1= IR PE RS 5 77 CE-PBAMO 195 1, 261

XEHS: 1006-9941(2010)03-0261-05
= HE PR EME %5 & 7 CE-PBAMO HJ & AL

T, M A, & &,

(BRIEARMFET R, KE H% 710065)

K, k&0, & &

OE DUV T R R e Sy JRURL K AN R R S A S, B AR O AR B AR A AL R, 7E NaOH 1R T T & K 3R S &
3,3 - XU P BB T ke (BBMO) o DA B EE W AHBE B AL 7], BBMO T /K A A Bt vh 28 B AL BRI S b il 4t 3, 3- X0 & A
LA T e (BAMO) o BAMO 28l 7 T 35 58 &l i % th #0297 7 & (M) Jy 3000 ~ 4000 [ 1 R ) PBAMO, PBAMO £t
2,4-HIE Z RN (2,4-TDD) 5 1,4-T ZFE(1,4-BDO) 37 4% B W] ] 4 i " 4% i) PBAMO (CE-PBAMO) . FIZLAb M =i 3B
3% \DSC | GPC Z&%f ik (iR ¥ 1 CE-PBAMO HYS5H AR K WAL PEREHEAT 1 3R, 455138 W], BBMO W& 5 4l i 4y 512 81%
#97.2% ;5 BAMO WA 542 53 5 80.9% M 98.37% 5 JAIHE RS (i Ak il # BBMO Fl BAMO H A YR i (4 L 2 Ph 4
SEFE L BTG LR CE-PBAMO 9 M,y 38933, AT ALV il , 20 °CIRF S ik B2 17 1% 12. 7 MPa, AT /E Jy g REPI MRS 550, T T B oA

3R AR 2L AT AR 24 R A

KW mo e MEBAEL; 3,3-X0R P HEE IR T (BBMO) 5 3,3-W & A A T b (BAMO) ; &1 BAMO

(PBAMO) ; #"%% ) PBAMO ( CE-PBAMO)

HESES: T)55; 063 MEKARIRAS: A

DOI: 10.3969/j.issn.1006-9941.2010.03.005

1 5

il

3,3- S AW B AL T 4 (BAMO) BK 1 A
it ik 50% , H AR ¥ PBAMO 4% ik 77 ~
78 C, 9 B AL ¥ AZ W B (T,) 8 —=30.5 C, % EZ N
1.35 g - ecm U 72 A p#cl +419.3 k) - mol 7Y%
SEREME P E PBAMO ] AE & Al A B8 1 3L 44 (ETPE)
MR IFRERE S 7. DL PBAMO Sl EE 3 4F K [H P AT
wELG T A T BAMO-AMMO . BAMO-GAP .
BAMO-PGN .BAMO-AMCMO %5 2% %1l ff) ETPE!*° 7"
W2 T 25 Fh 2 A TR 375 s 2

¥ 4 PBAMO ( CE-PBAMO) J& Hi P ' RE Ji£ 1
PBAMO i R ¥) 5 — 5 SFURR g S W J 7 50 B2 TG ik F
Ui 1 TSR W, AR JE /N Gy F s BE YT EE & T .
CE-PBAMO H A IR, i T A& B 7, i 2 A
e 4 i M R R (EL RSP AR AR R A 1 B 1 5 LA
SR WORT TR R ST R A M R
EAEBACHAE AR I T & R T2 AR, A 3R
(recycle, recover and reuse ) M 2 3 R TR 2 1 10

Wi B #A: 2009-09-04; £ [E H#: 2009-10-28
EB®A: SEUI (1970 ) 55 W+, & S LRI, S & R K 5 ) &
MAF5E . e-mail: luxianming1220@ 126. com

CHINESE JOURNAL OF ENERGETIC MATERIALS

A LA, 1, 1= R T B Y e
(TBMHMM) Sy J5URE, 22 5636 B /AL B 2 3R 9 6
S ROV A B T CE-PBAMO, 584 PEBE SR AR 1 T
EPN PSSR €T

2 IBWES

2.1 [FE# R Es

JEAERE: 1,11 - R PR R AR, Tl
T B RFFH VR R R A A] s + ke ik “HIER
FEEA L (1227) ,40% JK W, Tolk b, 1o H 4B 22
wl s ERACE, Tl dh, W2 PR R A AN
AN B AL O 4% S W) (BF, - EL,O) (1,47
ZE(1,4-BDO) (A RERR T R (T12) 2,4-K
TR RBRME (2,4-TDI) U S K g (THF) 224 17 8 1k
el R R T T R AL B (TBABr) , 3
Mraf, K idm e TA RS A Hob Z 50 be e ]
Hif 7350t T4, 1,4-BDO i AT i 7 040 85 77 72 T IUE
MRl

%% 3% [ Nicolet % 7] Nexus870 B 41 4h i
1Y ; #85 E Bruker /2 & Avance 500 MHz #8 S 4% wf L 4R
A w [ E R R R A g 2 W) WZS- T B ] DL 470l
10 25 B2 7 HP1100 Y RO A (%A% . D [

Btk A A 20104 # 184 #34# (261 -265)



262

R, T, B Y, XK, KBRS

PL Zx 7] GPC-50 BIEEI 5 i (il s 815 Knauer 23
7 K-7000 B IR E S B (VPO) 5 S TA 4 7l
DSC-2910 7 3 44 48 B7 41 5 {¢; 3 [ Instron 2 7
Instron 6022 77 5e #1 B 56 1 ; 35 [E Brookfield /&
H) CAP-2000 + i ARG BE 1
2.2 S A

FERAE >R FH ik WE -y I 32 4% B Q/AY001 - 2002 F5
W . GPC IR A& IF: €338 K g PLgel M IXED-E
RO WRENAHS THF; AR 40 °C s K& s 224
DGR I 2% o

2.3 B
AR LS LT
CH,OH
T NaOH/H,0 NaN3/H,0
B, LG CHBr TE32AB /}C TBsABZ /}C BF;DEg -
CHzB oluene r r
BBMO BAMO
CHoN CHoNs D
HO—-CH,— C CH,0--CH,CH,CH,CH,F-0CH,— c CHZ—}—OHB——CE PBAMO
CHN CHN
2 PBAMO 2

2.4 BBMO &K

7E 1000 mL = FJfi H b A 300 mL HEZE g fEF
fm A 162. 5 g (0.5 mol) TBMHMM, 8. 05 g
(0.025 mol) U T FE VR {7 ,53 g(0.525 mol)40%
NaOH /KW, FHil 2 95 °C[ul it ) B, 22 Bl 5 pH
., pH =8 {5 1k S i o 43 Al , K SR BOR A
BUAR M 45 )5 7E 100 ~200 Pa s He Z& 18, e 4 b 72
65 ~75 CHYMH 4y, 75 TCEWAK ™ dh 98.9 g, IR N
81% o Z R BAR S 7 i i fioh 31y B 722 Sy 1 €0 R ot 440
HAE AN 23 ~24°C; nf Dl 1.5421; IR,v(cm ')
985(¥% C—O—C), 656 (C—Br); 'HNMR, sH
(CDCly): 4.43 (s, 4H, 3% L&), 3.85(s,4H,
—CH,Br),

2.5 BAMO W&/

16 500 mL = O AR A 122 g(0.5 mol)
BBMO,300 mL z£/# 7K ,8.05 g(0.025mol) Py T FE R
bk e FE TR 2 65 CHf % Ik m#, st m A 78 g
(1.2 mol) NaN, , /¥ E & & A U] B i o B 4, 45 1l
NaN, el sk B2, i iR A /& 7 70 °C; s NaN, 5
Zitg iR 2 80 °C, i 10 h, B Z =G 50 A L
A, KA T 200 mL CH, Cl, 43 9§ IR 25 B, 4% 28 B0 T
AR I FEE K Ve B0, s i A ML 15 g
IKBRERBE T4, B 12 h, ok U8 5 v 46 45 1% 8 (0 L
77.8 g, 3R J57E 100 ~200 Pa 5 JE 2518 (1 B %4 b
o) AR B AR 70 ~80 CHYIE 7, 159 JC (4 W 4R 7™ ity

Chinese Journal of Energetic Materials, Vol. 18, No.3, 2010 (261 —265)

68 g, Itk 80.9% , n, K 1.5057; IR,v(cm ")
984 (3 C—0O—C),2108,1283(—N,); 'HNMR,sH
(CDCly): 4.41 (s, 4H, 3 L4 ),3.70 (s, 4H,
—CH,N,) 5 JTRITA S 2R 49.90%
2.6 PBAMO Hy& K

10 mL (0. 09 mol) BF, - Et,O fif A %] 18 g
(0.2 mol)1,4-BDO 5 500 mLCH,Cl, 41 & ) % i
L E IR R BEHE 30 min J5 R i 672 g (4.0 mol)
BAMO B 5 il 3 4 &0 i BE < 30 °C. 3 b 58 ¢
JETE S T a4k s % 72 h, i 500 mL &4y B0k
2% 1) Na, CO, KR Z 1k RN, A HLAH K 9k 2
TAHR) 2 He 4 5 92 12 A AL T 3 PR AR ZS 19 3000 mL
TooK CBERULTE , U8, THEEEGHE 640 g 0
KRR B AR RS, 77 R 95% ~97% . IR(v,,,,
cm ') 3347 (—OH) , 1102 (fik C—O—C), 2109,
1290 (—N,) , 58 2 F A 2| BAMO 4K i1y 31 AR Bk 78
980cm ' 4b A A W iU o
2.7 CE-PBAMO HJ& R

TE 250 mL = L H 4 39.3 g (0. 01 mol)
PBAMO T80 CFA 1 ~2 h J5, A 80 mL T4
THF,3.48 g(0.02 mol)2,4-TDI, 3§ T12 JE &, Ft
WmE 62 ~64 CRH N 2 h JFMAO0 9 g
(0.01 mol) BDO, 4k £ 4 ¥ |l it ;2 i 20 ~30 h, Ff
SRV YR TE 7 T T B BT A 4 I 2 R 4y U Ak
W 9], I e 4 T AE) A 300 mL TG K & B H UCUE , i
U BT 5 A5 1 EORLAR [ 4 39.8 g, A 91.1%

3 &HR5WiR

3.1 HEBELTAEX BBMO KM

35 NaOH 5 TBMHMM EE/K .l 1.05 @ 1.00,
SR DO T R A B B A RE I E AR R Y pH L,
pH =8 {5 1k ST BT T B i A6 550 i F i3 i 2
Mg I 1

R MR A E BBMO Wi 52 e

Table 1 Effects of the amount of phase transfer catalyst on

yield of BBMO
n(TBMHMM) /mol n(TBABr) /mol t/h yield/%
1.00 0.01 =96 56.0
1.00 0.02 =48 60.0
1.00 0.05 8 75.8
1.00 0.09 8 75.5
1.00 0.10 5 77.8
N K www. energetic-materials. org. cn
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Table 2  Effects of reaction time on yield of BBMO
t/’h 0 0.5 2.0 4.0 5.0 7.0 8.0 10.0 14.0 16.0 19.0 24.0 30.0
pH 13 11 10 9 9 9 8 8 8 8 8 7 ~8 7 ~8
yield/% 0 75.8 76.0 81.5 82.7 82.9

R3OMER AL 5N & BBMO B4R AR

Table 3 Comparison of synthesizing BBMO with method of phase transfer catalysis and solvent

method of synthesizing condition pH of terminal point W, efraction/ % Wit/ % yield/ % np® purity /%
method of solvent 4 h/70 °C 5~6 10 25 65 1.5356 94.7
method of phase transfer catalysis 24 h/95 °C 8 9 10 81 1.5421 97.2

Note: pre-fraction; CH,O,(CH,Br),C =CH, ; relict is TBMHMM and ether which condensates by TBMHMM'®!; n%’ =1.5400 ( Beilstein).

3.4 BAMO Wil & F LI tL 4

Ay FILAPY T BV A B Rl 1227 =ik AR B A4k
#L % T BAMO 315 DMF 3013 0 4 kAT
P, W34, mi4 aTLIEH: (1) 5 DMF %512 A1
Fb B 5% B 4 Ak B ] 4 BAMO Ui 3% 55 0, 45 B 55 5
(2) 55U R L, A0 B i 1h 1% BN B TR K 238 8L
PR R A1, % 2 i H S B ALBE R R . NaN, B %
FK AT T iR R DMF Z i HAR% T — i
MA HLE R A ZE g R 5, T NaN, FLE B T fg
BT AN SR RNTN  FH L HSER
P R4S LLEAT o — B R U Bl 2 2 i R FH St 19 185
B AT, H 2 B AR S R NN FEA HLAH
CIE A B M TP 28, (3) [ ZEsdh (A 1227
AL RO R an g T 3R IR Ak B 4F . (4) LA TBABr
AL B 77 R Ry 80.9% L, BR IR T Sanderson #f
WY 85% 1, LA HLE MG B 1k R SR S B T R
0, (F LA 38 oy i B AT, DA OK SR RO A BT AT kE A
DMF 35 750 B 1815, (5545 J2 07 9 46 4 BRPR RNt o

CHINESE JOURNAL OF ENERGETIC MATERIALS

R4 MR SEFES % BAMO 145 R i
Table 4 Comparison of synthesizing BAMO with method of

phase transfer catalysis and solvent

method of synthesizing vyield/%  np purity/%  condition
method of DMF 60.0 1.5011 95.47 4 h,80 °C
method of 1227 67.8 1.5049 97.30 8 h,80 C
method of TBABr 80.9 1.5057 98.37 8 h,80 °C

Note; n?’ =1.5054010,
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7, 7E Bk BAMO 4 ) % 97.0% ~98.0% , /K Jfi & 4y
B 0.1% ~0.4% I 4 1FF  BFSE T Ak 300 ok 38
N rAAioh AR T e
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Table 5 Effects of the amount of catalyst on the polymerization of BAMO
sample Mgty . 6,0/ M 4800 / NBAmO induction period/h M, (VPO) OH f
PBAMO-9 0.4/1/20 no polymerizing - - -
PBAMO-10 0.5/1/20 27 4244 28.54 2.15
PBAMO-21 0.7/1/20 24 3869 41.64 2.18
PBAMO-22 0.85/1/20 5 3095 31.59 1.74
PBAMO-27 0.85/1/20 5 3396 29.50 1.79

Note: M, is number average molecular weight. OH is hydroxyl value. fis functionality.

HES TRAEH: 2 Ny o/N aspo <0.4/1.0
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ZEA I GRS R WA, KT 24 b i g A R
Mt 2, — BJa gt semixE sl 5 508 R 4
PR 0.85/1.0 I, iFF M 5 h, Bohidh , B a
B o G s AR R BBk 0.85 /1.0,
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PR 2,4-TDI I 1,4-BDO 1 #KHL G L T 5 51
CE-PBAMO, H.Jy*#PERERAE W 6. 3k 6 Al L.
(1) K 2,4-TDIF11,4-BDO LGy 34 hm, Bir & B
CE-PBAMO i {1 5 J32 B o 18 4, S fift 28 ) & 25 B AR
(2) Fr4 i CE-PBAMO-2 il CE-PBAMO-3 7E 20 °C
IR A 55 B2 53 550 S 8.7 MPa #1 12,7 MPa, {ft F SCilik
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Table 6 Mechanical properties of CE-PBAMO at 20 °C

sample Npgamo / M2 4101/ M aspo Mo (GPC) o /MPa &, /%
CE-PBAMO-1 3/4/1 22300 3.3 154.4
CE-PBAMO-2 1/2/1 17928 8.7 95.2
CE-PBAMO-3 1/3/2 38933 12.7 35.3

Note: o, is maximum measured stress, ¢ is maximum measured

strain.

G CE-PBAMO-3 HoA 8 43 M BE R AE 45 2R WL 3%
7. MER7 Al (1) CE-PBAMO nJ &1LV fift , A= A
g +432.6 k) - mol 7' B EIL1.28 g - cm T’ KB
Hohym R IBIE RS G 50); (2) CE-PBAMO-3 1 T, #¢
5,35 40.88 °C; 20 °C i fE {1 28 LA /N AU Hy 35.3% ,
LG LR CE-PBAMO-3 45 5 & FE 3¢ ; A LU &
HUE TR Y PBAMO 1 431, KON ) RHEC e AL
HORBRARSS S, LSRR R e A i B
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%7 CE-PBAMO-3 [y 41 B
Table 7 Partial properties of CE-PBAMO-3

item property item property
T.p. /C(DSC) 68.89 M, /M, 6.94
solvent acetone, THF || T,/C 40.88
temper:ature of 100 ~110 T,/C 257 4
using/°C

M, (GPC) 38933 AH,/k) - mol ! 432.6

M, (GPC) 270036 p/g - cm™ 1.28
Note: T, , is melt point. M, is weight average molecular weight.

T, is glass transition temperature. T, is temperature of thermal

decomposition. AH; is heat of formation. p is density.
4 # it

(1) MEREAEILIL S & BBMO 5 BAMO A %
o AR RE G 22 A AR A R — PO BRAR Y ) A T Tk

(2) P ) CE-PBAMO I 5 {35 i, 20 °C i
PR BE 3K 12,7 MPa, al 1y i R #O8 PR 45 750
T HAT 3R LT AL R A 25 f7 A9 i 45 o
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Synthesis of High Energy Thermoplastic Binder CE-PBAMO

LU Xian-ming, GAN Ning, XING Ying, HAN Tao, LIU Qing, ZHANG Zhi-gang, LI Lei
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Using water and toluene as solvents,and quaternary ammonium salt as phase transfer catalyst, under the effect of NaOH,
3,3-dibromomethyloxetane (BBMO) was synthesized by the cylization of 1,1 ,1-tribromomethyl-1-hydroxymethyl methane. Using
water as solvent, quaternary ammonium salt as phase transfer catalyst,3,3-diazido methyloxetane (BAMO) was obtained by the
substitutation of BBMO with NaN,. The prepolymer of BAMO (PBAMO) was synthesized by the cationic polymerization of the
monomer BAMO , and it had a number average molecular weight from 3000 to 4000. The chain-extended PBAMO ( CE-PBAMO)
was synthesized by the chain extended of the PBAMO with 2 ,4-toluene diisocyanate (2,4-TDI) and 1,4-butanediol (1,4-BDO).
The structure and physical chemical properties of BBMO, BAMO, PBAMO and CE-PBAMO were identified by FTIR, 'H NMR,
HPLC,DSC and GPC. The results show that the yield and purity of BBMO are 81% and 97.2% ,and the yield and purity of BAMO
are 80.9% and 98.37% ; the synthesis of BBMO and BAMO by phase transfer catalysis possesses advantages of safety, high yield
and high purity; the synthesized CE-PBAMO which has a number average molecular weight of 38933, can melt and dissolve,and
its tensile strength is 12.7 MPa at 20 °C, it can be used as high energy thermoplastic binder in the manufacture of the new type of
combustible cartridge case which has concept of 3R( recycle,recover,reuse).

Key words: polymer chemistry; phase transfer catalysis; 3, 3-dibromomethyl oxetane ( BBMO); 3, 3-diazido methyloxetane
(BAMO) ; prepolymer of BAMO(PBAMO) ; chain-extended PBAMO ( CE-PBAMO)
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