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Compatibility between SEBS and Commonly Used Single-Compound Explosives

YANG Weilu, SONG Xiuduo, CHEN Xu, FU Kang, YUAN Zhifeng, PEI Jiangfeng
Xi’an Modern Chemistry Research Institute ( Shaanxi Xi’an, 710065 )

[ABSTRACT] The compatibility between thermoplastic elastomer hydrogenated styrene-butadiene-styrene block copoly-
mers (SEBS) and single-compound explosives hexogen (RDX) , octogen (HMX) and hexanitrohexaazaisowurtzitane ( CL-
20) commonly used in solid propellants was studied by using theoretical trigger bond length trends in molecular dynamics
(MD) simulation and decomposition temperature changes in differential scanning calorimetry ( DSC) measurements. The
results of MD simulation show that the maximum trigger bond length of RDX, HMX and CL-20 in explosive/SEBS blend
systems increases with temperature. Compared to the single-component explosive systems, the maximum trigger bond length
changes little after blending with SEBS. It is speculated that RDX, HMX, and CL-20 all have good stability after blending
with SEBS and is less prone to cause trigger bond fracture. In DSC results, after blending with SEBS, the thermal decom-
position temperature changes of RDX, HMX and CL-20 are less than 3 °C, indicating that the compatibility of SEBS with
RDX, HMX and CL-20 is good. Furthermore, a system of 1, 3-dimethyl-1, 3-diphenylurea ( C,) and 3, 4-dinitrofurazan-
furoxan (DNTF) with poor compatibility was chosen as the control system for MD simulation and DSC analysis. The maxi-
mum trigger bond length significantly increases, and the decomposition temperature in DSC decreases by more than 70 °C ,
which verifies the feasibility of predicting the compatibility by using trigger bond length.
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Bond length parameters of N—NO, bonds in
RDX model and SEBS/RDX model
RDX SEBS/RDX

Tab. 1

AL,/ AL,./

7K L./A L, /A L./A L, /A A A
453 1.409 1.573 1.410 1.571 0.001 -0.002
473 1.409 1.570 1.410 1.573 0.001  0.003
493 1.409 1.575 1.410 1.578 0.001  0.003
513 1.409 1.581 1.410 1.580 0.001 -0.001
533 1.410 1.583 1.410 1.581 0.000 -0.002
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453  1.410 1.572 1.411 1.572 0.001  0.000
473 1.411 1.573 1.411 1.574 0.000 0.001
493  1.411 1.580 1.412 1.577 0.001 -0.003
513 1.411 1.581 1.412 1.576 0.001 -0.005
533 1.411 1.588 1.412 1.586 0.001 -0.002

H1,AL, fE 0.001 A LI, AL, 7£ 0. 005 A LI,
AL, FEAEIE B0 2 Fivig 0, H 0 A5 Ak R B oA 2ot
PR REE L S13 KRR xS He (1 8) il
ATLLE I AR T AR R T HMX 151 &
R JLF—3, BT SEBS RUAETEXT HMX Hi5]
RARI P HEA SR A5, SEBS 5 HMX
AL AH 2 PE AR 4, SEBS W] LA 22 4> # v F AE &

HMX [

SEBS/HMX

JLE

1.2 13 1.4 1.5 1.6
PEBS/A
8 513 K F HMX #l SEBS/HMX #i%!IH N—NO,
B B BRI A
Fig.8 Length distributions of N—NO, bonds in HMX and
SEBS/HMX models at 513 K

2.1.3 SEBS 5 CL-20 A&

Wi MD Jrik S8 TANEIRE R CL20 Hidl 5y
R LI SEBS/CL-20 FLIR AR FR 19 N—NO, Y 5
KK MWK 9 iR, #—281F T N—NO,
B L, L. MIRGERRGHRHAMERMN AL, |
AL, , W33,

MIE 9 Ha] LB 1, 5 SEBS #l RDX  SEBS Al
HMX A5 AR AR R S0, 70 40 fife 1R 32 B, Bt G Tt
JETHE , CL-20 B /0K R I SEBS/CL-20 iR K R
o N—NO, S 434 ) 2 30 1] B B8 5
Ry fashe, X 3 o N—NO, #aYy L, 1L, IR
R kg b L 3 T i



2024 48 H

SEBS 5% B EL MAHSYEMSE 1588, 55 - 33.

513K

e
=| 493K
K -
453K ‘
1.2 1.3 1.4 1.5 1.6
BEBI/A
(a)CL-20

e -

%
=| 493K
473K 7
453K ‘
1.2 1.3 1.4 1.5 1.6
FEBI/A
(b)SEBS/CL-20

K9 A[RFIIEEF CL-20 Fl SEBS/CL-20 A
N—NO, FAYE 7
Fig.9  Length distributions of N—NO, bonds in CL-20 and
SEBS/CL-20 models at different temperatures

%3 CL-20 #= SEBS/CL-20 # & ¥ N—NO, 4£4%
RS
Tab.3 Bond length parameters of N—NO, bonds
in CL-20 model and SEBS/CL-20 model

K CL-20 SEBS/CL-20 AL:W/ AL,:M/
L./A L, /A L./A L /A A A
453 1.405 1.567 1.407 1.566 0.002 -0.001
473 1.406 1.572 1.407 1.574 0.001  0.002
493 1.406 1.576 1.406 1.573 0.000 -0.003
513 1.406 1.579 1.406 1.577 0.000 —-0.002
533 1.406 1.577 1.407 1.578 0.001  0.001
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% 4 DNTF #= C,/DNTF #& ¥ C—NO, 449
R SR
Tab.4 Bond length parameters of C—NO, bonds
in DNTF model and C,/DNTF model

K DNTF C,/DNTF AL,/ AL/
L./A L, /A L./A L ./A A A
453 1.421 1.547 1.442 1.589 0.021 0.042
473 1.421 1.547 1.442 1.592 0.021 0.045
493 1.422 1.551 1.442 1.595 0.020 0.044
513 1.422 1.556  1.443 1.598 0.021  0.042
533 1.422 1.561 1.443 1.602 0.021 0.041
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Fig. 12 Length distribution of C—NO, bonds in DNTF
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Fig. 13 DSC thermal decomposition curves of

SEBS/explosive systems
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