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Novel Polyurethane Binder for Propellant based on
Hydroxyl-terminated Copolyether
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ABSTRACT

Novel two synthetic technics using cationic ring-opening copolymerization of tetrahydrofuran
(THF) and ethylene oxide (EO), or just polymerized EO on Poly-THF, could lead to random
hydroxyl-terminated poly(EO-ran-THF) or tri-block PEG-PTHF-PEG, respectively. These reactions
were carried out using BFsO(CHs), as catalyst, 1,4-butanediol or PTHF as diol initiator.
Copolymer structures were controlled by monomer feed ratio, or initial PTHF and EO monomer
added amount. The molecular weight of polymer was merely dependant on the ratio of
[monomer]/[diol], but not on catalyst. Well-defined random and block hydroxyl-terminated
copolyether was found to be as the prepolymer for the propellant binder from the experiment to

polyurethane with them.
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Table 1. Characteristics of random and tri-block HTPE

Molecular Weight

Sample Initiator monomer

COZe Type [[catalyst%/ - [[Ini t iato]r/] (CQ%bMQ) Obs(. XM?O‘(}?PC) PDI
1 4 1.4 1.83 1.88 1.55
P) Ra?ggm 4 68.8 3.41 3.00 1.48
3 4 74.0 4.02 4.10 1.48
2 — 2 %59 1.79 (0.57-0.65-0.57) " 1.70 1.56
5 block 4 36.3 3.00 (0.80—1‘40—0.80)1) 2.79 1.60
6 HTPE 4 45.4 4.00 (1.00-2.00-1.00)" 4.50 1.71

1) Calculated Molecular Weight of PEG-PTHF-PEG(tri-block)
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3.2 Composition and sequence structure
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Fig. 2 'H-NMR spectra of random and tri-block HTPE
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Table 2. Functionality of One-shot and droplet
addition
One-shot addition Droplet addition
Sample . .. |Sample . )
code Functionality code Functionality
7 1.87 10 1.96
Random 8 1.88 11 1.95
9 1.88 12 1.94
Tri 13 1.96
bl'o'ck 14 1.98
15 1.92
Table 3. content of OCE in HTPE
OCE content in weight (%)
Sample  One-shot Droplet monomer addition method
code monamer
?ndedt'h'o'(f” Neat? Purified”
16 6 - -
17 - 4.0 1.5
18 - - 2.5

1) There was no diol as initiator
2) Neat HTPE without water extraction
3) Purified HTPE via water extration
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3.4 Thermal properties
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Fig. 3 Comparison of DSC thermograms of random
and tri-block HTPE

3.5 Mechanical properties of polyurethane
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Table 4. Characteristics of Polyurethane

... |Equival Mechanical properties
M%‘Ie_a;]lar tits qem Curatives ikl
eight o4 Index | ratio Patio | Svsten £
#| Tyoe | 0. o N
(fn/kg) | (EQ/ (N-100/
(-NCO/
(X103} THE) I 1PDI) (bar) | (bar) { (%)
ﬁ Randon 4.10 0.488 | 50/50 1.0 5/5 2.8 3.5 253
20 2.94 0.673 | 50/50 1.0 5/5 9.3 8.0 146
21_ Tri- 4.50 0.458 | 50/50 1.0 5/5 3.1 4,2 235
22| biock 2.79 0.748 | 50/50 | 1.0 5/5 9.8 9.5 164
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