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Fig. 1  Gas chromatogram of N, N-dihydroxyethyl-3-amine
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Fig.2 Mass spectra of N, N-dihydroxyethyl-3-amine methyl

propionate
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Fig.3 Infrared spectroscopy of BEBA
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Table 1

properties of propellants

Effect of the dosage of BEBA on the mechanical

70 °C, 20 °C, —40 °C,
dosage 2 mm - min~' 100 mm - min™' 100 mm - min™'
/% [ Em &p T Em Ep [ Em Ep
/MPa /% /% /MPa /% /% /MPa /% /%
0 0.15 44.5 51.8 0.45 40.2 45.8 1.45 43.6 45.9

0.05 0.26 49.0 72.9 0.55 48.6 57.5 1.64 542 71.3
0.08 0.32 53.2 69.0 0.77 51.2 543 1.97 53.2 66.3
0.10 0.35 48.9 59.6 0.82 47.5 54.1 2.05 42.5 53.7
0.12 0.38 46.1 56.4 0.88 45.5 54.6 2.10 30.5 47.8

Note: o, is maximum tensile strength, & is maximum elongation, £, is elon-

gation at break of the propellant.
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Table 2  Effect of curing parameters on mechanical properties

of propellants

70 °C, 20 °C, -40 °C,
< 2 mm - min™ 100 mm -+ min™' 100 mm - min™'
;
On  &m &y Omn  &m £ Om  &m &y

/MPa /% /% /MPa /% /% /MPa /% /%
0.95 0.25 50.5 61.2 0.66 47.9 52.5 1.90 49.2 58.3
0.98 0.32 53.2 69.0 0.77 52.2 543 1.97 53.2 66.3
1.01 0.48 55.1 65.3 0.91 49.1 56.2 2.02 45.8 54.2
1.04 0.52 56.2 67.5 0.94 45.3 53.6 2.10 36.5 53.6
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Table 3

properties of propellants

Effects of crosslinking parameters on mechanical

70 °C, 20 °C, -40 °C,
! 1 100 mm - min™'

2 mm - min~ 100 mm « min~

o Em &y o Em &p [ Em &p

/MPa /% /% /MPa /% /% /MPa /% /%
0.18 0.52 45.5 52.1 1.25 42,6 49.8 2.05 41.8 50.9
0.20 0.58 47.5 58.9 1.34 46.5 51.2 2.14 43.5 52.2
0.22 0.48 55.1 65.3 091 49.1 56.2 2.02 45.8 54.2
0.24 0.56 48.6 53.4 1.33 42.2 45.8 2.30 43.2 48.6
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Table 4

i e AR A
Effect of proportion of composite bonding agents on

the mechanical properties of propellants

70 °C, 20 °C, —40 °C,
m(BEBA) : 2 mm - min~' 100 mm - min™' 100 mm - min™
m(JHO3) [ Em &y O Em &y [ Em &y

/MPa /% /%  /MPa /% /% /MPa /% /%
0.08 0.48 55.1 65.3 0.91 49.1 56.2 2.02 45.8 54.2

0.08/0.04 0.57 55.6 66.6 1.27 50.7 55.6 2.10 50.3 58.3
0.08/0.07 0.46 49.2 69.3 1.19 43.5 45.1 2.25 50.1 58.6
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Synthesis and Application of Modified Borate Ester Bonding Agent for HTPB Propellant

LIU Mico-e, ZHANG Xi-long, DENG Jian-ru
( College of Chemistry and Chemical Engineering of Hunan University, Changsha 410082, China)

Abstract: As the poor mechanical properties of four-component hydroxy-terminated polybutadiene (HTPB) propellant(ammonium perchlo-
rate/hexogen/Al/HTPB, AP/RDX/AI/HTPB), a modified borate ester bonding agent(BEBA) was synthesized using N, N-dihydroxyethyl-3-
amino methyl propionate as the external connection monomer, polybutylene adipate( PBA) with low molecular mass as interconnec-
tion monomer, and tributyl borate as material. Polybutylene adipate(PBA) was synthesized using adipic acid and 1,4-butanediol
as materials, and N, N-dihydroxyethyl-3-amino methyl propionate was synthesized from diethanolamine and methyl acrylate. Their
structures were characterized by FT-IR, GPC, 'H NMR, and GC-MS. The application of modified BEBA as bonding agent for four-
component HTPB propellant shows that with the curing parameter of 1.01, the crosslinking parameter of 0.22, and the mass ratio
between BEBA and JHO3 of 0.08/0. 04, the mechanical properties of the four-component HTPB propellant are the best at high
(70 °C), constant(20 °C) and low(-40 °C) temperatures.

Key words: four-component hydroxy-terminated polybutadiene (HTPB) propellant; borate ester bonding agent( BEBA) ; external
connection monomer; interconnection monomer; mechanical properties
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