= H B NIMMO-THF & 5 ik & GB AL &5 700 19 & 0l 5 [ 1k

603

XEHE:1006-9941(2019)07-0603-06

ZEBREENIMMO-THFEERBM SEMEFHNER 5 E L

HH

RN, FENERE RUE HFAK,0 T
ZIRAFEH R, BT T L 710065)

=

wm O=E:

VL= IR (TMP) S 51 2 ), = S0 A - 2 b 265 6 4 S A5, 08 DU Sk il (THF) A 3 R T T k-3 FY S 4 2 B0 T e

(NIMMO) AR A 443 T =B REFE 1Y 3-Aif R IR HY 6-3 - 36 50 24 34 T e 5 1O &0 Mg ) DG B0 4 3R ik ( = B FE NIMMO-THF JE 38
Tt ) & RERE O ) . SR LD AN G A% R IR A 22 R P (DSC) X = My Bh AT T R AE . LIS TE 3 SR ER T (HDL) Jy [ 46 5 [ 4k
A =B BERE NIMMO-THF 32 R B & BE RS S ), 42 IS W H 9k — SaUBR R 10 S SRR AR 5 = B BB J¥ NIMMO-THF 3 R Bt 5 6B RS &

T 3 1 9 o A i 2 B CRAED) 43 00 0 0.8.,0.9 . 1.0 1.1 R 1.2 il #5 11 T 58k A, BIF 98 T stk 4R 114 7 2% 1 R 3 b i

iR KW,

10 °C-min™ B, =B g NIMMO-THF 3t B Bk & BE K5 4 57 DSC 19 43 fift W IR 7E 216 °C 524 RAE M 1.1 I, 350 ME (R A 5 B e s, o

1.32 MPa, 10 °C-min ", P R DSC (%43 fi 16388 4 203 °C.
R THER A LB EE ;7S W T R ER I ; [ 1k
HESES: T)55; 062 XEPRERD: A

DOI:10.11943/CJEM2018207

1 35

il

R 3-iH B2 Ee P E-3-H R A T B (PNIMMO)
M55 b2 A —ONO,, 5 il iR e A R 4F i A8 25 1, i
H & FUhE m, A] OR R o R R e R b i R
S A7, {H B 38 b A AR R E e = (49 =30 °C) Y
IR 0P R T BEAN A N UL — R ot O s, B
oL A & A W R B 2 R Bk BT, Ll
Bies 17/ T | NG: 2 e I R 1 R NI 11 =
me ) JE R R W U7 ik B PNIMMO 1 K TR
PERES

B DY Ak g (THF) 5 3-fF 2 i FH -3 - i 4
F AT Bt (NIMMO) 261, th 7T FF 3R 3R A, THF 76 7% fig
AR A R, BRI SRR AW =
AR ldn, 3R S A 46 K H il (GAP)-THF

K AHI: 2018-07-26; 1€ E HH: 2018-09-25

W 2& H kg B #3: 2019-03-20

E4WAB: BEARR=EE T (51373159)

EZ A TH(1985-), %, BYBRWF 55 6%, 352 M= & fE K 4 77
B4 AT 5T . e-mail: 365200401@163.com

WEBRREAN: M (1970-), 5 BF 58 61, £ 8N FE 8 5 T4
B A B SE . e-mail : luxianming1220@126.com

SIAAR BN, f e, sk g 5

RY), F8E LRI T MR BIR T GAP R Y
SR LR T AR T B B AL B SR B L 1 GAP
TR IR A RE A B TR Rk g . BAMO
(3,3- " BRAWHARTH)-THF LR Y B A BRI K
BRGEPE R RMICIR Jy 2 PR e . Bk B AE IS T
WIE BE BE 1 NIMMO-THF 25 3R ik | 1F 55 6 W1 51 A DU R
W I 0 A7 3 B R T 3 B A 25 R RO RS TR 04 EROIR
FRY AN, A R T o T8 2R RS 4R B R AR
FREL AR G W 00 B 05 1 2 A U B B v AR U 2
PERE

WA =B RE B NIMMO IR 1 24 PR RE I T2
PEBE A 1 0] 8, A B 50 85 THF 51 A 2 74 B, il %%
“UH BEEE NIMMO-THF 2 5 ik & GE RS 5 0, 3R AE T 3L
PERE  JFIFST T H 55 H 5 S F R B (HDD [ 4k
TE A 3L 1 S £ g 2 1 i R AP i

2 SIGER 4

2.1 AFENEE

A SRR (TMP)  fh2e 4, ik 2e iR
A R 2 w0 — T 5 U AR g, 43 B 4l AT TR R
b2 AT BRA R = AR - S Ek s A, sl AR
MR e A TR ) 5 36 R iR 6 -3- 1 L (2 R T

SH AR EE NIMMO-THF 3t 5k 5 fE R & 0 19 & 55 18 4k D], & e bk, 2019,27(7):603-608.

WANG Xiao-chuan, LU Xian-ming, MO Hong-chang, et al. Synthesis and Curing of Tri-functionality NIMMO-THF Copolyether Energetic Binder[]]. Chinese

Journal of Energetic Materials( Hanneng Cailiao),2019,27(7):603-608.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2019 % %27 % %748 (603-608)



604

EBRN el S B AR, S s, X T

(NIMMO), A il & W Be, ot T~ R 6 Rl
B A B2 7] 5 S 0 Y 3 — R ER IR (HDD) |, 43 i 4l
g BT R T A AR B B A B AN D B R AN S BT Al
KEmi g THRAA .

X fF : GPC-50 #Y & i & % {4 35 4%, 3 5 PL 2
Al ; Nicolet 5700 %Y i B nf 48 o 21 4b 5 3% X, 55 &
Nicolet 2% & ; AVANCE AV500 %I 4% @ 3 4% 4% , 4 &
Bruker 23 & ; CAP 2000+ #Y 4 ¥z % & i1, 3¢ F Brook-
field 24w ; DSC Q2000 2= 75 9 4 1 #A4 AL, & [H TA {X
#5 A W) s TGA/DSC 2 4 5 J [6] 25 #4 43 B A, By 1 #fy
R -HE R 22 1 B AT PR 2N | 5 3 R ) 2 1 e D R
H Instron 4505 A J7 fig # KL ik 4% #L , 3 E Instron

YN

L
OH o 0
»
»

BF,-OFt,

2.2 EBERE
2.2.1 ZEBEENIMMO-THF BB & KX
FEBCAT HLARCRE I R T R 219 100 mL =
IR S B R I 0.65 g =32 F RN e, 5.4 g U
AWM, 2.1 g AL - ZBES AW, BEFE 30 min, &
T TN 11 g B9 NIMMO B4R i it el & 2 h,
TSR IR T 24 he A 50 mL 5 H be I8 1#
A R BBk TR A 7K VS W 2% Ak SO Sl K R A IR A B
WA HUA DR bR 2 S b 58] 1517 g T E B
() RS B VR AR . 4 GPC vk I A5 3L 55035 A0 X 43 7 I i
3600, 5B THAE (3420) FHIE .
=B BEJE NIMMO-THF 3t 5 Bk i) & A% % & n

Scheme 1 ffi/n .
H

AT
0

ONO,
ONO,

HQO\/«vf‘%fo\J&QJO (°

Scheme 1

Hp m=n=5.

2.2.2 EMEERHE

DL B — SUR Bk (H D) Sy [ 4k 571 [ 4k A Bl
B =B 8 NIMMO-THF L R F ek A7 . 2 X R
1B R BRSO H O — S SRR IR 1 2 R AR 5 = e
FE NIMMO-THF 3 5 ik 5 e RS 5 ) 5 25 10 ) o i) &
Z e, R=n(NCO)/n(OH) . 5 M i B i il 2% it
*55?‘7:

TE—A LA HUMEFE R EE T U8 ZE A e B =
FR A I A = B BEJE NIMMO-THF 3t B Bk & fE K5 &
1,60 CFEZSBA T hg, InATHR ST 3 5
FURBE (HD) [E 6 ), 4 8 F 46 22 <30 min, K )5
DEvE T RDUG S B2 il A FL2s AR L #E 60 °C
T A — S A A F 1 S A R A I A R
FE R T 22 RE o s A & o R Y B R
WE R,

Chinese Journal of Energetic Materials, Vol.27, No.7, 2019 (603—608)

m\/jjo@ff’)m(\/\ﬂo}ﬁ

Synthetic route of tri-functionality NIMMO-THF copolyether

cut out
—_—

dumbbell-shaped
sample

NIMMO-THF+HDI mold

NIMMO-THF

B SRR R A R R
Fig.1 Schematic diagram of the preparation process of elas-

tomer
3 ZER5WiE

3.1 =ZEREENIMMO-THF BRI S R1T
3.1.1 Z=E&E NIMMO-THF £ BB A 4T S St it

& 2 20 =B BEE NIMMO-THF 3 58 Bk 1 21 4 W2 1l
it P 2 W, 3453 em ™Ak B E IR I A 3 R 1Y
FEAEMZ U, 2940 ,2865 cm™ il % B 56 T 32 B W1
S Xt

www.energetic-materials.org.cn



= H BB NIMMO-THF 4t 2 ik 7 68 K6 & 5 19 & 5 [ 1k

605

B HE M IS, 1632 .1280.867 cm™" HY 5 1M AT U4 Ay i iR
B AR AE W, 1111 ™ AY R I WA 06 ok 3R B
Tl S F7%) A A 2 WA e

1.0

0.8+
0.6+

0.4

transmittance / %

0.2

867
1632 1260" """

0.0

4000 3500 3000 2500 2000 1500 1000 500
wavenumber / cm”

B2 = EAEE NIMMO-THF LRk 2050t
Fig.2 IR spectrum of tri-functionality NIMMO-THF copolyether
3.1.2 Z=EB:E NIMMO-THF i BBt 9 % w2 1R
& 3 0 =B BB NIMMO-THF 58 it i 4% s HL 9%
Sk R 3 AT A A1 B 1.0 Ab A BRI S B T
FEOEB R AR IR g 1.6 S BE E THF 4% B P A
—CH,— I S R W I e, 4.4 S M 8% 1 vk Y 5
(—CH,ONO,) H & B FRAE W U6, 3.2~3.4 S 55 -
5RO 3 ) —CH,— L & W RRIE W Y e . BT B gk
NIMMO : THF $ORHP BE IR FEJ& 121, &35 F kR & g R
SYMRLL R 3:2:2:4, 5 = HHEE NIMMO-THF L3
Bk 1) 3 5 25 B S A H = RV A S U T R
NIMMO 5 THF i85 b2 1:1,

44 34 16

N

10 8 654 2 0

B3 ="EREE NIMMO-THF 35k 0y % i 34k S5
Fig.3 'H NMR spectrumof tri-functionality NIMMO-THF co-
polyether

Kl 4y =B BB EE NIMMO-THF 3 51k 11 4% i St %
Witk o R 4 nTn AL 2E LR 17.3 Ab B BRI S i B
F L B A4 R AE W 0 0%, 26.5 O AR b THF o ]
—CH,— I i i F¢ AF W Wi e, 40.3 2 F 55 & & oG
(—CH,CCH,O—) 1 Z= il i 5 iE W Wi 06, 75.3 S il %
Ik B R (—CH,ONO,) i 19 47 1E W2 Wi i, 70.6~

CHINESE JOURNAL OF ENERGETIC MATERIALS

73.7 WP LR 4k b5 EAH % R —CH,— [k B9 47
fIE W Wi, A% THF £ 1 J5F o () 58 T 35 Fik 199 e 10 2 1l
I (30.4) A B, Al A =B BB EE NIMMO-THF &
BEE DL NIMMO 8575 B 19

75.3 %5

737
/ 403 | 173

Mw.ﬁ
Wl .
200 180 160 140 120 100 80 60 40 20 0
)
B4 ZEHEEE NIMMO-THF Hh Bk 1% 4% f 2L P8 1 i

Fig.4 "”C NMR spectrum of tri-functionality NIMMO-THF
copolyether

ZEA LLAMGTE K I IR O A G S Rk (R
BB W RS 5 = BB EE NIMMO-THF 3t 2R i 1
ST EMEEY A, THINRS N =B RE
NIMMO-THF 3 R ik 7 R K4 7 .
3.2 Z=EREE NIMMO-THF £ B2 Bk il 4 At
3.2.1 ZEBENIMMO-THF X BEFE

B S REAE AR M M B E b L B AL, DR
B2 5 5 MIR G, AR T B &,
W T A [\ BE R A 3T 4 F & —E REFE PNIMMO
(T-PNIMMO) "/l = B it £ NIMMO-THF 3t & fif 1)
BRE . M AR R AR B BT 6 ST 4h
1 FiR,

Il 1

T X RERE AR B B 5
Table 1
binders

Effect of temperature on the viscosity of energetic

viscosity / Pa-s

temperature / °C

T-PNIMMO NIMMO-THF
20 54.00 27.92
30 21.50 12.25
40 9.42 5.84
50 4.60 2.98
60 2.47 1.62
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Table 2 Effects of R value on mechanics properties of elastomer

R value breaking strength / MPa  fracture strain / %

0.8 1.16 150

0.9 1.20 130

1.0 1.28 125

1.1 1.32 100

1.2 1.26 80

A A AL www.energetic—materials.org.cn
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Synthesis and Curing of Tri-functionality NIMMO-THF Copolyether Energetic Binder

WANG Xiao-chuan, LU Xian-ming, MO Hong-chang, XU Ming-hui, SHU Yuan-jie, LIU Ning

(Xi'

an Modern Chemistry Research Institute, Xi' an 710065, China)

Abstract: Tri-functional random copolyether of NIMMO and THF (tri-functionality NIMMO-THF copolyether) energetic binder
was synthesized by the ring opening polymerization of NIMMO (3-nitratomethyl-3-methyloxetane) and THF (tetrahydrofuran) us-
ing trimethylolpropane (TMP) as initiator, boron trifluoride ether complex BF,-OEt, ascatalyst. The products were characterized
by infrared spectroscopy, nuclear magnetic resonance and differential scanning calorimetry (DSC). Taking tri-functionality NIM -
MO-THF copolyether energetic binder curried and synthesized by hexamethylenediisocynate (HDI) as curing agent, a series of
elastomers were prepared according to the molar ratio of —NCO of hexamethylenediisocynate (HDI) to —OH of tri-functional-
ity NIMMO-THF (R value) as R=0.8, 0.9, 1.0, 1.1, 1.2 respectively. The mechanical properties and thermal properties of elasto-
mers were investigated. The results show that the temperature of exothermic peak of the tri-functionality NIMMO-THF copoly-
ether energetic binder obtained by DSC at 10 ®C-min~" is 216 °C. When R value is 1.1, the tensile strength of the elastomer is the
highest, which is 1.32 MPa and the temperature of exothermic peak of the elastomer obtained by DSC at 10 “C-min~" is 203 “C.
Key words: energetic binder;copolyether;hexamethylenediisocynate; curing
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