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Table 1

Glass transition temperatures of THF-containing multiblock random copolyethers

molecular weight and distribution

samples T, /°C tensile strength / MPa elongation / %
M,/ g-mol™ b 8

AMMO-THF"3"! 3550 1.31 -59.2 - -
BAMO-THF'?'" - - -61.1 - -
NIMMO-THF!# - - -53.7 1.32 100
GAP-THF'*! 1380 2.24 -64 - -
DFAMO-THF!3?/ 2700 - -50 - -
BDFAO-THF!? 1700 - -40 - -

Note: M, is the number average molecular weight. b is the molecular weight distribution. T is the glass transition temperature.
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Table 2 Glass transition temperatures of C—H side chain copolyethers

molecular weight and distribution

samples T,/ tensile strength / MPa elongation / %
M,/ g-mol™ P

PPG-GAP-PPG¢7] 1639 1.50 -63 - -

PPG-PGN-PPG!®®] 1886 2.02 -58 - -

P(GN-ran-PO)!*"! 1152 1.27 -47 0.59 109

PEpH-GAP-PEpH' 2] 1016~1856 1.33~2.25 -60~—47 - -

pz-23'7° - - -73 - -

pz-247) - - -100 - -

GAPI7" 1853 1.16 -49 - -

Carboxylated GAP'" 2257~2611 1.15~1.17 —-55~-48 - -

PBAMO"?7] 2030 1.21 -37 - -

Carboxylated-BAMO"?/ 2080~2440 1.22~1.3 —51~-43 - -
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Fig.10 Synthesis route of fluorinated side-chain energetic copolymers
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Table 3 Glass transition temperatures and mechanical properties of C—F side chain copolyethers

molecular weight and distribution

samples - T,/°C tensile strength / MPa elongation / %
M, / g-mol™ D ¢
(poly(TFEE-r-GA))'2! 2876 1.47 -49.5 5.52 162.8
P (FPO/NIMMO)!®] 2970 - -42.7 - -
PNMMO'7®! 2610 - -35.6 6.18 635
(PBFMO-PNMMO) 6840 1.22 -20.4 10.54 723
W),k A ALY Z BV 2 N B R S B AERE . RMCP X GAP 5 4 91 th 1 U A EL A £
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Reactive energetic plasticizers linked via 1, 3-dipole
[77]

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-15)

OH

it :
0 —Ns HO 3
Ho OH NN, 0 OH
VJ‘O%N S N
3
N3 OH N2
Ny O N3 0 Ny 0 ey
Ho/jD\o/ﬁ/\o/\ko/\Eo/_f\o/?D\o%bH
HO N3 0 ,"'O N . HE) Terminal unit

N: N, : H 3
Hoj&o “ﬁOH _N?Tﬁ?o%o»a
HO 0 Dendritic unit HO

HBPAMHMO

a. molecular structure of dendritic polymers'®

AUT-NT

b. molecular structure of star polymers™*”’

12 ERREY I T4

Fig.12 Molecular structures of hyperbranched polymers
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Table 4 Mechanical and safety properties of HBPAMHMO and PAMMO"™

molecular weight and distribution

samples - T /C viscosity / Pa-s

M,/ g-mol™ b ¢
HBPAMHMO 2830 1.12 -54 3.472 at 25 °C, 1.013 at 50°C
PAMMO 3290 1.21 —44 3.219 at 25 °C, 0.907 at 50°C
samples tensile strength / MPa elongation / % impact sensitivity /) friction sensitivity / T,/ C
EBPAMHMO-2 8.98 277 35 324 —45
EBPAMHMO 8.22 95 25 288 =37

20% , HoM: AE vt B 0 R & A 4 K H I Bk ( GAPA)
o9 00 0 R 2 B S U S Ak 3 IR AR A B 0
A B4R ETPE HE O R 0 & dEBE R T
fE(F£5).
BERBEWRE PR B LR A, HE5H
FEOETE T LA — DBk SOV S o %, e oo % 52 i 5
RGE R = &L &R EE A LR Y, 2020 4F
Wang 24" DL = B g Hl NIMMO-THF 3£ ik (T-NT)
IS5 SR I Y TR Ol JEORE B T — R 5 MR HTPB
2B A RIE R S SR E R R N S E T R
Tk -0 &k g 2L B ik (AUT-NT) . BF58 20, 3 T %

R5 SR A Y B AL A IR B AN g 2 v fE

A FIAA Z AR 58 B 1.0 MPa B i) T 3.0 MPa,
W 2 e 4 N 135% 19 5 300% , A T %64 7 1y B
SRS oL I

Zhang %507 e oK S 350 6 Ry S B A5 A0 Sk R
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Table 5 Glass transition temperatures and mechanical properties of hyperbranched polymers

molecular weight and distribution

viscosity / Pa-s

samples T,/°C tensile strength / MPa elongation/%
M,/ g-mol™ b 30 °C 60 °C

-POB-4!% 6330 1.61 -37 - - - -
AUT-NTH#) - - - - 3 300

T-NT!40 - - - - 1 135
b-POB-4!°0] 5300 1.6 -38 81.2 5.8 - -

POG-8%% 9530 1.2 -51 3.38 0.54 - -

D e

1
o
EHO i O/QC |
70 @ BCMO
HO OH ' "t
D, L and T: dendritic, linear and terminal units :
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@- o »89{2»@0
\~—

13 b-POBHIA ™
Fig.13 Synthesis route of b-POB""
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Research Progress on the Design of Flexible Chain Structures for Energetic Polyether Binders

PENG Xiao-yue', WANG Yu*, SUN Qian’, WANG Ya’, LI Ya-nan', ZHENG Wen-fang'
(1. School of Safety Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China: 2. Shanghai Xinli Power Equipment

Institute, Shanghai 201109, China; 3. China Explosive Materials Trade Association , Beijing 100089, China)

Abstract: Energetic polyether binders, as the backbone and matrix of propellants, are the basis to improve the energy levels, me-
chanical properties, and processing properties of propellants. However, the polar energetic groups in polyethers hinder the
movement of molecular chains and reduce the flexibility of polymer chains, leading to a decrease in mechanical properties and
restricting the development of energetic solid propellants. Copolymerization modification of energetic polyethers and introduc-
tion of flexible structural units to improve flexibility are effective methods to obtain polyethers with diverse structures and adjust-
able properties. This paper summarizes different types of flexible chain segments introduced into energetic polyethers in recent
years, and discusses from the perspectives of main-chain flexible chain segments and side-chain flexible chain segments to ex-
plain their effects on the mechanical properties and processing performance of energetic polyether binders. Future design of the
flexible chain structure of energetic polyether binders is also discussed, which will provide a direction for the design and devel-
opment of new types of energetic binders.

Key words: polyether binders;polymer chain;mechanical property;solid propellant
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Solid propellant is an important propulsion energy source for aerospace vehicles, and energetic polyether binders are the basis of
propellant. However, polar energetic groups lead to poor mechanical properties. The exploration of new polyether binders will
help to improve the comprehensive performance of propellants, which is of great value for engineering applications.
Copolymerization to introduce flexible chain segments to improve flexibility is an effective method to enhance the performance
of polyethers. In this study, different types of flexible chain segments introduced into energetic polyethers in recent years are
reviewed, and various methods to improve the flexibility of polyethers are introduced in detail from the perspectives of
main-chain flexible chain segments and side-chain flexible chain segments, as well as the progress of the synthesis and
preparation of the corresponding copolymers. Future directions for the structural design of the flexible chain structure of the
energetic polyether adhesives is discussed, which can provide a certain reference to the development of the new energetic

adhesives.
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