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Table 1

induced & — vy polymorphic transformation

explosives

The characteristic parameters of HNIW under heat-

in composite

composition

heat-induced polymorphic transformation

characteristic parameters of e-HNIW

T,/ C T/ °C T/ C 7n(180 °C) / %
e-HNIW 135 164.2 >180 93.1
HNIW/DOA 120 127.0 135 100
HNIW/PL-E 120 126.8 160 100
HNIW/GAP-E 120 135.9 145 100
HNIW/GAP 130 146.0 155 100
HNIW/CAD 130 141.5 155 100
HNIW/Estane 130 1451 155 100
HNIW/PL-A 140 152.8 165 100
HNIW/TPB 140 153.0 165 100
HNIW/Paraffin 140 153.2 170 100
HNIW/Ozocerite 140 157.2 170 100
HNIW/EVA 140 152.1 165 100
HNIW/PIB 145 165.5 180 100
HNIW/FR 140 175.1 >180 90.1
HNIW/SBR 145 174.8 > 180 76.8
HNIW/PBR 150 168.4 >180 79.2
HNIW/IPDI 155 169.0 >180 63.3
HNIW/NR 160 178.3 > 180 62.3

Notes: 1) The content of additive in the HNIW based composite explosives
is 10%. 2) T, is the preliminary polymorphic transformation tem-
perature. T, is the 50% conversion temperature. T, is the com-
plete conversion temperature. 7 (180 °C) is the conversion percent
of y form at 180 °C. 3) DOA is dioctyl adipate. PL-E is mixture
with the main functional group —ONO, and —NNO,. GAP-E is
modified glycidylazide polymer. GAP is glycidylazide polymer,
CAD is n-capric acid n-decylester. PL-A is alkane mixture. TPB is tri-
phenylbismuthine. EVA is ethylene vinylacetate. FR is fluororubber.
PIB is polyisobutylene. SBR is styrene butadiene rubber. PBR is 1,2-

polybutadiene, IPDI isophorone diisocyanate. NR is natural rubber.

e 525 HE 25 Th HINIW B 34 A8 5 G 2 00 o —
A5 B &-HNIW X EE AR 3 240 i 2208 B i 2 L 24 4R 22
50% i B S A il 28 TR R A A ALK HNIW S 52 45 24
PSR BN . A2 S AR R R AR
L L A, L A 5 5O 0, PR AR R R A
RS2 PR L A R AR R 5 O MR R IR R R
S e T 2 5 [ O A A A

WA L3R 5 28, o KA [ R R A G K 2
HINIW Y A 722 5 Bl i B2 A 728 4015 DL VR 18T 4 2R an e 5
Prase MEE S AT LLE 5 — 28 5 dh AR R R B U
Sttt

www.energetic-materials.org.cn



A5 700X HNIW A5 S i 2 708 B 2 g 901 % A L A6

649

S —2 50 ) HNIW @R A7 E, 25 HE25 b HNIW B
AR P AR LB TR T, O FLZE N E] 180 CZ ik
ELTeA Ry A A E R 3¢5 (DOA) .
fif 2 g He Ak & 90 (PL-E) RS A 4K H il (GAP) (2L
PEBE R EE R T M (GAP-E) (ZE MR 5 ik (CAD) R &
fi (Estane) o MEEL AR IR E Too ok B 55 — U A48

W E A KEZGEART 146 °Cift il 35 5] 50% Y #1428
R AR e-HNIW SRR 18 CLL L, B B ZJE 3
FU AT DA AR HNIW A G AR | 7 e 7 8 1 i 5 22
FRO DG o B T R AR H IR T Oy B ACRE, KA1
Tl 357 DA AR A, A0 205 4 0322 28 R o 50 T R X HNTW
AR R NS 5 ARG AR

100 T oo T T T T T T 100_-.‘—:—HNIW T T — 100F —.‘-erHN\W T T T T
< ecHNIWDOA o~ HNIW/EVA o e~ HNIW/PIB
27 80 [a-HNIWPLE 2 80f -a-HNIWTPB 3~ 80 —a-HNIWPBR
k= =y-HNIW/GAR £ = —v— HNIW/PLA 2 —v-HNIWIFR
L5 | o= HNIWIGAD = |~ HNIW/Paraffin 8 gl #-ruwrep
= —¢-HNIW/Estane L 601"~ inmwiozoceie s € HNIWISBR
38 > HNIWIGAP 5 3 > HNIWNR
Z 40r > 40t = 40t
= = =
:l': 20t % 201 = 20+
- L Lo
0] v i o] o] ;i i \ ; L] OF . ; A . . L
110 120 130 140 150 160 170 180 130 140, 150 1690 170 180 130 140 150 160 170 180
temperature / °C

temperature / °C
a. composition of promote

polymorphic transformation

b. composition of intermediate

polymorphic transformation

temperature / °C
c. composition of suppress

polymorphic transformation

B5 EEIEAH e-HNIW AL G AR Iy fi 20 55 dak Bl g 2 1 72 A 17 20

i
Fig.5 Increasing fraction of the y form of HNIW as a function of temperature in the e-HNIW based composite explosives
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Influence and Action Mechanism of Additives on Heat-induced Polymorphic Transformation of HNIW

XU Jin-jiang, LIU Yu, ZHANG Hao-bin, SUN Jie
(nstitute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: Aiming at the problem of leading to explosive structure damage, performance reduction and safety descending due to
the polymorphic transformation of hexanitrohexaazaisowurtzitane (HNIW) was easily occurred in complex environment, the ef-
fects of additives on the heat-induced polymorphic transformation (PT) behavior of e-HNIW in composite explosives were stud -
ied by the in-situ X-ray powder diffraction (in-situ XRD) technology. The change rule of heat-induced PT rate of HNIW in com -
posite explosives with temperature were calculated and obtained by means of in-situ XRD non-standard quantitative phase analy-
sis. The heat-induced PT characteristic parameters and PT rules of HNIW in composite explosives were analyzed and obtained. It
was proposed to divide the additive into three species, including promote PT system, intermediate PT system and suppress PT
system. Results show that the additives used in promote PT system have the tittle dissolution on HNIW , the interface micro-disso-
lution layers were formed on the HNIW crystal surfaces, which makes the heat-induced PT route change from solid-solid PT to
solid-solution-solid PT and reduces the PT activity barrier energy, thus the heat-induced PT of e—>y is obviously promoted. The
additives used in the suppress and intermediate PT system have strong coating effect on the HNIW crystals. The preliminary heat-
induced PT temperature is improved through altering the thermal transfer mode and surface heat insulation, and the inhibition ef-
fect on the heat-induced PT of HNIW is realized to a certain extent.

Key words: hexanitrohexaazaisowurtzitane (HNIW, CL-20) ;additives;in-situ X-ray powder diffraction (in-situ XRD) ; heat-in-
duced polymorphic transformation;induced mechanism
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