W16 % 45 W & EE
CHINESE JOURNAL OF ENERGETIC MATERIALS

2008 4£ 10 A

w7 Vol. 16, No.5

October, 2008

XEHE: 1006-9941(2008)05-0614-04

GAP B BB MEMEN G R ERIE
ERE, ERY, LT, AER, KR4

(AR EIAFMIT ¥, TH BR 210094)

WE: LIRS RS R A K TR (CAP) BB 4,4/- T A 5L H e — S4B g (MD1) 1 1,4-T — % (BDO)
SR B SR S F TSR 20 4 T — Pl e R B R S 2 8 1 R AR I R A R (ETPE) o B E T R
REIE) 2 2 b, AR T 3 do SRJTLLAME (FT-IR) BAE 347 (TG) (22 /R i i # (DSC) Jy 24 R RE I 3L L 3 3
PAUBIT BT (DMA) 55 53 47 I I B AR X ETPE (9 PEREMEAT T RAE, £5 R £ W], 4—NCO/—OH ¥ By & L (R ) N
0.98 , fifl BE R T 23 15 1 N 40% I, PRIB P Sk (A B0 B B SR B O 6. 12 MPa (1Rl T1% 5 1EFi 1% ETPE w5 5
AEHY SR XL (2,2- TR HE U HE ) 45 Y%/ 4 T (BDNPF/A) J5 , SE i 324 BT R B o

KEW: AL TR SR AT A A K H I EE(GAP) 5 A 882y, APtk

hESES: TISS; TQ562

1 5]

AR AR RGeS B2 52 T R ) i AR AT
FE T 2SR AR BBURR 2 B & I 245 3 ELAR 2 5L PE RN R e 1Y
RE R TR B K S 2 BE KT 1 [R] ), A7 Rk ks e 5
PAPERE , 32 = AR 77 EAE R B AR T A, LR
21 20 S B 24 R R 2 g s B Oy i SR e B
PESRPEAR (ETPE ) B A A J2 Atk A T 180 I 4 /=1 RE L AIG
Gyt F v R A R R R ek

P P A2 5 1 A I 2R R S A R ATl P
RPERE RO EESR D EER T R 20 v R R R
T 990 2R i 72 ik & R4 /K H Wil ik ( GAP) BA i 1) BE &=
FEE B B RR Pk R AR 8 M B AR B M0 IR
BE, SHEH RV A A R AR A, A IR IE (S 5 Al
R R B 5 . BATE R B M R B
(LOVA) s 25 58 e R 45 5 W 92 02 A% 0, S T
o HERRAWIERMS N Z BT KIE R BN
PR THALERYTZER ., GAP IR M
TRAE R K 558 25 DR 25 5500, AT LAY J2 K 33 24 %o 0 2 Pk e
SR AT A [ 1Y & Tl o

KT GAP J: (% ETPE & s A — L0 5T, 41 2001
4F, Sylvain D' ] GAP,4,4"-— % 3L F e — 55 40 1R g
(MDI) 1 2 ,4-J WA T & B8 I Pk Bk 4, 32
—NCO/—OHY) T i 1t Lk (R) JefEJE I 7 0.7 ~ 1.2,
Fxt He g 45 7 IR ' HNMR Hl "CNMR 4347, 45

il

ks B 29 : 2008-08-06; & [E H & : 2008-09-22
fEER AT BEHEE (1980 - ), 4o, W44, BF 58 07 10 o & BE A BE A AR K

1.7 . e-mail; jxx259@ yahoo. com. cn

MEKARIRAG: A

A ETPE %) 5 & 2518 &, H Al & & )W . 2003
4, Ampleman G'"' FI R[4 F 8 19 GAP MDI FI 2 ,4-
BEE R T — &8 ETPE, Jfll & T ETPE 4} ¥
SN R BC T B RE A AR AR R I, AR SR DL GAP
MDI A1 1,4-T B (BDO) Jy J5 kL, I il 7 2R 14
() B W ETPE 3 i /& A& 5 245 0 2 Ve I 255K
TEFE e g 950 BDNPE/A (fRi PR A,) XJ fF 45 ETPE i
T3 2R IF 40 XS 1 2 Fn sl 38 7 2 YRR AT 5T o

2 LWHES

2.1 EZHER

4,4"- R B H be 5 URR Be (MDL) |, 43 A 4l
Sigma-Aldrich; %8 % 45 /K H ik (GAP) , 4 XF 43 F it
1 3000, E£{E (33. 58 mg/g KOH) , il &, B W] 0F 5
Bi; 1,4-T [ (BDO) , fb2f4l, 1w i i % i R A
FRAT s N, N-ZF 5L R (DMF) |, 43 07 4, B ot ik
LARF A R A s W (2,2- T KL N L) 45 B R/ 45 2
% (BDNPF/A) il 5 , V5 22 G AL DF5E o
2.2 HaHE
2.2.1 ETPE fy#l%&

Wit =4 GAP T 90 CTFEAMA3 h, ARG
AAHATRY I A TR MDI, 78 90 C B 2 h, 4%
ZeIHR 2 100 °C, in AT BDO, 78 PR 5+ - 17
PR R IR B — 7 K RE, 90 C )5tk 3 d, 15 8] GAP
RIFRIAVE MR ETPE, KRG W) T DMF o i i i
VSR, P R T AR AR DU R S s A B R LR
0.5 ~1 mm [y B, IR T4 12 h, 7 T 80 C 4t
2 d,f)i 120 °C LA T4 10 h, 47 Jy 2= e pg il .



%5 4

HIREL A GAP JERAI M 30 R ) 5 B S R AE 615

2.2.2 A, % ETPE HyHl &

He B3R % 09 ETPE T DMF A i fige il i W, i
A A, HPEFRNR A 5 KR & VR AR DU IR O
BEE A RIS E N 0.5 ~ 1 mm By, 50 T4
12 h, 780 CH4L 2 d, )5 120 C Ea5 T4 10 h, gt
(WA= Rl
2.3 Rk

AL AR AT AN (FTIR) - ff 35 REFAIBE M SR &
] IR RN ] Bruker Tensor 27 {57 M-2L 41
PEAHATLLAMUR, S HE% o 4 em ™ FRERECH 20 1K

ZE78 A1 4t & A AL (DSC) p Hre Tl 8RN
10.0 °C - min "' FESHE N 3.0 mg £ 40,

JyeEPERE I I KA i 4% ASTM D882 4 i 1 i
ME4% B, ] INSTRON-3367 BUKS %% J7 fE A4 44l 56 AL 0
TRCHCAT L 8 B A G A 3 TR R O (20 £2) °C iz i
BN 10 mm » min ',

AP HL . F DMA Q800 V7.0 Build 113 il
TCRE A AR AR B A RE R B S LA IE V) (tand) | it E
JLE R —60 ~80 °C ,#i# 1 Hz, FHR# A3 C » min "',

3 ER5Wie

3.1 RAFEEYEE
SR A S IR 8] AT L@ A R T e VA I R R
O Hh S SR T Y 5 i A OR B E SR NIAT 1 B
8

7{\

1\

A

4 N,

3

—NCO content / %

—

0 1 2 3
time /h

1 BUR Y T —NCO kB IV A 25 1k

Fig.1 The relationship of reaction time and —NCO content

HE T AT LUE S, BRI 1.5 h JF—NCO% %
18R B 302 Kk B A RN R (R] ) JE G TSR AR 1Y 43 F
BT K, T GAP 1 SR 4 19 3 2 4 5 —NCO J
U B 25, )N 2 h LA JE —NCO% FE 7 3k 31| 7 5
. (3.82% ) , R AT DLIA Sy 900 58 o b 38 3k 26 A, ik
PETUR VL] A 2 he
3.2 EREENHE

A T2 fo PRI SR S Ay TR AR BRI K Y
TR, BEXTR R R A SN 58 4 S R A PR RE S 3K .
AR B ] A, AN R A 3R g 58 4 BV I ) R
ANE FEAC AR 7= F 380 A T HLE T RE R BUCR B
] R (AR TS B Ak = 2 SR OD =R R iAITd
XAk ETPE (& i L 2R R A & X, 458 Kt 2
FH SR 2 PR R A B BT R B8 S BB ) ol 3 d
3.3 ETPE f§ FTIR 4#F

Kl2H R=0.98 & Y=40% ) ETPE )

0]
H

FT-IR 5 . SR UK 1 R5AE 45 44 —N—E—O— ) &l
g5 I g A J@ T 43 5k s 3500 ~3123.26 cm 'y NH
T HC A B 0 46 AR 3h g 1705 em T O BE T AR
C=0 [H{H%: 9 06 1542, 08 cm ' Nk 1 45 NH
(972 £ PR Bl (1390 em ™' Ry Bk Ml T C—N (1 {1 45 g
g, 2160 ~ 2095 cm ' S —N, R 1E TR 0k ik,
1243.95 em ™' S C—O0—C 9 A& X B i 45 U,
1594.9 cm ™' FI1611.3 om ™ Sy 2K B [ R AT 1
3.4 BHWH
TG TR L A 0 A it ok R — M T 43 Ok A B B

T e E I AL A AR I B R 240 ~ 260 C L ARG R Z
TERERIPGE L T T T I R B B R AR
L L — Mk X . B3 B E & 40% 1
ETPE Fl GAP gk d il £k, 8l 4 Sl B &% & 40% 1Y
ETPE {#j DSC 4k,

50 1107 1401
ETPE 1
10 N 1007 R=0.98,Y=40% 1209 of
P \ 90 EN
= IVRQY; AP 100{Z-1{! i
2304 / = 8071 = g{&* f
s Loy 0 = 707 £E1° ]
£ 2] | \[\ ‘ uJ 2 601 % 601 4 armom ™0 il
§ \ = > 40_ temperature / C |
= / t | / b | 50 i
J m 0 20 '/ \f““ ......... S
04 k I \,; \ f\m\ A ] 30 0 M——_..Jr__.....« ‘
2 T T T T T T T T | - r T T T T T T 1
3000 2000 1000 GU 50 100 150 200 250 300 350 400 450 2 50 100 150 200 250 300 350 400

wavenumber / cm’”

Kl 2 ETPE #y FT-IR ji &
Fig.2 FT-IR spectra of ETPE

temperature / °C

K 3 ETPE J GAP # i 14
Fig.3 TG curves of ETPE and GAP

temperature / °C

Kl 4 ETPE Ay DSC fiik
Fig.4 DSC curves of ETPE



616 &

b

or

L7 %16 &

MIEL 3 B F ), GAP TR YILE 220 C Bif B ] 5 1Y
JeEIS, 1 ETPE (R =0.98,Y =40% ) 7% 250 °C tH B4 i
WHRE, U] GAP 5] ARG RR G e A e s

NI 4 A Y, 7E 80 °C I hy A fifl B ] 40 58 A 3 I
TR 7E 250 °C 1) W A0 Ay B B 245 i 4 Ak I AR | X
2 DR Ay 7 O e 3 BT AR A B Al B ] B A 5 0 T
REVH R, JF 5 00 B 4 dh s AL e 5 & o R A AL &
ETPE B, 5 2 B0 it O Aads 1T — M8 kb Bt
T DAE R 4 rh &R SRR B e O AR AR 59 B 2%
3.5 hFEHRESW

R EEARIR] R A AN R B o et 7t () X g 2 1
REMISZM, G LT Y =35% ,R 4352 0.90 1 0.98 1y
ETPE ik, &% R =0.98,Y 4351k 30% .40% F1 50% (1]
ETPE 3208 , X Hoht i o B2 AT A R HE AT 1 4347

S Sy A Te) B B & 5 (Y =35% ), R fH 20 5
R=0.9F1 R =0.98 ffj ETPE [Hi 38 3 -1 R 1 45
6 MAHE R (R =0.98),Y 4 %% 30% .40% i
50% ) ETPE fyfihr ik fE-E i R i &k, K S AT F
LR =0.90(%) ETPE fHrHi5s &  iE i 5% R =0. 98
1) ETPE /NF 2, X J&2 1 T R {H 8 /N T 8 ETPE 43+
SRR, DT 2R 25 i SR 14 ) 2 R AE, S0M A A 2 R4t

P B 5. 53 R =1.10 ) ETPE ¥ il i 1 72
H ORBER AR BT e, AT RE S i T R KRB
BRPTE . MIEI 6 AT | 2 4 {8 — g i), B 5 A B %
S 3G TR R B T T2 PR SR o i B A
B 2k 14 384 o0 A fifr R B A, AT P B A B Y Y
T, SRR I E B R AT 3 STk 40 B R B 1, 4 B S
HCAE 8 Ko /BB 6 38 AT LLAS ), 24 6 B & &
Y =40% ,R =0.980F , 13 2| (1) ETPE Jj 24 Mk e 4, $1
ISR BE S 6. 12 MPa, SEfH 3R 71%

K7k R=0.98,Y =40% [¥) ETPE ¥ 10% ( i
OB I T RE R R A, H S UL R RN LE R
FRMLAALE . MK T A LLE I AR A,
J&i ,ETPE By ZEM AL, Mg b, S REVHN D T
JERE R BEIEF] A, BT LABS hin ETPE 43 F i 52
DT, 434 R S ek 3 S5 o 0 3 245 SR A I A R, XA
A B AR B A B ETPE 43 7 5 A5 R 200
3.6 HBNERDW

o TNk SRR A IR 2l B A Bl AR ) 2 A
FE55 I BE 1 5 2R, %R A BE B 75 B ETPE FIZE A, 3
Y5 ) ETPE (1) 3 B -fif A A5 5 ¢ 28 11 3 -0 € #f 1E
P15 22 B I 4 1 an &l 8 (1 9 Rl 10 TR .

6 8 6
7 —Y=50% < 5 with A3\
oS o6 —~Y=40% g
<y =5 Y=35% =4 without A
= = £
B 2 I
.3 2 Kz 2 @ 2
o 4 = 2
2 5 1 s 1
39 £
1 3 ;
0 20 40 60 80 100 120 "0 0 10 20 30 40 50 60 70 80 90 100 110 40 0 10 20 30 40 50 60 70
elongation / % elongation/ % elongation / %
K5 AIF R{Ei) ETPE K6 AREE %4 YR ETPE 7 ETPE F0 A,
P75 - 2 fifr 26 iy 2k B - 2 A 2 il 2% B 5 F7 2 M fE Xt 1
Fig.5 Mechanical properties of ETPE with  Fig. 6 Mechanical properties of ETPE with Fig.7 Mechanical properties of ETPE
different mole ratio of —NCO to —OH (R) different contents of hard segment with and without plasticizer A,
6000 06
— = Y=45% 5000
g 5000 ¥=40%
s < 4000
3 4000 Y=35% <
8 3000 23000
o g
<4 2000 E 2000
S &
“ 1000 £1000
(2]
0 0
-60 -40 -20 20 60 -40 -20 0 20 40 60 80
temperature / °C temperature / °C 60 40 20 tem?)eratur%ol C 40 60 80
&8 A[F] i Bt & At #Y ETPE K9 AR B & ity ETPE [ 10 ETPE Jij A9 5§ 5
T Z -fiff REAE 1 OC & B - A BT 6 R T - R B B e B
Fig. 8 T-storage modulus curves of ETPE Fig.9 T-tand curves of ETPE

with different contents of hard segment

with different contents of hard segment

Fig. 10  T-storage modulus curves of

ETPE with and without A,



%5 H

HIREL A GAP JERAIE R 0 M UK ) 5 B S R AE 617

MIEL8 sl LU L Bl i 5 A T, ETPE (1 %
REAGL B2 W0 25 IR, EL B A5 A By &5 1) 39 Jon ik RE A
Wt OB P T e T R R K s E A R IRLE R ETPE
F14 fitf BB A A5 o S B 5 A5 1) A 3, X R W R A
P B B PP A BEAR RS 1 b 56k A, B B 8O AR
il REAE 1 O o

M9 H A, BERE i BE B AN, Sk
ETPE 55 BLH 8l 71 5% 3l 1 o it Bt 04 55 32 ARG, [ ) £
Wit 57 ~F v WA O P 384, U P = R i v B BEAH 4 A
VR R A LA B Y A R S B R K
R B B B R) B ER 22 , AT SO 20 S R A A
FEARIE

M 10 Hn] DUF Y, 35— E 8 3 B850 A, 1Y
ETPE(Y =40% ) , HAf AE RS i A LBt it B2 1) T
T MR JRE R S T 3 BB 50 ) ETPE /), Bl B/ o 1 3
SRR B A7 AR IR BB/ T W B S IR M B A TR R, A
17T ok it FE AR A1

4 HR5R

(1) #EJH GAP B4 MDI K BDO 2y 2 J5UR},
K 8 A T RE AN B B A, A B
Y=40% ,R =0.98 i, £+ ) ETPE Jy=z ML R4, 4
PLSEJE N 6. 12 MPa, JERNy T1% .

(2) FEPr#+ ETPE b S il 3% fE 4% 28 55 BDNPF/A
Ja AR RAT B R RE T 20— P B
% Xk :
(1] ARAEH. 21 ARt B 4025 (2) « IR i 2 5 26— i Ly 3%

25 A AHEEHUIBR (1], K252 ,2003,26 (4) : 1 -4.

XU Fu-ming. The insensitive high energy propellants in the 21th
century[ J]. Chinese Journal of Explosives & Propellants, 2003, 26
(4):1-4.

I SRR AT SRR R ()], e S o T
FORF,1999(4) . 1 -10.

FENG Zeng-guo. New advances in the synthesis of energetic binder
[J]. Chemical Propellants & Polymeric Materials, 1999(4) : 1 - 10.
Zo A BB W . I R R R AR 23 2 Y 2
AL KM 2522 41,2000(4) : 58 - 60.

DUO Ying-quan,LUO Yun-jun,LUO Shan-guo. Quantitative estimate of

[2

[

[3

[

phase segregation of a new type of thermoplastic polyurethane elastomer
[J]. Chinese Journal of Explosives & Propellants 2000 (4) ; 58 - 60.
[4

[

Paik Sung C S,Smith T W,Sung N H. Properties of segmented polyether
PU based on 2 ,4-TDI[J]. Macromolecules,1980(13) ; 117 —121.
[5] EFL. SREMERIEIM]. ISR M/R I Tl R R ,2006.
[6] Sylvain D, Andre M, Ampleman G. Energetic compolyurethane
thermoplastic elastomers: Canada,CA2330713[ P]. 2001 - 09 -02.
[7] Ampleman G. Heats of combustion and formation of new energetic
thermoplastic elastomers based on GAP, poly NIMMO and poly GLYN
[J]. Propellants,Explosives , Pyrotechnics ,2003,28(3) : 101 —106.
PRt 2e , 2354, B IS 75 55, OB B FA AR I 3R IR AR AR 5 50 1Y
BRERIET]. S350 KIE #H0R ,2000,21(6) : 21 -22.
CHEN Fu- tai, DUO Ying-quan, LUO Yun-jun, et al. Synthesis and

—
oo
—

characterization of novel thermoplastic polyurethane as thermoplastic
elastomers propellant binder[ J]. Missiles and Space Vehicles 2000 ,21
(6):21-22.
[9] BiWiEs 2 ub A, 1R 0d , 5. BUARE L08R el o feoR [ M ]

He P E A AR R ,2000.

[10] ZIFHE IR, BB 5%y, 5. 5 %l 2501 1 i #4033 ) 24 B 52
[11. Biffk2:,2005,22(8) : 861 —864.
YUAN Kai-jun, JIANG Zhi, LI Shu-fen, et al. Kinetics of thermal
degradation of polyurethane elastomers[ J]. Chinese Journal of Applied

Chemistry 2005 ,22(8) : 861 — 864.

Synthesis and Characterization of GAP-based Thermoplastic Elastomer

JIAN Xiao-xia, XIAO Le-qin, ZUO Hai-li, ZHOU Wei-liang, XU Fu-ming
( School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094m, China)

Abstract: Using prepolymerized glycidyl azide polymer ( GAP) as soft segments,4,4’-diphenylmethane diisocyanate ( MDI) and

1,4-butanediol (BDO) as hard segments for the purpose of insensitive high energy propellants, an energetic thermoplastic elastomer

(ETPE) was synthesized by melt-prepolymerization,and was characterized by FTIR, TG, tensile strength test and DMA. The results

show that the reaction time and aging time for ETPE synthesization are 2 h and 3 d respectively. And the tensile strength (§) of the
ETPE is 6. 12 MPa,and the elongation( &) is 71% when hard segment is 40% in weight and the mole ratio of —NCO to —OH (R) is
0.98. After adding plasticizer BDNPF/A(A,) in the ETPE,S is invariability,but the elongation decreases.

Key words: organic polymer materials; glycidyl azide polymer( GAP) ; gun propellant; energetic thermoplastic elastomer



