2022-02 Exgawn
41(2) Ordnance Industry Automation °© 35

doi: 10.7690/bgzdh.2022.02.009

HTPB it FIRE S5 1 R RO B Z (L R B 3 5

ok, EwE, LA E, B ORL HEA
(1. WERMSKEE 20, LR WHE 264001; 2. REWE QO \RI, W TR 571400)

FHEE : EFXHE ZE ROR T R A K T R B PG R B I T /i (hydroxyl-terminated polybutadiene, HTPB) i
L AR, Xt HTPB HEJE AL 45 08 R E KB AT IR . X TR R A TN E N E F S B R AT N4, o0l
MY EPT AR 5B 27 A ER 3 2 J7 R 7 HTPB HESEFIRG 25 R RGBT 47 . ATz, A3 70 0 B4y T4 3
J7 DA AL K B 4P B0 ST T VEBEAT 1B, R TR EORAE HTPB HE#E 77 2 A6 K& B 4 0F 70 (0 2 T i gt 47 e .
W TER R R HTPB HEHEF A By 240 J2 37 . A TERERI IR A — €48 T & L.

XHEIE: HTPB HEHE; Mgtk &, TERREEN, R, Wigh: o1

FESES: TI760.4 XEARERG: A

Study on Thermal-oxidative Aging and Protection of HTPB Propellant Binder System

Lai Shuaiguang', Dong Kehai', Kong Lingze', Xia Cheng?, Xiao Yundong'
(1. College of Coast Defense, Naval Aviation University, Yantai 264001, China;
2. A Department of China Coast Guard, Qionghai 571400, China)

Abstract: Aiming at the aging problem of hydroxyl-terminated polybutadiene (HTPB) propellant in solid rocket engine
of naval tactical missile, the aging and protection of HTPB propellant binder system were discussed. The thermal-oxidative
aging mechanism and influencing factors of HTPB polyurethane were introduced, and the protection of HTPB propellant
binder system was summarized from 2 aspects: physical protection and chemical protection of antioxidant. The research
methods of aging and protection were summarized from 3 aspects: aging experiment, instrumental analysis and molecular
simulation, and the application prospect of molecular simulation technology in the aging and protection of HTPB propellant
was prospected. This study has a certain guiding significance for the future anti-aging of HTPB propellant and the
improvement of missile storage and use performance.
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I HTPB HEE 77 RS 4578 R 24k, ATk 31 4E 73
e .



FE2H

UM 6EE . HTPB 3 7k 45 1 & 10 I AL LB it ot -39

3.2 LWEMNSF|HE
3.2.1 st oA R

2L hh 1 (infrared spectroscopy, IR) 43 #7458 F
FELAM B Y B 7 AT Al R . & A A
[F) 3 K B 20 A0 o 2 HR S B T o 7 b, BELSRE e
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53 SAE U NI 2 Ak S8 Bl B, @ IR 4 b A B
AL E AL 32 LR B R B HTPB &4 H 8 IR i
T RRABRMAFEEE . 2218 %05
X AREAN . ZA 3 A 7 RRT R R
PEAR 2L AR 61 B AT 20 4, N AT AR AE )5 [
R, 224k v A7 A2 A B i B 5 SR A A IR I 55
G, (HEEZA G I EZE DA MR A £,
322 HEFNBEA

#h H 4> M £ R (thermogravimetric analysis ,
TGA) & 48 7E 12 7 2 il i 52 71 Wl & 4 o o & 55 0k &2
KA —FEAR. FIHMRESHHEAR, JTHRIEAS
A PR )T R SR R AR T SO T 3 U o
2. Zhang Y ORI A TGA 40T T v Ak 72
Hh TR SR 1) A g i il e e A RO R ) AR A R
UL LZBNTM SRR R R ANEPERY], F
R RE R 0N 2 R E, fE 200~350 CIEH N,
EE A ) il N S AR AR B B B S R R T
gy, TR IREBEAE 2 A N8 A A FL B i R
W I ) B . A, A FNRE S T R R Al
W= EAT X LR I, B T B 1R e A P ) A —
E WAL o
323 ERHPMEAK

Z AT HR (differential scanning calorimetry,
DSC) Jf& — M B Z K F o B T B, Tz T E AR
TE AR A 57 SO IR R AR AGE i 52 R R AT ) B
Wang Y 52025 ] DSC 45 & v i sk 22 46 S 56 AF
Bl 7 THP SRR LS T 2 R A e
SR R AR E 1 . Fuente 251 i 2R R &
Pak i 7 OUT B R MR SR A O B W AR T
e 2SRRI ALAT Dy, I X DSC I E 1 3¢ 5
W AR IR B Z 505 D) R S H U by IR AR AL )
FLERAIE 1 2 BT A G 1k . 25 R, dlid DSC
A LA 2 B8 5 it A0 ] B PR 7 9% R PP Ak A2 I 4
LB IR 7 o
3.2.4 kAR B AT HOR

A% B L % % 1% 2 (NMIR) /2 - BF 95 i 7 4% %

SR AU S W W B AR, AT & Bl LA e AL A )
95~ AT E AT, A I IR ] 34T E & A M
Harris 253 il O'7 4510 T ¥ F A Bk HTPB-IPDI
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G AT IR JE RO BN, B AR B S AN
St ERAEZAITREA AN =R R B
(trifluoroacetic anhydride, TFAA) fl¥2 3 fEHl 2
FSEH T ATAEMAER, NS BEREGY T REXA
e FIRRL T = Es %, Skutnik ZPIE TFAA 57T
25 S s VAR 1 2 Ak i B R b, e = R 2
(1) NMR RHEMN OH MM FEAL 4L, LAY T 3%
MG R E A R AT W . R B T A AT AE N —
b B IRAS W W 7 9%, A TR — L8k DL 43 7 1
A AL

Br Bk JUM TSN, fE3E4T HTPB HEZE 7 &
B TR, T HLER B 2 B ARl 5 K B 1 4y
Brisf L7 REIE A AT BEOR . BEIRGIBIE (il AT B R
SO AT R WO H . FE#E4T HTPB HE it
FIFEAR ZAL G IR VE R 73 AT IRy, XS AT 3 g 1%
ST BIEAS MU M R AT S A
HEAR
3.3 SFENFE

IR, o FRAE R — A e ) Be T A,
CL 20 1 FH SR T AN [R) A RLFEAS /) RUE B8 1% 5
=M. BHRTS T 245 By s 5 2
FREMITEEEG TR 1R, B AR
L SR RIS S .
33.1 AT HFEM

¥ 8 718 (molecular dynamics, MD) &
LT T AR & oA AR R R B TR ) 3 A
SR HAR R S, IR MR — Rt
T, MHAZ T BN EAA RN R E
(cohesive energy density , CED) . ¥ # & %
(diffusion, D). & MEZH(9)5 454 e (energy,
E) &5, 80 A0 25 1 5 5 T IR B R B B SR I R T
R AR 2 Ak )

Ha R 5 SOURE T A 7 HEHE R HTPB
b 45 77 5 55 by S5 ] 4 SEORL 22 ] 1R 5 TR B e S D
PERE, X LLAF H B A TR ) i S T W B R T K
i F# 5 : TAZ > TEA > MAPO-HAC > MAPO >
HX-752, T B3 i 6 E A6 77 43 iS4k 0, 5 HL0 1E
A TR ) T J2 A BB DL K 5 A B 5 7R HTPB gk
FURG 2548 REA 2, &AM NG AT
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MR, G ISR, “BhER” RET
BRAM R 5515 B2 3 Bt = 4 iz s 18] BUK
AT RS, U v U R N T R . Bl A [
K, RIS MR . 38 I B o AR S AR
B 5 R — Bt v 45 H A T RO Bl TR v R 9
FIER Y BOE AT . 2o [ 25 0@ it 4y 7 B0l
HORBL, MELFBIZR DL BiZ 5 4020 5 NR #&%
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ML (1 o e P R 4 Bk 8 5 A TR R FE B PV FH
332 ETAHFEM

w1 71 %M (quantum mechanics, QM) % T
AR Ak, FAZ O SRR 2 R Tk R I B 2 15 7
T2, AT B 22 5 0k R AH DG I e = A PE R (9 F I 4544
SRR RN S ANE AL RE 2 4) B,

v el DR S A (W - A
HTPB-TDI ¥ 45 A5 8 (1) 5 i 25 1 HHRE, 45 SRR S
CH, B PIAHEN C-O B2 H Rt i/, HENTE 2
A TR AR T ) A W R4y i, HTPB-TDI (1
AR EME C-H RS A HAeE ST HAh
C-H %5 N-H 8, AT G280 & A h ki
Yo KA B B o T8 i 3 2R A R 1R AR A R B
o I A SR W S N HE B FE R, AL AR R AEAE LR
AN L, HiEae# /N T HTPB-TDI % Bt B¢
fife W7 B T T e, UOBA S AL SC G R N & HTPB #fE i
FRAEZHMEERER . BT PR R A Z
A1 R R ML ER DL R B2 R B OB AR R I BT B L
H, RH QM i 5H 7 SSBR 4> FHEH C-H 41
B MC H N-H B2 H dae, BiZmm N-H
R A AL/ T SSBR 4 THEM C-H 4 A % H i
e, WIS SR R RS B S R RN
RIEGER .
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SRR IS AU (monte carlo, MC) & —Fi 2T 4
T2 i 3R 6 33k 4T B AL 3 A (1) 759, RO RE 7 7
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Ty A, MR R 1 A RERY, %k
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o HMEEP 0% BR 5 NR X 2 Fi FIAS R,
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RN 0 B1F R, 158 R BNV 7k R 1 LA RE
IR, AR RN T A Z IR, SRR
TS AT AR N R A D kL P AL RE T LA K
2B e 27 FIWT ) — MK

i LR TR R I AL K B i 50T vk
FE NG SIS AER T S TR 3 R
F. HATRT ZARK f S0 A0 88 2 M BT 7L 2
R, % T T T S L, (HAR IR VR P
. FERTK, BEEIFENEARMEE, o PR
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e B T — A SR

4 LERIE
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ORABE TS R, BEE T HENLEOR KRR, 7h T
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