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Abstract: Energetic thermoplastic elastomers, with the characteristics of both energetic and thermoplastic materials, in-
cluding high energy density, low sensitivity, good burn-out, reprocessing and recyclability, etc. , have important applica-
tions in the field of explosives and propellants, and have become the frontier and hotspot of energetic materials research.
This paper reviews the research and application progress of energetic thermoplastic elastomers; illustrates synthesis methods
and preparation processes, such as functional group pre-polymerization method, active sequential polymerization method and
macro-initiator method, as well as direct and indirect method, solution and bulk polymerization method, eic. ; summarizes
relevant structural characterizations and basic properties, such as chain segment composition and sequence, microphase sep-
aration, hydrogen bonding and crystallinity, as well as thermal decomposition, sensitivity, compatibility, rheology, forma-
tion enthalpy and combustion, eic. In addition, constructing bonding and self-healing functions, as well as methods to
improve mechanical properties and energy density are clarified, and the application progress of gun propellants, mixed explo-
sives, solid propellants, combustible cartridges and modified spherical powders is discussed. At last, the current problems
and deficiencies of energetic thermoplastic elastomers research are concluded, and the future directions of research and
development are put forward.

Key words: energetic material; energetic thermoplastic elastomer; synthesis method and process; basic structure and
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Fig. 1  Synthesis route of functional group pre-polymerization method
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Fig. 2 Synthesis route of active sequential polymerization method (a) and cationic ring opening polymerization mechanism (b)
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Fig. 3 Synthesis route of macro-initiator method
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Fig. 4 Schematic diagram of hydrogen bond formation
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BAMO/AMMO-ETPE 30 40073 —42. 113 232034 3.751% -21.24%1 1,290 03! 70131 90~1005%)

BRLLEFEAPERRLIAN, ZE0KERD | AVE A
R B 5 %2 5E J7 ¥ % GAP-ETPE 5 Al BR 4
(RDX) ., & A IR S E 4K HilEk (GAPA), ¥/
PBAMO( CE-PBAMO) 5 RDX, HMX, PBAMO/GAP 55
SAMRE(AP) . RDX, Al, T 344 £ FEA4ME (BuNENA )
Z M AT TP 9T, RBM%, £W ETPE 0]
PITEKKEZ R 2l

Kubota %' X} ETPE MR PERELEAT THFSE, &
GAP JESRVEIRTE 1~ 8 MPa i N B 5~ 10 mm/s,
PR R S8R0 0. 44 THE RS T, MR R U R 5
70,010 K™, JHEAESERHIAY KA (624 k]/kg) & HMX
(300 kJ/kg) BPIfE %,

TRAEPEREMIR RAL L BT AR TREM S 45
RSN T T AMA M TFB, WA tEREE ETPE (1) 82
PEfiE, Wang 251 RGEHEST T GAP 3 ETPE, ETPE/filifk
Hi (NC) Fll ETPE/NC/NENA BY3RASHERELL I AL, RDX 4§
[P A SEURL X AR PR RE A RE M LA, A TR -5 ) R

HURS LG AL RE-BY VIR R, ) ETPE KAE2Y A T
(R E B T A

4 ETPE HIThEE{L S5EsE st

4.1 TIhEE
4.1.1 WT4esait

FTRERG A KOKE 2 I B N A, AR SRS [ A
WKL ALHAL GAE— &, AIEZEA —@ i LRI
PEUENUMEREFIBE R . AR, = BE AR 5 H5 & 577 = (1]
PIAH EAE AR ES , M KRS0 kg2, Mt
VIl A R TR . 0 T e S RS A 70 3 K 24 %
PERESSXER, EHIRAR T BB A YIREN ETPE
AR ARE 22 3% 30 94 e DR L T R B SRR T
S F AR Z R BRI S IVE, DA K—CN £ 5
THMeKEZS I—NO, SR &A% S1EH . MEEIREA ™ &
HIFERT R W EN MR 28 (DBM) g2 =2
B (CBA) PIFEE G ) (0 xR & 5 fiom ), SR AL



122 Fh BB

541 %

DBM #i1 CBA #il 4 T R EAT G ThHEM GAP 5| 3,3-1
(B2 L) PR AT Be-Du &k i 4k R it (PGN) L AT CE-
PBAMO : ETPE, J 5 AP, RDX, HMX 1 CL-20 %~
(B PR T N 2 R, R mT UL, B S R A,
KGR oh R, B4, £ 34 T A A DBM Al CBA
G GAP-ETPE/RDX i [EMAHE#E R4 J1 2= MR, A8
Was ke, R IR GAP-ETPE/RDX RE4PLHE 7 5 19 $ir
R EE 43 S 2. 45 BEHNZE 3. 80 il 4. 80 MPa, ZEffi /) 5]
HH 9. 98% 34N A 11. 80% F1 10. 30% , 7B B A 44 ks
1) ETPE 7] DL 28 038 KRR 210 )24 b RE

CO,Et CH,CH,OH
CO,Et CH,CH,OH
DBM CBA

1S DBM fil CBA HEA IS T2
Fig. 5 Molecular formula of DBM and CBA bonding agents[ZS:

F 2 ETPE 5EMREALIE #9446 B Ih

Table 2 Adhesion works between ETPE and solid fillers ( mJ/m?)

ETPE RDX HMX AP CL-20
BDO-GAP-ETPE 5654131 — — _
DBM-GAP-ETPE  66.75/%% %] — — _
CBA-GAP-ETPE 72.93%1  — — _
BDO-PGN-ETPE  44.09'%) 46.10'%)  —  41.61%
DBM-PGN-ETPE  53.61'%) 54.76!%)  —  49.20[%)

81.970%1 94,2431 79 51031 g6 293
87. 4347 96.03147) 82.33[47) g7 4447

DEG-PBAMO-ETPE
DBM-PBAMO-ETPE
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Table 3 Comparison of mechanical properties of GAP-ETPE/
RDX solid propellants before and after adding bonding
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Strain/ % 9.98 11. 80 10. 30
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Table 4 Comparison of self-healing properties of previous reported energetic thermoplastic elastomers and energetic composites

Original stress

Self-healing method

Self-healing energetic binder

Healed stress Healing efficiency of

Healing efficiency

/MPa /MPa energetic composites
Hydrogen bond GAP ;-IDI-MDA,, , 0. 143051 0. 1330%"] 939! ~97%!!
Metal-ligand 3,5-BTP-PDMS-Zn 1.20%] 1.20%] 1009 1009 )
Dynamic disulfide bond GAP-ETPE 6. 89 7.020%] 1029+ 92. 89 %
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Fig. 6 Healing effect of self-healing energetic thermoplastic elastomers based on dynamic disulfide bonds and surface energy (a) (1 metal-ligands

(b)) and hydrogen bonds (c) (st
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