PB X BRI 3 T
S TR W WA T TR 3 D) 2 S R A 2%
AR RS RATEE . — BB, E R T3 510 2
NEE Y E BB, RIBAMA R My, R 2K,
LA TE PBX 1 ALK A P i 05 A BE X H BN [m] i
JE R REARG , 3 2 PRON A B2 /N Fas I i 35 K 3T
BT PBX WA E M AR TG L REFRAR . £27.14.21d
128 d 2L  HNIW/FOX-7 5L PBX 1 &Ky 1 AL BE 43 )
AR —5.23%.-5.88%.-7.00%.—8.23%, LA 20% 1E N
BE AL FRE(G)B772A-97 502.1) , ZAL APl J5
1 HNIW/FOX-7 & PBX 11 #4532 1 35 R k2B 35 1

A

F2 BALRTETE PBX & BUH (R 5 1 2 S8
Table 2 Thermal decomposition kinetic parameters of the

PBX molding powder before and after aging

aging Kissinger Ozawa

time/d E/K)-mol™ A/s”! R? E./k)-mol™ R?

untreated 204.532 5.27x10'® 0.9955 202.343 0.9958
7 193.832 2.44x10"7  0.9999 192.185 0.9999

14 192.511 1.79%10"7  0.9976  190.929 0.9978

21 190.216 1.03xX10"7  0.9996 188.744 0.9996

28 187.705 3.73x10"7  0.9984 187.032 0.9985

Note: E,, A and R are the activation energy, pre-exponential factor and gas

constant, respectively.

3.5 N

IACE AR 0 R, AL BER ME 25 %6 25 A BRI
PRKE BTy ) I SR B By 1y g 2E PR . R,
TR 25 K AT R B R B o B A L AR A R
AREER, LLBA R 25 A AE DL 1 2k e 3 i 4 4 FH ot
T R AT A 1 3 M

X AL BT JE 1 HNIW 3L PBX 25 4 19 Bt & 58 7%
(o) PR G CE) SEATI0 5, M348 21 0L 38 3, JR 46
N - A il DL 5 .

R3 71 CEAKIOHTT PBX 25 HE 4T 550 2 A0 VE A
Table 3
PBX columns before and after 71 °C aging

The compressive strength and elastic modulus of

aging time/d o./ MPa E/ GPa
untreated 8.07 2.30

7 11.25 2.95
14 11.47 3.09
21 11.74 3.21
28 11.86 3.26

Note: o_and E are the compressive strength and elastic modulus of PBX col-

umns, respectively.
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Fig.5 The compressive stress-strain curves of PBX columns

before and after aging
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Aging Studies on HNIW/FOX-7-Based PBX with High Energy and Low Vulnerability

LI Jing', JIN Shao-hua', LAN Guan-chao’, CHAO Hui’, LU Zhi-yan’, CHEN Shu-sen’, LI Li-jie'
(1. School of Materials Science and Engineering ; Beijing Institute of Technology , Beijing 100081, China; 2. School of Chemical Engineering and Technology
North University of China , Taiyuan, 030051, China; 3. Research Institute of Gansu Yin Guang Chemical Industry Group Co. Lid, Baiyin 730900, China)

Abstract: The HNIW/FOX-7-based PBX has been aged 7, 14, 21 d and 28 d at 71 °C according to GJB736.8-90 initiators and
pyrotechnics test method, respectively. And the morphology and thermal decomposition properties of PBX molding powder be-
fore and after aging were characterized. The PBX molding powder was tested by FTIR and XRD. The variations of size, mass and
mechanical properties of the PBX columns have been measured before and after aging tests. Results show that the mass and size
change rate are both within 1%, which meets the evaluation standard of MIL-STD-1751, indicating that PBX columns are still at
an acceptable level after aging tests. The surface morphology of PBX molding powders has changed in varying degrees. There are
more surface cracks and the surface morphology are more uneven with the increase of aging time. Moreover, FTIR and XRD re-
sults indicate that the molecular structure and crystal form of HNIW/FOX-based PBX have not changed after aging tests. Besides,
the analyses of thermal decomposition performance show that the thermal decomposition activation energy of PBX molding pow -
ders have decreased after aging tests with the decreases of =5.23%, —5.88%, =7.00% and —8.23%, respectively, which demon-
strates that PBX still has good thermal stability after aging tests. The results of mechanical properties show that the compressive
strength of HNIW/FOX-7-based PBX increases by 3.18, 3.40, 3.67 MPa and 3.79 MPa, respectively, and the modulus increases
by 0.65, 0.79, 0.91 GPa and 0.96 GPa respectively after aging for 7, 14, 21 d and 28 d. Therefore, the change rate of compres-
sive strength and elastic modulus of PBX columns are positively correlated with the aging time, indicating that the compressive
strength of PBX columns increases after aging test.

Key words: HNIW/FOX-7-based PBX;aging;thermal stability; mechanical properties
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