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Fig.1 The chemical structure of perdeuterated polyurethane
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The component design and neutron scattering length density(SLD) of HMX-based PBX

mass fraction/%

average scattering length the difference of SLD be-

tem perdeuterated polyurethane normal polyurethane  HMX crystal density of binder / cm™? tween HMX and binder / cm™
HP1 0% 5% 95% 1.26x10" -3.32x10"

HP2 1.25% 3.75% 95% 2.57x10'° -2.01x10"

HP3 2.5% 2.5% 95% 3.88%x10'° -0.7x10'°

HP4 3.75% 1.25% 95% 5.19%x10'° 0.61x10'"°

HP5 5% 0% 95% 6.50x10'° 1.92x10'"

Note: The difference of SLD means the difference of neutron scattering length density between HMX (4.58x10'° cm™)and binder.
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Table 2 The average thickness and density of cool-pressed
HMX-based PBX tablets

applied thickness ~ mass density ratio of

pressure / MPa / mm /g /g-cm™  compaction / %
64 2.31 0.281 1.55 83.6

178 2.06 0.278 1.72 92.7

382 2.01 0.282 1.79 96.5

Note: Ratio of compaction is the ratio of the pressed density to the theoreti-
cal maximum density (TMD). The TMD is 1.855 g-cm™, and com-
posed of 95% mass fraction HMX (1.89 g-cm™) and 5% mass frac-
tion polyurethane binder (1.19 g-cm™).

3.2 REIE A3 PBX 51 B 0

Kl 2 2 HP1 (5% AR AR SR & i ) 1 HP5 (5% 4201k
OB AR ) i BB 70 ) 1E 64,178 MPa il 382 MPa %
JE RS S T A5 A S DR O R o AL 2a ~ [B] 2f
BIAS AL TT LA B 2 S g A 36 K, PBX & 1Al e
i B A B % 52 (5 B DX A 2 A %) DX I A R

N XK 2019 % %27 % %104 (853-860)



856 Pl & H BN EDE &, D0 Sl s, R R, 84, e, X

S FNFLAR |, H 21 5 B B H 0 7 AR AE AL ) L iX 5 R
TR B v iy B ARk A — 2, Hirb, 64 MPa Jk
J1F AL PBX RE b 2R A AT DL A B K A JLEOK
PLE g FLIR (& 2a #1E 2d) , 178 MPa & 1 ALY
FE R A D & JLOR ROEE RS FLIR 1 382 MPa & 75
R EY A i R T L AR RUBE B AL I g e A,
AR 1 64 MPa i & 382 MPa iy i 2t , I oK
WLZE B HMX kL A& A= 5 28 19 i 6%, T 382 MPa Jifi Y
B9 PBX H BT A HMX (1 25 5 aF (6 18 b
DX 3) 35 A BT A T i PBXORG 25 791 i A
HA, B0 08 25 21 7 3 — B

Sy 00um

a. HP1-64 MPa

e —
d. HP5-64 MPa e. HP5-178 MPa f. HP5-382 MPa
B2 A[EEBE HMX 3 PBX 7E 64,178 MPa 1 382 MPa % &
IR B O O S B IR e (L (8 N AR LR T PN A A
)

Fig. 2 The polarization microscopic photographs of
HMX-based PBX with different formulation ratios after
cool-pressing at 64, 178 MPa and 382 MPa (Voids are
showed in the red circle and twin crystal region is showed in

the blue circle)
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Fig.4 The SANS strength curves and corresponding local enlarged images of HMX-based PBX with different formulation ratios

after cold-pressing at 64, 178 MPa and 382 MPa
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Table 3 The various types of interfacial surface area of cold-pressed PBX tablets and interfacial binding rate of HMX with binder

applied pressure Sus Sy Sev Seotal interfacial binding rate of HMX

/ MPa /cm?-g™! /cm?-g™! /cm?-g™! /cm?.g™! with binder( S5/ (S,5+Si) / %)
64 663.7+19.9 2133.9+64.0 739.2£22.2 3536.8+106.1 23.7

178 764.9x22.9 2096.3+62.9 458.3+13.7 3319.5+99.6 26.7

382 1140.2+34.2 1556.1£46.7 249.8+7.5 2946.1+88.4 42.3

Note: The interfacial binding rate of HMX with binder is calculated from the interfacial surface area determined from SANS (S,,/ (5., +S,,) )

s =%

3500 [ - Sy = Si
3000 }\*\i
2500 ¢
2000 ¢ ‘—'\
1500
1000

500 | "‘{
0 50 100 150 200 250 300 350 400
forming pressure / MPa

interfacial surface area / cm?-g"

a. the total interfacial surface area

1800

1600 | e

1400 | ;\1_//;

1200}

1000}
800 |
600 |

400
200

=S —A—SigtSey

interfacial surface area / cm?-g”

50 100 150 200 250 300 350 400
forming pressure / MPa

c. interfacial surface area related with binder

:@ 3500 =S 4SSy
5 3000 S

S 2500}

o

3 I

gamp T
3 1500}

.©

[}

& 1000} .—,/*/
Q2

E 500

50 100 150 200 250 300 350 400
forming pressure / MPa
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d. interfacial surface area related with voids
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Fig.5 The change of interfacial surface area between explosive crystal, binder and void in the cool-pressed PBX with the form-

ing pressure (S,

oul 1S the total interfacial surface area, S,;+S,, is the interfacial surface area of HMX crystal particles, S,;+S;, is the

interfacial surface area of binder, S,,+S,, is the interfacial surface area of voids)
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SANS Investigation on the Effect of Cold-pressed Forming Pressure on the Microstructure of HMX-based PBX

BAI Liang-fei', TIAN Qiang', TU Xiao-qging', YAN Guan-yun', SUN Guang-ai', GONG Jian', HE Guan-song’,

CHEN Liang', HUANG Shi-liang’, LI Xin-xi', LIU Yu?

(1. Key Laboratory of Neutron Physics and Institute of Nuclear Physics and Chemistry , CAEP, Mianyang 621999, China; 2. Institute of Chemical Materials ,
CAEP, Mianyang 621999, China)

Abstract: To explore the influence of cold-pressed forming pressure on the microstructure of polymer bonded explosive (PBX),
the small angle neutron scattering (SANS) signals of different pressure-formed octogen (HMX)-based PBX were measured by
contrast variation SANS technique. The evolution of interfacial surface area between explosive crystal, binder and void in sample
with the forming pressure was obtained by Porod’s theorem. Results show that when the forming pressure increases from 64MPa

to 178 MPa, the density of sample increases from 1.55g-cm™ to 1.72 g-cm™

, and the interfacial binding rate between HMX
and binder increases from 23.7% to 26.7%, and the total internal interfacial surface area per unit mass PBX, S, decreases by
6.1% (the error of experiment is 3%) , and the interfacial surface area between HMX and binder (S,;) increases by 15.2%, and
the interfacial surface area between HMX and void (S,,) basically remains unchanged, while the interfacial surface area be-
tween binder and void (S,,) decreases by 38.0%, indicating that the modeling powder and binder are gradually compacted dur-
ing the process. When the forming pressure increases from 178 MPa to 382 MPa, the density of sample increases to 1.79 g-cm™,

and the interfacial binding rate between HMX and binder increases to 42.3%, and S, decreases by 11.2%, and S, increases by

otal
49.0%, and S, decreases by 25.8%, and S;, decreases by 45.5%, indicating that in this process, except the compaction of
modeling powder and binder, a great amount of binder flows to the surface of HMX crystal. In addition, when the forming pres-
sure increases from 64 MPa to 382 MPa, the sum of S, and S, (i.e. total internal interfacial surface area per unit mass PBX sam-
ple) remains basically unchanged, indicating that the cold-pressed process does not lead to a large number of transcrystalline
breakage of HMX crystal, which is consistent with the optical microscopic results.

Key words: plastic bonded explosive (PBX) ; pressure; small angle neutron scattering (SANS) ; multiphase interface; interfacial
binding rate; contrast variation;damage
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