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molecular structure of WPU-g-SAN

AL B R
2.2.7 EHRBRENR

% GJB772A-1997 Fp i il 1 {3 o JB %, HE ¥ 5 kg,
FEah i 50 mg, B A RO LB DT 25 Ko
2.2.8 P[AMEFERE(SEM) Wik

FEZ5iAE R I FEL QUANTA 200F 37 % 3 3 Ba 1
fil LT OB AR PR L s A

3 GR5H®
3.1 EEBEKERKERRIE

BT g5 7K PR R AR FTIR 35 &, & 1 af
T, S A4 PR K VR SR R 7E 2260 em ' A AT AN A AE IR
W , TR JEURE T —NCO fE I 56 42 3330 cm ™'l
N—H i filt 45 9% 3 W g (1706 cm by € = O Y
1 245 % 3 4 A 5 0 Wi i, 1538 em T N—H 25 il i
A C—N 45 I 3 TR A W0, 1241 em ' 4k g
W B iy C—O—C X FR b 4 ik 5, 1108 cm ™
Ak B T WA s Ay Tk R C—O—C i it 45 % 3h IR i 0

3066 cm ' 4k 2k >C=CH2 t— C—H {1 4 4 zh %

www. energetic-materials. org. cn



WPU-g-SAN [ & B HNIW 1) 17

157

W, PR AR, B8, U WM B e A 2. 2968 ~
2871 cm ™' PUig 4y 51 Ky H 3E—CH, FIWE H 3 —CH,—
1 45 i sl W e . R R K P R R R #E 2237 em T A
TE— MR WS AW | Sy —CNCEE W e, Ut W1 7 ) vh &5 A TN O
BT ; 3081, 3060, 3027 cm ' &b Ay /N s I i Sy
b C—H W4 4R 80,1602, 1494 cm ' R Y
FHW N, 761, 700 cm ™' O R IR B H R Ak
g, Ul Y h SRR IR T,

1716 — 1108
1602 -
-0 i
WPUGSAN 1 ﬂ
3060
3326 3027 761
P
] 1‘&\;)} L 237 1 ,’{ U\,J
,MV/ A ﬂL,.» Il 4 f!\
I, i1l 1os
30 » ‘, girﬁi;’{ \
% [ AT
1l
AN v A~

______________________

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

B 1 WPU-g-SAN i FTIR &l
Fig.1 FTIR spectra of WPU and WPU-g-SAN

P 2 O i s TR K P SR B 9 H O NMR G &, 3
B8 =4. 008 H—NHCOO—r H 1y 1k % i #;
§=3.380 -3.759)&8 T Bk #E A & 1Y o Bk LAY H A
—NHCOO—HI# 1) o i I H b= 00 88, Ul & i
7= R AT, 6 =2. 885 Sy TEA il i 5k
—CH,—F H b= %, B 4 - &4 DMPA
JC; 8=1.628% BDO Byt B i I+ H #1 IPDI BT
W AT =A% EH k=i ; § =0.920
-1.111 2 PPG f# [ H £ F1 IPDI $oG 36 | B3 K&
TEA FH B | H 8,6 =6.1, 5.8 43 JlIHJE T
o B B C — CH, B F1 AL P4~ H ) fk 2
PiA% , PR BRI, WA AR 55 , 40 BH /K 1 3R I e o DAy ROUBRE

B 3 SRR K P R R 9 H O NMR 35 [, 5 o
A5 3 1 7K SR SR AH EE L, 3 T S AN, ok 6 =
7.187,6.905 K I H [fb2E i f; 8 =4.263,
4.126 ) HEMA B0 O | (—CH,CH,—) Sk rh
Ak B H AR §=1.829, 1.900 43 J& SAN
b5 RS E A B ik H kRN,
UL 5 F BE AR R SO0 T T I I AR B T A
¥, 45 2 T 7 .

CHINESE JOURNAL OF ENERGETIC MATERIALS

\ 81120

8 7 6

B2 ki WPU 5" H NMR ji% 5]
Fig.2 'H NMR spectrum of of WPU

7187

NN NN =

| T TS

B3 WPU-g-SAN BJ'H NMR %K
Fig.3 'H NMR spectrum of WPU-g-SAN

Kl 4 Jy IPDI #Y K 4 2 & g WPU-g-SAN [ XRD
RGF &L AT LUE A 5 2 b B B 45
BUATAT e, FURAE 20° B 1 B — 978 0, SR TR A
ERYOVIERIES . OV ILRY T4 &A1 IPDI
AL R I PR OCHR N AR X AR A Rl R B e T
SERA T X K2 1 AL B

10 15 20 25 30
20/(°)
B4 WPU-g-SAN fj XRD i §}
Fig.4 XRD pattern of WPU-g-SAN

bt M AT 2012 % #20% %2 (155-160)



158

B, PiE%E, I, BER

5 JE AT KR R R 1 DMA £k, fEE M
A3 38 Ak 70 T B 0 P A TR ) A A O G S
F o HARR B AL S R IREE T, —39.7 °C LK
RAM KB L, SR RE T, N
93.2 °C,J& FHAT K PE R 2 e o i Bt V2R 05 88T
RPN M I BTG Y 78 I 43 W, it WA % v 5 T 1l
BORCIHHBITTMANGIE R ITTH —E MM AE M. Bl
LATEIM BB 2 R Ak sl 92.8 C(DMA &,
P RERL S 6. 47 MPa B Ry IR ) o

10
. I~
4000 \\\ ¥
\ / To[ 08
€ 3000 1 \ /
= \ / + 0.6
g \ ) 2
| \ .
8 2000 A i / &
GE) \ / - 04
? \ (."
o /
“ 1000 T /
9 & e L 02
/!_1__4_// S~
0 e . .\*— 0.0
100 50 0 50 100

temperature / °C

B 5 WPU-g-SAN ffj DMA fi1 4
Fig.5 DMA curves of WPU-g-SAN
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Table 1 XPS data for HNIW and HNIW coated with WPU-g-SAN

peak area percentage/% peak area ratio
Cu le O1> C: N O
HNIW 38.97 23.93 37.10

sample

1.63:1:1.55

96.5% HNIW,

3.5% WPU-g-SAN 50.39 17.27 32.34

2.92:1:1.87

® 2 HNIW GBI G rE  UE

Table 2 Impact sensitivity of HNIW and HNIW coated with
WPU-g-SAN

composition Hso/cm

100% HNIW 13.6

98.0% HNIW, 2% WPU-g-SAN 18.4

96.5% HNIW, 3.5% WPU-g-SAN 28.5

B 6 HNIW f SEM & ;-
Fig.6 SEM micrograph of HNIW
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Preparation of WPU-g-SAN and Its Coating on HNIW

LIAO Su-ran'’, LUO Yun-jun' K SUN Jie’, TAN Hui-min’

(1. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China;

2. Material and Chemical Engineering Department, Henan Institute of Engineering, Zhengzhou 450007, China;
3. Institute of Chemical Materials, CAEP, Mianyang 621900, China)

Abstract: In order to reduce the sensitivity of hexanitrohexaazaisowurtzitane ( HNIW ), the waterborne polyurethane grafted
styrene and acrylonitrile copolymer ( WPU-g-SAN ) were synthesized from isophorone diisocyanate ( IPDI), 2-hydroxyethyl
methacrylate (HEMA) , styrene (S) and acrylonitrile (AN) as raw materials by seeded emulsion polymerization in situ. The cast
films obtained from WPU-g-SAN were characterized by Fourier transform infrared (FTIR), wide-angle X-ray diffraction (WAXD) ,
nuclear magnetic resonance ('H NMR) and dynamic mechanical analysis (DMA). The results showed that the title copolymer
was amorphous and exhibited a certain degree of phase separation. HNIW and HNIW coated with the WPU-g-SAN were
examined by X-ray photoelectron spectroscopy ( XPS) and scanning electron microscopy ( SEM). The impact sensitivity was tested
by method of GJB772A —1997. The experimental results indicated that the characteristic height H,, of HNIW coated with WPU-g-
SAN increases from 13.6 cm to 28.5 cm.

Key words: polymer chemistry; waterborne polyurethane-grafted-styrene and acrylonitrile composite ( WPU-g-SAN ) ; seeded
emulsion polymerization in situ; hexanitrohexaazaisowurtzitane (HNIW) ; impact sensitivity
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