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0.05%;3-BFEIFEFREATHHMMO)Y Y . H#l,b.p. 96~98C/133Pa; AR P E R FME
(MHDI} 4 THEMRE TR RREESR. Kh T hiigadrsls.
2 3,3-WBREXIFETR(BAMO)BHE

F 500ml. = O L3 ACOLRSE 4, B F 4 B E RIR BT, JF A 59.5g(0. 38 mol)BCMO, 54.3¢
(0. 84mol) B {L#.6g(0.02mol )0 | 2R (k&A1 200mL & EK, £ 90~ 1000 BEHE )Y 24h, RIEH R
WHEMEER, A200nl —EPREREE, ANEATKERE TRIE, 4, SHtSLEs
(CHEFRELIEREA) . BETE2REMNRFE 63.5z TOFHWEHEK, 5E 95% . FT-IR(HE ) 2945, 2877,
2103, 1449, 1338, 983; '"H-NMR: 3.76 (4H), 4.40 (4H) . 7T & 7+ #: CsH N, O 2 it {E, ©35.71 H4.80
N49.98 #E {§, C36.60 H5.08 N48.78.
3 -HMPREEI-PERATR(NMMO) MHE

B HEHE TN dimL R EMEEE L 5% HEE. BHEEE 10C U TEER AT 180mL
Z R, K A HIAE . £E 1000mL = O F SRR VLR, Wi e F FU R B i, 4% 87.62(0. 86mol)
HMMO 71 240mL ZE HEMAZ DS, KEBSHE - ST BN THRARSMOWHE ZBRE
Wi EEHAL YRS, BRBEFOCU T, AR 0.5h AERAUMBE TR IA
200gNaHCO,, KR EKEBE. AMESBEEH 15¢ TAK MgSOQ, TH %, Rk %, e
B ECR/ZERRBER(V/ VU Rk HERBEHED 96 g REAWEK, BE 76.4%.
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FT-IR:2969, 2878, 1630, 1450, 1286, 1238, 982, 930; 'H-NMR:1. 40{3H), 4. 43(2H), 4. 51 (2H), 4.62
(ZH); TTE D : CsHoNO, i {H:C 40.82 H6.17 N9.52; MIE{H .C41.00 H6.24 N 9.48.

1 BEMNESH

ESmL ERE THRLEE=NHELENAEESE A5 AE WEE L BiEgSs 5%
10m1{0.076mol) =B ALTH Z BEWE KA 3.42(0.038mol) 1, 4- T ML A S 30mL FHEM P 5
# 0.5h 5F 0T #F 56g(0. 33mol) BAMO,48(0.33mol )NMMO 1 150mL Fi — S FRHWBRSB G
AN, B RP TRERN 24h. 85 B 100mL WEAZ LR, HEKEZEPHE. H 500mL =8
FfEZ W, TK MgSO, FRAR, e G 28 ibma, SR E kM ARy FRAE=®R, ¥
80°C HZ A TR 240, 77 68.3g RR A E WM 4, 9K 65% . FT-IR: 3367, 2969, 2936, 2877, 2104,
1632, 1450, 1108; '"H-NMR: 1.0(CH; ), 3.3(CH,N; and OCH, ), 3. 4((OCH,CCH,0H), 3.6(OCH,CILOH),
4.4(CH,ONQ, ) ; ¥ C-NMR: 74.8 (CH,ON(y ), 73.5 (OCH, in BAM0Q), 70.0{QCH, in NMMO), 65.8
{CH,0H), 51.7(CH;N; }, 45.3(C in BAMO), 40.3(C in NMMO}, 17.4(CH,). GPC il i &5 8 5, M, =
3270, M,/ M, =1.66, BEBE 7 55 5 € 5 32.54mgKOH/ g.

5 B S5HEESF

T E & & A Heracus CHN-Rapid TTE ¥4 4 #7 ; FT-1IR #F Nicolet Magna IR750 BI4T #4387 {3 b 52
#, KBr #%; '"H-NMR f1°C-NMR § ARX 400 B 88 £ (08, CDCL, & F, TMS N iR, g E
BRAREELBZGIG) B)F, HERET A 15s. Al Waters 150C ¥ L ¥ B4 F 8, B FEH 2 S0nm,
THF A, B3 ZEFRMED, HE 1mL/min; DMA FE Perkin Elmer DMA-7 B¢ R
6 BHEOHHE
6.1 BAMOMIHl & ANAEE LR Frankel Fi&, £ N N-_HEFBRE (DM T ELEELSS
BCMO #ET 8,2 F B R S # 4  BAMO 1 Atk ik, MBBESH A RSB ERR, K
Tt O, B AR TR SRS RN E S TR M, Al
We R T AR E A A LA KM P AT BRI N, KRG VIEN, &% W EXRE,
BARERESR.
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TR 551 % 0 B R BT R A3, 4 T8 — B 7E 6000~ 8000 o] K 738 i M No.6 #1 No.7 4
FAEY, R BF-EnO5 1,4- T ZBE NS R &R, H TEMEVTEYN, XEXBRES RN LK T
e (AMILAL BF, 51.4- T BERTTEO H SHRETRSE AR EASL, CRMHES
FiEE, ZRNEREERNS TR, RS BEERK.
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Table 1 Molecular weight of copolymer ethers

No. BAMO/ NMMO BF; - E;0{mol} 1, 4-Butenediol (mol) t{h) M, M./M,
| 0.01/0.01 0.0003 24 7870 1.99
2 0.01/0.01 0.004 10 7760 1.91
3 0.01/0.01 0.0005 5 6490 1.85
4 0.01/0.01 0.001 1 6600 1.85
5 0.01/0.01 0.001 0.1 6170 1.72
6 0.01/0.01 0.002 0.001 24 3270 1.66
7 0.33/0.33 0.076 0.038 24 2410 1.68
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B K P(BAMO-co- NMMO) I BC-NMR B IHBEmM A K S, =4.44, S5 =5.67. 53 =4.82. 5 =
8.65, Sps=8.56, Sgp=8.70, Sz =4.46. i Sy, Sy BILFES TH T BAMO 1 NMMO & 75 & 6 i #2,
Spn Sey It LS T8 5 # i T BAMO FI NMMO 87  iE BB, R 750 ) b #R IR BR IR FoRE B
FEFHN:S5= Sal2, Sn= Sca, Spn= Scs/4, Sen = See/4- HEME LR TN BT H = Sp/ Sni KB
= (Sent S )/ (Sy+ Su) i FIFEFIEE A Ny = Sp/ Sans Nu= S/ Sus RERFH yu = ([BJ/[N])-
(Ng— 1574 =([NVIBD - (Ny - 1) HRIUHFHERFITE 2.

Table 2 Structure parameter of molecular chain for P(BAMO-co-NMMO)

Feed ratio Chain segmental Alternative Mean sequence length Reacuvity ratio
BaM()/ NMMO ratio degree Ny Ny Tu Y~ YoT~
50/50 49,30/50.84 49.12 2.02 2.05 0.99 1.06 1.05

M 2 AR, FMERYENEELTFHY BT SR EER R 3, B4R 78 ERK
Bl AR AR ER, KRS EEIE S0%, R FEFFRERE 2, RRAZRERE L, XWKIET
B A RE WAk T WIS EEN R, ARHeAEEEAHEGHN. EITES FRELT
WA, X B H T M, E SRR AP T EEMEL.
9 HERSHMENREMY

43 8 Al P(BAMO- co-NMMO}, P{BAMO-co- THF) t£: 5 5 4, MHDI /& B 4632 Bk ), 8 4k Hil (NG)
YEI R T & B F, it DMA (B BIEagE T, SR N K 3.

Table 3 Effect of plasticizing ratio on glass temperature for binders

Energetic binders P/P, [NC01/[OH] T,.LT)
BAMO/THF/MHDI 1.0 1.05 —77.26, -63.36
BAMO/ NMMO/MHDI 1.0 1.1¢ -67.77

BAMO/NMMO/MHDI 2.0 1.05 ~-73.83
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ME3ERTEL, YW P/Po FF 1 I, BAMO/ THF/MHDI e K HBLA A~ T,: - W ##
REHY To, 55— T AT BLEE i BAMO/ THF/MHDI B A 89 T, T AT BAMO/NMMO/MHDI B 4, #£ 1§
WH P/Po ¥ T 20 HAE -4 T, XTEHE NMMO MEEHB R SEE I M SHREHEEHG%
BEREHT RAME S, AR SRR RN N M E TR

REFERENCES

I QuHongxiang{ T4 ), Feng Zengguo( 5% H ), Tan Huimin(F ¥ K ), Xu Baoguol ¥R M), Zhou Jiyi{ B & ). Ace
Polymerica Sinica( &7 F #4# }, 1997, 5:615~620

Mooradian ClokeJ Am Chem Soc, 1945, 67:942 ~ 944

Vandenberg E J, Mullis J C,Juvet R S.] Polym Sci, Part A:Polym Chem, 1989, 27; 3086 — 3095

Frankel M B, Wilson E R.]J Chem Data, 1981, 26:219~224

Liu Ye, Wang Hengbin, Pan Caiyuan. Macromal Chem Phys, 1997, 198;2613~ 2617

Hidetoshi K, Toshiyuki A. Propell Explos Pyrotech, 1997, 22.89-- 95

Tan Huiming{# & & ). Dai Jianwu( 5 ), Li Huisheng( ZE ¥ 4 ), Yao Weishang( 3k # % ). A Review on Polymeric
Physics and its Advanced Development( B S B E R H# B ¥ ). Beijing(JE 5T ) : Beijing Institute of Technology
(AEFHETKAF), 1993.65~90

~ SO e 2

SYNTHESIS AND PROPERTIES OF THE COPOLYETHER OF 3, 3-
BIS(AZIDOMETHYL }OXETANE AND 3-NITRATOMETHYL.-3-
METHYLOXETANE

QU Hengxiang, FENG Zengguo, YU Yongzhong, LIN Jian, YANG Yaming
( School of Chemical Engincering und Materials Science, Beijing Institute of Technology, Beijing 100081)

Abstract The energetic copolyether of 3, 3-bis{azidomethyl Joxetane{ BAMQ) and 3-nitrato-
melhyl-3-methyloxetane{ NMMQ) was synthesized by using BF; ‘Et;0 and 1, 4-butanediol as
an initiator system for the caticnic ring-opening polymerization, with which the molecular
weight could be controlled. The copolymer structure was characterized with FT-IR, 'H-
NMR and ” C-NMR. The arrangement of the monomer units in the copolyether chain is
almost the ideal system. The DMA results indicated that the miscibility between the
copolyether and nitrate ester plasticizer is excellent. This copolyether could be applied for
solid propellant binder.

Key words Oxetane derivative, Egergetic prepolymer, Cationic ring-opening

polymerization, Chain structure, Nitrate ester plasticizer



