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2.1 RXFI S8

2 K H I A R TR (GN) , 2 58 =99. 5% , A il
BF, - THF, [ #l; 1,4-T —f(BDO),CH,Cl, KOH
CH,OH Na,CO, , Ik M 45 % — 11 FRIFF, 43 7 2, K e
FHE R 2F R A BRA B 5 N-& 3 2 e 5 ZK Tl
T, Tk g T AR

Bruker /A ®] VERTEX70 L4 56 #E AL, 12t ke %5 i T
WL H R (DMF ) i KBr £6 F IR I, TGS A 2%
4 em™ AR F1H 16 K, F14E L 400 ~ 4000 cm™;
Bruker /3 5] AVANCE DRX500 #8 5 4% ff 31 9% i 4,
5 mm FERE, PR PO H JERELE (TMS) 5 TA 24+
Q2000 2= X i AL, N, i 50 mL - min™'  FHE
A 10 °C - min™'  FESL 10 ~15 mg; KA A
HLC8320 #E ik 18 i85 o B3, {6 3% #: TSK gel G4000 +
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G3000+G2300, Wi zh#H THF i3 1.0 mL - min™' |
i 40 °C,PS Frff; INSTRON5969 J7 E#4 £ 5 AL,
25 °C,

FRAE I %E 4% GJB1327A-2003 1 4.6.1 J7 ik il
WAL, 7E (60 1) CHEAL N T h, #EA4T HL AT A
I (E I E #% GB/T1677-2008 R fR -4 B vk 2 N , i#F
TTHLALTR E 5 J12#PEREHE GB/T528-2009 J5 ikt 1T,
I3 BE 25 °C i ef & 500 mm - min~'

2.2 IR
2.2.1 PGN HI& R

T U B i A BDO (BF, + THF Flid &
CH,Cl, i HE S B J5 % B Ak G 4 1] ok 2 B
TTRAE N o IR o 5 4k 22 s W — BB 1], i A B
W ARG K BE R Ptk . W BEBE AT MLAH , 125 BRI
FIFAIK 53, A5 IR B AR B A PGN

IR (cm™ ). 3444 (—OH); 2889 (—CH, );
1631,1279,994,859 (—ONO, ) ; 1122 (—COC—);
"H NMR(Acetone) §: 1.61(—CCH,CH,C—); 3.50 ~
3.81(—OCH,); 3.91(—CH); 4.08(—CHOH);
4.61 ~4.76(—CH,ONO, ) ; "C NMR(Acetone)§:
26.0 ~26.4 (—CCH, CH, C—); 67.0 (—CHOH);
68.9 ~71.4(—OCH,—); 72.5 ~74.5(—CH,ONO, ) ;
75.2 ~78.5(—CH); GPC: ¥ #4>F & (M, ) Fy 2543,
SR ATEE(D)  1.60,

2.2.2 e-PGN W&

= HE A PGN, L CH, CL, %5 fi# J5 i A B 17
W, P SR — B InF R] . w2, K R A HLAE 2
P U8 288 BRI R FK 43 45 R B EORE BR A e-PGN,

IR(cm™):2893 (—CH,); 1634,1280,993,859
(—ONO,); 1124 (—COC—); "H NMR ( Acetone) §:

1.61(—CC H,C H,C—); 2.57 ~2.73(3f [-—CH,—);
3.01 (3 F—CH—); 3.50 ~3.92 (—OCH, ) ; 4. 62 ~
4.74(—CH, ONO, ); "C NMR (Acetone) §: 26.0 ~

26.4(—C CH,CH,C—); 43.2 ~43.3 (3 I-—CH,—) ;
50.4( ¥ -—CH—); 69.0 ~71.3(—OCH,—) ; 72.6 ~
72.9(—CH,ONO, ); 76.1 ~76.3(—CH) ; GPC: M %
2357,D % 1.63.
2.2.3 e-PGN HIEH

e-PGN S5 ELFIR A5, T 60 CHEMA)E,
B R N Rk e R B HE v E R E R AT [E Ak
FR A sE 2 ik, AR, iR e 1 8, 3% GB/T2568—
2009 Jy kit AT S 2E e ae i
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Scheme 1  Epoxidation of PGN
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Table 1 Effects of cyclizing agents on the synthesis of e-PGN
PGN e-PGN
KOH NaOH
M, /D - -
M, /D yield/% M, /D yield/%
2023/1.75 85.3 2357/1.63 92.5
2543/1.60 1966/1.79 81.7 2345/1.63 92.1

2103/1.68 80.6 2297/1.65 91.9

1 g1l F M, LD NaOH b 3 1k 71 i,
e-PGNICR 5, 735 92% A 475 DL KOH Ry 3 4L 5
it ,e-PGN IR &k, H e-PCGN 4> TR &K . 7 T H
AREESE . RIS R, UL KOH R 3L F) B, 50 3o
YRR 2 FLAG , 77 5 43 5 TR et T A8 A 52 i i e 1Y)
BN Bt & 3, L KOH g AL R B, H i
R ) 8 PGN il —CH, . —CH [ i 2 5 4
10% ~16% , i B 2 Ny 2o 72 A7 B b 1) T 4 K i 46
SRR o

K JH NaOH S 346 ] B £ dl, LA H NMR 3%
—CH,ONO, fil—CCH, CH, C— % v # I FH 43 11X (8
115 PGN [ e-PGN 7 F i iy & &2 $ 5T 8 (—CH, CH
(CH,ONO,)O—) 43514 19.92 F118.18 (F¥{H) ,
DL IR A AT G R A W 40 £ 5 4 5l oy 2460 il
2349 31X 5 GPC fify il 3 25 S 2 A M 25, Ui B LA
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NaOH Sy SR ALFI 25 AR, 5 A 1 00 70 1 45 A0 B A R £

e I, PGN 3R AL # e-PGN I & il NaOH

PR B 1 H

3.2 HMEMAEMXNREMEEZMRNZME
Ay T PGN 1 e-PGN 1y £ B {45 1k, 4%

R 2,

®2 HEMUERTE PGN Fl e-PGN ) EZMERE
Table 2 Main properities of PGN and e-PGN before and after

epoxidation modification

sample PGN e-PGN
molecular mass 2543 2357
hydroxyl number/mmol - g™ 0.83 =
epoxide number/mmol - g™ — 0.79
density (25 °C) /g - cm™® 1.456 1.437
viscosity (25 °C) /cP 42028 42918
glass transition temperature/°C -30.4 -32.1
thermal decomposition temperature/°C 214 212
thermal stability (72 °C) /min >30 >30

22 T E W, A R A WA R B ik
AR LA E N EE N EE MR bR A —
£, 1 B i 3 B BB AT B9 A, XF PGN 9 = 22 M B 52 il
ARK. e-PGN HEikF] 1.437 g« cm™  EARMEE T
PGN )% Ji {3 .

3.3 WHEELFS e-PGN B E R

I )8 AN [R) 28 28 g A 1T Ak 00 2R A 7 T A s, B
[ AL 3040 355 Bk ik 2K Y IMD AR 2K — R I ( PA) B ik
KW N-23: 2 i (NEED) S5 /K i — i (IPDA) il
TR (E-100) o TPk E 4 A I A
ISRl 25 R L3R 3.
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Table 3  Effects of curing agent on e-PGN’s curing reaction
curing agent temperature/°C curing time/d
NEED 60 <1
IPDA 60 <1
E-100 70 10 (uncured)

IMD 60 3 ~5
PA 70 6

3 AR R AL EE Sy 60 CHY,e-PGN 5
IO 36 PR B9 NEED (IPDA Al PR 52 0, 8 45 90 R
T RN EIATSE B 1L 5 IMD (PA 36 ¥ 45 SE - [ AL I
TFT) 0 B 1 Ak TR BE & 70 °C, TR A Rt vl s A o
A AL s BLE-100 [f A 9 10RE 7 1 6 8 A2 19 3 B2 2% 1
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Table 4 Mechanical properties of e-PGN'’s film

curing tensile elongation

agent strength/MPa /% apperance
IPDA 0.462 343

before  IMD 0.678 263 even
PA 0.912 354
IPDA 0.475 338 even

after IMD 0.664 291 no sti’cky
PA 0.929 332 or bubbling

Hi 4 Wl e-PGN 5 B 5[ 16 77 S W B i H
A 15 PERE I SR 100 AR 25 4, 7 H A 2% R AR T Y
UL, =l [ A0 0T 07 11 £ 900 14 o Ao 6 48 Ty 2 PA>
IMD>IPDA , W 2L 4E fif Kl 7 5 PASIPDA>IMD , =&
A7 8 A A e, = A E AL R 09 7 2 R RE A R B A
AR VUSRI R 45 DR fih 1) 3R THT 8 I A0 K 9 25 e i
WG, K W] e-PGN B [E LY AT R AF M RR 2

(1) PGN &b A i e-PGN, L CH, Cl, i
) NaOH g LA FI i, e-PGN ik 92% A 47 o

(2) PGN LB VERT G AL 35 70 T R 3R
O fifk R RE B B A A TR R S Y B AR AR T,
e-PGN# ik 1.437 g - cm™ {#4% T PGN By %5 Ji
o

(3) e-PGN 7£ 60 °C/70 °CF AJ 5 A [q] 2 7l [ 1k
# IPDA [IMD K& PA % J v [ 1k, 15 31 B A R g 2%
PERE MY AL 5 Hoh DL PA S TR, [ Ak 9 1) A 14
J12 M B B A, AR SR E O 0,912 MPa, W 24 4E fif R
5 354% ,

(4) e-PGN [EfLE H B A R AR e, Z R
78 N H Tt Re AR E .

5Bk
(V] AR, THea, Mk, . 4K H 6 iR i & w5 ot
JEL)]. Azt 5w 2> T #kE, 2003, 1(6): 9-12.
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Synthesis and Curing of Epoxy-teminated Poly( glycidyl nitrate)

WANG Wei, HAN Shi-min, ZHANG De-liang, XUE Jin-giang, SHANG Bing-kun, XU Yan-lu, WANG Bo
( Liming Chemical Research and Design Institute Co. ,Ltd. , Luoyang 471000, China)

Abstract: The reaction between the end hydroxyl of poly ( glycidyl nitrate) (PGN) and isocyanates is easily affected by ambient
moisture, and the curing stability is poor. Aiming at these problems, epoxy-terminated poly(glycidyl nitrate) (e-PGN) was syn-
thesized. Its structure was characterized by infrared spectroscopy (IR), nuclear magnetic resonance (NMR) and gel permeation
chromotagraph (GPC) , and its major physiochemical properties were tested. The main physical properties of e-PGN, such as glass
transition temperature, viscosity, density, thermal decomposition temperature, were close to those of PGN. The curing reactions
of e-PGN with epoxy curing agents, such as imidazole(IMD ), o-phthalic anhydride (PA), n-ethylethylenediamine ( NEED ) and
isophorone diamine (IPDA) were studied. Results show that the curing reaction of e~PGN with IMD, PA, NEED and IPDA at
60 °C/70 °C can be performed. When PA is used as curing agent, the mechanical properties of the cured material outperformed;
the tensile strength is 0.912 MPa, and the elongation at break is 354%. In addition, the mechanical properties of the cured sam-
ples stored at room temperature for 8 months remained almost unchanged.

Key words: polymer; energetic binder; end hydroxyl of poly (glycidyl nitrate) (PGN) ; epoxidation; epoxy-teminated poly( glyci-
dyl nitrate) (e-PGN) ; mechanical properties

CLC number: TJ55; O63 Document code: A DOI: 10.11943/j.issn. 1006-9941.2017.01.008

Chinese Journal of Energetic Materials, Vol.25, No. 1, 2017 (49-52) A fe AR www. energetic-materials. org. cn



