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Abstract: The effect of some commonly used propellant ingredients on the thermooxidative
degradation of polyurethane binder was studied by using FT-IR and NMR to detect the structural
changes ol the binder during the degradation process which was carried out at 90°C in air. Energetic
fillers and additives. including ammonium perchlorate (AP). HMX. aluminium power, black carbon.
nitrocellulose and a coupling agent. can’t modify the degradation mechanism of the polyurethane
binder but show some different stabilizing effect. The sample containing AP kept its solid state in the

whole procedure while other samples were all gradually changed into liquid. The thermooxidative
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degradation of NEPE propellant started with the evaporation and decomposition of nitrate esters and
centralite. followed by the degradation of polyurethane binder. resulting in the loss of mechanical
properties of the propellant.

Subject terms: Solid propellant . polyether-urethane " . Thermooxidation ™ . Filler . Auxiliary agent
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Table 1 Composition and physical change of polyurethanes containing different additives

Physical change/h
Sample No. Composition
Exudation Liquefaction Change yellow

NP-13 PEU+15%DBP+8 % AP = == 72
NP-15 PEU+15%DBP+4 % AP — — 60
NP-16 PEU+12%DBP+20% HMX 48 96 72
NP-17 PEU+15%DBP+0. 15 % NC 60 96 72

PEU + 15%DBP -+ 1.15% Coupling 48 96 72
NP-18

agent
NP-19 PEU-+15%DBP+12% Al 60 96
NP-20 PEU+15%DBP+4. 5% Black carbon 48 96 —
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Fig. 1 CP/MAS-NMR spectrum of the polyurethanes  Fig.2 FT-IR spectrum of NP-13 after different

containing AP after different time of time of thermooxidation
thermooxidation NP-15 (4 AP) a: Oh; b: 50 h; c: 100 h; d: 175 h; e: 330 h;
a; Oh; b: 240 h; ¢: 500 hy NP-13 (8% AP); D; 500 h f: 500 h

3.3 Hwuitds (HMX) B

20 HMX M R Z B FE & NP-167E90 °C F2REH AT ik, 4 RKEREAD BB A,
M HMX P fER R 2 b A PR F2 10 FT-IR #& A1500 h J&5 19" C-NMR % i B 30 & 4
i, SASHEBIERE, Y48 MaEes—F, mTfem T HMX RmtEHE", Ho b
v, T AT TR &R PR AN B G B R R, B B B B ) PR R R A BT PR R (LER2), TTRE
5FmRER XK,
3.4 HoEHURVRT Bh ) A 5 i

Sl EA AR (NC), A7, B8 (AD FEkBERINA R A&, AERFEET
FEH I FT-IR W 5 B3 ML, 500 h JEHIY¥ C-NMR % WK 5, & FEMmBEBRER ISR S A E



98 e #H O HOAR 19994F

BRI B A [F, R XL 30
I 3 A b AN 2 AR TR i RS

25-
ERILE S e RS S,
TRE B (1 6 R B 2 5 TR
(55783 BURIRE S A E Ew—
T B &R S R AR A AE 3 101
0 (LFE2),PEX IR .
MR R E, 08 . ,
][5 1Ak 5 A 4 R b i AR 2 4000 3000 2000 1000 400

g5 4  NC 8 & 7 fig 48 [ 1K Wave number/cm™!

(=S S a2 S B = T

H % S M PR, R U ) Fig. 3 FT-IR spectrum of NP-16 after different time of thermooxidation
BENE, tHERSAN, B a0 h (obtained with ATR technique); b: 50 h; ¢: 100 h; d: 175 h; e: 330

=G T B A e R M T 00h
FE A0 R R BB S 5 SR 5 A0 DA 0 B O 1 D RE A B R B 4R P

| | : dow e Lm L
i S P T | (N 61
uul :-th‘ J_ 1 . JLL.__LL-_H_

-

180 160 140 120 100 80 60 40 20 180 160 140 120 100 80 60 40 20

Fig. 4 "“C-NMR spectrum of NP-16 after 500 h  Fig. 5 '*C-NMR spectrum of polyurethanes containing
of thermooxidation different fillers after 500 h of thermooxidation

as NP-l?; b: NP-18; Cs \P_lgv d: NP-20

Table 2 Effect of some propellant ingredients on the thermooxidation of polyurethane binder

Degradation time Thermooxidation of soft Depolymerization of
Sample No. N
/h segments/ % hard segments/ %
NP-16 200 5. 8 58.1
NP-17 500 4.9 56. 6
NP-18 500 2.9 54.8
NP-19 500 5.4 58.5
NP-20 500 7.3 65.5
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Fig. 6 CP/MAS spectrum of NEPE propellant
after different time of degradation

a: 0hs; b: 310 hy ¢: 500 h. SSBis spinning side band
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