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33.0% , B TAFAE AN X R 00 00 5 25 44, IR ) 27 P e A
i ,PAMMO (M, =3010) K T, Jy —40.37 C"*™%,
KL, ARBFFEELL 1,3, 5-= 8 2, 3 5 A5UIR R IS
(THEIC) B A% 1, 4- T s S e 4 ), 28 36 S0/ N o
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FTIR 4% ( KBr) 7% [& Bruker 2 & AVANCE AV500 #1J
KR L P AL ("H-NMR, " C-NMR) %] GA-b-AMMO
LRBESER S W 7 T ST R A IS TA &
A] DSC910S 2R H i i AL B R Gy T, MRSy
fife R B 5 RS B R AR A R W] ZDJ-4A AL
By A AU E R E s REWr M, RS E PL
7] GPC-50 AU & e % & 3% A I 3K, & 3% 4
PLgel M IXED-EfR B (A 3% 41, UL PEG bk, sl Al A
THF #7840 °C; % 3 [# Brookfield /2 &) CAP2000 +
MEASORS BE 110 72 58 A9 RS B2, iR B2 50 °C5 R
£ [# Instron/ 7] Instron 6022 4 J5 GE A BHA K6 AL X 46
e kg AR i GB/T528-1998
2.2 KRHFRERIBF TGAP &K
2.2.1 SURBEZTE CTP WEK

T2 B FE 813t v & IR RE T A0 WD < 0
100 mL p4 1, m A 46 7] THEIC 4. 698 ¢
(0.018 mol) , 5 & ki 40 mL, MW HFH T H =
40 °C,Hm A 0.365 mL(0.0029 mol) BF, - OFt,, %4>
B A5 T im 49.95 g(0.54 mol) ECH, L ECH i
T B 4 i Sn; I BEAE 30 ~40 CZ[H], i 5¢ ECH 5
k2 I 24 h, SN R e B oy B 0.7 % 1Yy
Na,CO, 7K 30 mL HhfIye ¥, 43 A HLAE , A HLAH
PS50 BN 5% 3 K PR H T U, Bk 30 mL; R 5
FHZEWRKPERR 1 ~3 W, K 30 mL; B 2 PR OKA 2
Hk, 20 H A HLAH D0 s 28 B VA R, A5 IR B €5 05 R i 1]
Witk CTP 52.13 g, Ut % H 95. 4%, IR (KBr, v/
cm ™) : 3449(—OH), 1693,1463,764 ( THEIC {4
ZeIF 45 ), 1126 (C—O—C), 749,706 (C—Cl) ;
"H NMR(500 MHz,CDCl,, §): 3.6(—CH,Cl),3.7

( —O—CHZ—‘CH—O— y; GPC ¥t ¥ 4 7 &=
(M, o) 2689 ; ¥2{H (OH) 3k 60.92 mg KOH/g; -1
BREAE()2.92; F & 34.55%; T, Jy —38.74 °C;
50 CH}K4EE -~ 19.25 Pa - s,
2.2.2 KHFEEF TGAP & MK

FERA TEFE B ve B4 (R TH 100 mL =1
Belfiih, Jm A DMF 60 mL 145 1k % ik £ oo i CTP
31.85 g(0.0118 mol) , #it #3451 J5 FFiR 5 60 °C, 41
P P21 4y A & A Ak 4h 24.55 g(0.378 mol) , ke
JG FHE ) 90 CHEdE R I 48h, 2 I 58 BG # at g
I 2 ] A 4 T, ik He 2%t 38 AP 1 KRR 43 1 DMF, i
A 50 mL 5 BEE ], SR 5 B 50 mL K PEBR 5%
fEH) DMF JE3k0% 7 ~8 . sr A U, R B A
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(500 MHz, CDCl,, 6): 3. 4 (—CH,N,), 3. 7
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OH & 38.87 mg KOH/g; f 2l 2.91; & & &
36.95%; T, N —-39.11 °C; DSC # /7y fi# 18 B H
257.89 °C; 50 “CH} K} 9.673 Pa - s,
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i s g A, (2) 2 n(AMMO) /n(TGAP)
K 12/1 ~16/1 B}, ZEBUFR TS M, =4000, f=2.70 &4
THEAAM A HIP(GA-b-AMMO) |, K I 1 7€ D6 1k £k
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1/12 ~16,
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Scheme 1 Synthesis of P( GA-b-AMMO)
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Table 1  Effect of temperature on the polymerization Table 2  Effect of proportion of AMMO on the polymerization
post-extracting post-extracting
o . n(AMMO) .
sample T/°C OH total yield sample M, theory OH total yield
Micec o f o /n(TGAP) M. Gre o f o
/mgKOH - g /% /mgKOH - g /%
PGbA-3 30 ~40 3190 47.23 2.69 60.0 PGbA-11 10/1 4025 3698 43.54 2.87 86.4
PGbA-7 20 ~30 3069 49.54 2.71 69.2 PGbA-9  12/1 4279 4038 38.21 2.75 85.1
PGbA-8 10~15 3286 46.10 2.70 74.4 PGbA-12 14/1 4533 4174 37.50 2.79 86.3
PGbA-9 0 ~3 2038 38.21 2.75 85. 1 PGbA-14 16/1 4787 4212 36.37 2.73 85.8
PGbA-16  18/1 5041 3922 38.19 2.67 77.9
PGbA-10 -2 ~0 3920 39.79 2.78 84.9
: __ PGbA-18 20/1 5295 4173 34.01 2.53 72.1
Note: PGbA is the abbreviation of P( GA-b-AMMO).
CHINESE JOURNAL OF ENERGETIC MATERIALS bt M AT 2013 % #21 4% %34 (313-318)



316 FASEHT, BRI, Ut E, S, R, TR
*3 REBFI P(GA-b-AMMO) B ZEIH R
Table 3 The extraction effect of the mixed solvent on P( GA-b-AMMO)
pre-extracting post-extracting extracting total
sample M theory [ OH/mgkOH - g ' F M, coc OH/mgKOH - g~' f yield/% yield/ %
PGbA-9 4279 3313 34.37 2.03 4038 38.21 2.75 88.2 85.1
PGbA-12 4533 3217 35.05 2.01 4174 37.50 2.79 89.3 86.3
PGbA-14 4787 3326 32.05 1.90 4212 36.37 2.73 88.5 85.8
PGbA-19 4787 3101 44.68 2.47 4200 38.87 2.91 86.7 82.9
PGbA-20 4787 3206 38.66 2.21 4388 36.70 2.87 88.1 83.8

H1 3% 3 AT UL, B A W R % P(GA-b-AMMO ) # iy
M AEBUSCR BT, 2B M, 5 F B4 35K IR B 1 32
F+,M, H 3100 ~3300 [ F} % 4000 ~4400,fH 1.9
~2.4 FIHE]2.7 ~2.9,

7 4 5 P(GA-b-AMMO) Z Bt i J5 i) GPC il i %
PR, 3 4 EW SR HRA AT P(GA-b-AMMO)
A ORI AT, 25 S B Tk 55 SR ) 0 2 it B K B
Bk TR G R ZEBRCR B R RTE T R NBES T
NG ¥ Z TR, ATk 5 T2 AT, IR I — 3R
£ 5 B — YR A R 40 R Tk B 5T R AR U R

F4 RGEREBECR M GPC RAE

Table 4 GPC characterization of the extraction effects

pre-extracting post-extracting

sample M content content content content
npeakl /o npeak2 o/ npeakl /o npeak2 /o
PGbA-9 3806 97.0 635 3.0 4146  99.5 654 0.5
PGbA-12 4123 95.5 568 4.5 4396 99.2 574 0.8
PGbA-14 3752 97.3 653 2.7 4381  99.3 651 0.7
PGbA-19 4020 95.8 499 4.2 4504  99.0 547 1.0
PGbA-20 4138 95.4 571 4.6 4663  99.1 586 0.9

AT Sca/Sawno =3S5.4/2 S0, 858 o I 2 AT A0
Sy . =57.184,S, ,, =29.978 i 1t 11 % A 15 H
F SGA/SAMMO =3 x57.184/2 x29.978 ~30/10,
5 n(GA) /n(AMMO) #1iE{H 30/12 ¢ b 43, iF—
B RWIZBR N R G R AT . R T —
5 P(GA-b-AMMO) 5 # , #4577 C NMR [&] 3 43
BT, 25 FEAE B AL 24 0B W )T 8 I 4 TR o

1 )

T T T T T T T T T T

T T
100 9.0 8.0 7.0 6.0 5.0 4.0 30 20 1.0 0.0
chemical shift

T

B 1 TGAP 'H NMR [& &

3.4 P(GA-b-AMMO) £ $: ¥ R1E

P ( GA-b-AMMO) 1y 3 4 25 #5 7] FI'H NMR F0l
VC NMREE BRI, 1 A2 4 Bk ¥ B
TGAP (n (THEIC)/n ( GA) H i (i H 1/30) 5
P(GA-b-AMMO) ( PGbA-9, n ( THEIC)/n ( GA)/
n(AMMO) {8 1/30/12) 19 ' H NMR &%, & 3
1 P(GA-b-AMMO) (PGbA -9) fy"*C NMR [&]ji

HI BT I 2 FIAT AR 2B 008 8 290 3.4 kbl GA
AT 5 —N, M B —CH, 3R (3 2 4~ H R
F)o B2 5K 1 MILZM T 6 =097, %1%k
AMMOSEST H 3L | H 7 1 6 4R 04 (38 3 4~ H R
T) o P(GA-b-AMMO) H1 i) GA 5 AMMO [ i 75 [t
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1’1. M’

TGAP i — 28 [H i P( GA-b-AMMO) T, th, H& s 5
T, 55 —39.21 °C; (3) TGAP .P(GA-b-AMMO)
1 PAMMO $S E PE 34 Bk 8 10 2 19 FAi e 1,
1M =& DSC $3fiff il B 1 hy & WA W A0 iR FE 34
FasEHE 254 ~266 CZ |,

%5 TGAP PAMMO HiI P(GA-b-AMMO ) %) #4 : g £ AE
Table 5 Thermal properties of TGAP, PAMMO and P(CA-b-AMMO)

sample M Gec T,/°C Ty/C
TGAP-1 1890 -47.80 254.95
200 180 160 140 120 100 80 60 40 20 0 TGAP-2 2755 _43.90 257 24
chemical shift
PAMMO 3010 -40.37 265.71
PGbA-19 4200 -39.21 257. 98

3 P(GA-b-AMMO) 1" C NMR [& 3
Fig.3 " C NMR spectra of P( GA-b-AMMO)

b d c h

\ (f:HQN3

H—+CH,0 CE€Hy3~-CHOCH,3-CH,OCHN

| |
o AN CH,
T | (|7H2N3 (|)H2N3
fooa f 9 e CHZCHZO-4CH2CHO->y—(—CH§(|)CH209y,—H
CHy

CHyN, O> CHoNs Gl

4 P(GA-b-AMMO) 3" C NMR [& i fit i
Fig.4 The analysis of the "C NMR spectra of P(GA-b-AMMO)

I 3 FIE 4 ATH: 8,5 56 1505 (2 4b) 5 AMMO
B o —CH, MR IERR AL 22 AL R W8, 8,1 1y i o5 (D AD)
i AMMO 75 H 2R G5 (9 5 IR 05, 85, 54 5500 (C AL )
GA BE4T I —CH, N, Y FRRAE I, 855 50 55,55 (d Ab)
AMMO 35 H—CH, N, [ RFAEIE 8¢, o5 6005 (€ 4b)
7 GA HE 45 i —CH,O—/y F¢ ik 5, 6,, 05 (F 4L)
AMMOE T i —CH, O— I FEIE U , 8,5 61 7574 (8 40)

AN
7 GA BETT HfRURK ( /CHO— ) B FFAE I 8,45 06 (D

b ) e e ) THEIC [k SERRAE 06 o BT A HREAE Bk k2
iAW 5 P ( GA-b-AMMO) [ 25 #4) 35 A6 X I, 45 & 1l
T 25 1 A L0410, % W, GPC 45 43 Bt £ 418 7T 241 BT & A 1)
LRt R LA THEIC S s 71 P(GA-b-AMMO)
3.5 EAYRHERERIE

AKX TGAP, P( GA-b-AMMO) L) 2 AMMO
Ry A AR (T,) MR R (T,)
GERMES, HES AW (1) X F TGAP kUi, b &
M, &, T, S TR (2) XFFP(GA-b-AMMO) 3k
Ui, 5l A AMMO LR 5, M, BRI 73 1000, {H
TRl A AMMO ¥R Y T, y —40.37 °C, UK
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NCH,CH,0CH,CHO5—CH5CCH,04—H

3.6 BEYWHFHRERLE

LLIPDI g BRI, 43 51 5 AN 6] 43 F 5t 1) TGAP Fi
P(GA-b-AMMO) il Ji& 2t Jig k-, M, Xt 71 2% ¥k 58 11 52
Wi, LA & AMMO ) 51 A X 5 R4 g 2% 1 BE A 5% R .
TR RIEGE R LK 6, BiFo6 AW (1) X T
TGAP R, B M, (1 B FF, 5 55008 ) 2% 18 B 1
B TREAR , EH 5 AR I A R s A T o LR
S M, BN R 7 A SR T TR I ) 45 58 Bk
R AR, P A R R R 7 L feh R AT T RARA
(2) 5534501545514 1890 i1 2755 1) TGAP # L,
M, 3 4200 (] P(GA-b-AMMO) LB T 847 1y 117
PERE , H IR ) 2F R B A TR B, iR B 2. 04 MPa, i T
i R0 A s B b R T AR B 261 % R F RS R
Rk TCAP $2 29 2 %5 AR 58 B2 A it 3% 1 5%
TGAP ¥4 firf 7 . X R G5IA AMMO B & IF M,
i1 2000-3000 42 12 5] 4000 7245 5 , K& 7 19 J1 2 1k
AEA W1 ks .

&R 6 TGAP Il P(GA-b-AMMO) st 1 Jy £ PERE(R =1.0)
Table 6 Mechanical properties of azide polyurethane elasto-
mers with TGAP and P( GA-b-AMMO) (R=1.0)

sample Mo 20 °C -40 °C

’ on/MPa & /% on/MPa g, /%
TGAP-1 1890 1.673 75.4 62.054 31.835
TGAP-2 2755 1.053 93.4 43.747 39.084
PGbA-19 4200 2.040 261.0 80.70 43.10
4 #

LA M, g 2500 ~3000 = B Rl FE i M R 44 K
TGAP k4 TR, AMMO 81 2 I 5 - FF 55 2
At

2013 % #21 4% %34 (313-318)



318

FUGHL, WEH PR, M, SEULE, G, Dhikfe, TR

G PAG— TS R A ) P(GA-b-AMMO) M, 15 3|
4000 ~4400, 58 EE TGAP 4 1t , P( GA-b-AMMO)
R B R BER I T AAF ) 7 A BRI AT (R R A
) 261% B8 T & A RE TCGAP 549 2 %,
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Synthesis and Characterization of Hydroxy-terminated Glycidyl Azide-b-(3-azidomethyl-3-methyloxetane) Copolymers

LU Xian-ming, JI Yue-ping, LI Na, MO Hong-chang, LI Lei, YAO Yi-lun, XING Ying
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Trihydroxyethyl isocyanuricate( THEIC) using as initiator, trifunctionality glycidyl azide polymer ( TGAP, M, =2500 ~
3000) with nitrogen heterocyclic ring structure was synthesized by cationic ring-opening polymerization of epichlorohydrin and
azidation with NaN,. A novel azide binder glycidyl azide-b-(3-azidomethyl-3-methyl oxetane) copolymers (P ( GA-b-AMMO) )
were synthesized by polymerization of 3-azidomethyl-3-methyloxetane (AMMO) , using TGAP as a macromolecular initiator, and
its structures were characterized by Flourier transform infrared spectroscopy( FTIR) , nuclear magnetic resonance('H NMR and "’ C
NMR) and gel permeation chromatograph ( GPC). The effect of polymerization temperature and ratio of materials on the polymeri-
zation were investigated. The appropriate polymerization conditions were as fllow: n(BF, + OEt,) /n(TGAP) /n(AMMO) =1.35/
1/12 ~16, the polymerization temperature was 0 —3 °C. The results show that the polymerization is controllable in this appropri-
ate polymerization conditions. The total yield of polymers are above 80.0% , functionality = 2.70 and M, (4000 ~4400) are
closed to theoretical value corresponding. The mechanical test indicated that P ( GA-b-AMMO ) had better mechanical property
compared with TGAP homopolymer. The mechanical strength of P ( GA-b-AMMO) /IPDI is 2. 04 MPa. The elongation could
reach 261% (20 °C), which is about three times as much as TGAP/IPDI.

Key words: polymer chemistry; epoxy chloropropane; 3-azidomethyl-3-methyloxetane; controllable polymerization
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