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2.1 RKFAISEE

PGN, %3 43 F 7 (M) : 350 ~ 800 (EE IR B 15 {0
L), Al AR (298% ) . S H Kt (299%) , Tl %%,
W BHAL 23K T 5 VKBS R (298.5%) , R R #M (=98%) ,
A3 4l JF B R )51, 4-T EE(298%) L, H
BB A BR A A 5 2-f 3 Z R M (2-NDPA) , Tl i
Kbl (299% ), Prrg iz ik TH R A .

HANZR & HLC8320 B ik 18 35 (4 (L (GPC) , fa il
FE TSK gel G4000+G3000+G2300, Ji 34 AH U & Wk i
(THF) 3R 1.0 mL-min™", #: & 40 °C, PS Fr A ; fi [
Bruker 2~ A VERTEX70 4L 4h )t 3% A% , 38 B % i T —
3 H Bt % (DMF) b, KBr 2 B 93 T, TGS 46 I 2%
4 cm™ A EEE T 16 I, HAEH 4000~400 cm™';

SIR AR : F A R 5k A5 58, 28 . B 4K H il Tk A 8 15 209 28R 9 Pk BB ). & BE MR, 2019,27(1):9-13.
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Bruker 2 #) AVANCE DRX500 # 3 #% # 3t 47 I 1%
0,5 mm B 5, NER Y U 3R BE (TMS) 5 il
R °F PZ-D5 ¥ M It 8 KPR B (25+1) °C
Dupont 2960 # #-22 # (TG-DTA) Bt FI AL , N, ¥ 4
150 mL-min™, F+ i 3 € 10 min™, ¥ 5 i 3~5 mg;
METTLER A BIFME AL (TGA) , FHEHER 10 C-min”,
IR <55%.

A 5E $% GJB 1327A—2003 J7 ¥ 4.6.1 I 41 it
5, e AL IR (60+1) °C,BEAL KN 1 h, #E 47 HL A3 3%
MR 1E % GB/T12008.5-1995 HL & J7 i k17 .

2.2 PGNNH#I&

FREC 100 g M,k 465 19 PGN, LA 100 mL — 54 H %
T BRIR 2 0 CCULTR , 3 SCHR[ 9 15 ik A T A6 R 1 o
RNESH G, A K BE TR 8 5+ 5 523 19
PGNN. i KN [ 2 1 & 19 PGN , Lk 6] % J7 35 il &
— R G AR 4y T PGNN L AR E 1 s .

HNOy/ .
CHZC|Z l (CHacO)zolO-']O C lNaZCOB

[ poN |- nication | neutraiizaion

B 1 PGNN Al Ji
Fig.1 Preparation process of PGNN
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3.1 PGNNHIZEHMREEeE

Xof il £ 0 B0 4y F B 523 B PGNIN HE 4T 45 19 23
B A fig 3

IR(KBr, »/cm™):2895(C—H,s),1638(0O—NO,,
$),1430(C—H,m),1380(NO,,m),1280(0O—NO,,
s),1122(C—0—C,s),997(C—H,s),856(C—H,
m),755(C—H,m). ZLAMEHIE—OH BYRAEI I

'"HNMR(CDCI,, 500MH2) & 1.62(s,—CCH,CH,C—),
3.48~3.93(s,—CH,0), 4.54~4.87(s,—CH,ONO,) ,
5.4(s,—CHONO,) ;"°C NMR(CDCl,, 150 MHz) &:
26.0~26.4(—CCH,CH,C—),67.2(—CH,CHONO,) ,
69.2~69.5—0OCH;—),71.2~72.7(—CH,ONO,),76.3~
76.7(—OCHCH,ONO,) ,77.8~78.0(—CHONO,) .

FE G B AR RE R AR W 1, T Ak
JNE B B 07 P 1 5 5 Ak Sk i TR R L 39 98 ) N
it 4 e 09 [ B, T A AR S 3 0 R 2 5 G A 0 1 [ Ak
R TSR E WIS R PGNN B A 5% 83

Chinese Journal of Energetic Materials, Vol.27, No.1, 2019 (9-13)

#£1 PGNN M EZEERE

Table 1 Main properties of PGNN
. . . glass
hydroxyl density viscosity .
transition N content
M, value /g-cm™, /Pa-s,
temperature /%
/ mmol-g™ 25°C 20 °C
/°C
523 0.0004 1.431 450 -56.1 12.89

RN AR T SCHRRIE (28870 g/eq™,£90.0034 mmol-g™),
PRI FE 18 T A RS AL 25 A5 3, A A 520 58 iUIY) I o

[ H, 20 F #2523 A PGNN 25 5 ik %] 1.43 g-cm ™,
A AL H W (NG) . T =B =W BR K (BTTN) B fi%
(43 5J& 1.59 g-cm™,1.52 g-cm )" (H 45 = H B —
fif R fe = (TEGDN,1.33 g-cm™) , 5 = L b —
MRS (TMETN, 1.46 g-cm ™) A1 24 .

H1 T PGNN By 3 i Bk T 0 7 5% b o 52 A9 4
KT T A TR i R T B, 3 S i P B ST B AR A R R
G W 0 B T U R RN R B AR P e s A W e S e .
T PGNN 34 9 551 43— 1 ) 266 B L 39 389 Ab o 70 3l
B RE R, 45 2R ) WL 2 F R 2

-40 18000
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O B «®
Z %0 14000 &
= {3000 =
.55.
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Fig.2 Effects of M, on viscosity and glass transition temperature

2 PGNN Y2y 15X % 1 2 1
Table 2 The relation of M, vs. density for PGNN

M 384 523 685 763 938

n

density / g-cm™ 1.38 1.43 1.42 1.43 1.44

1 2 AT, PGININ 38 98 50 A 3% e Ak 2 72 I
B 5 F 4R TR, B 4y 1 i bR 384 42 F
1100 B, 3% 55 AL BE N —62 CTt i B 29— 42 °C; 15 98
T 4 768 ) S A 1 3k $I 2 700 Bt I ff DR s 44 Jin

¢ 2 3R W  PGNN % J3 32 035 43 ik 1 52 Wi O AN B
8o ZEA P 2 RNEE 2 MR A5 SR R B R R
400 ) PGNN, 26 B2 /Iy | 356 355 Ak 5% 78 I B2 AR, (H %
(1.38 g-cm™, 5 3CHk [ 7] 4 1 — B0 WA X 3L,
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DL SR 8N, PGNN 4 F 1 24 500 B P RE e i .
3.2 REMKRE

PGNN [ F2 7 P A 45 H AR E Ve 2 AR T )
M DL R A7 i R A A AR A o

K TG-DTA B 58 PGNN A #uFa & 1, 45 5% 0L
&1 3, H &3 ] A1, PGNIN ) 2 IR 43 i i 24 S 165 °C
(2 Tk 32 A ot T S IR R MR 98.57 %), 2 )i Wl it
T BT 46 o0, B RO R D 215 °C. PGNN
[ 3G it o TR 5 PGIN R B0 it 175 50 3R — 80, — 3%
1) B it 340 2 G T A TR T 1) 43 e o

exof

215.35 °C 130 "o

1001 £
165"C 25 0

801 98.57% 20 g
= 15 @
> 60 1 :g;
% '10 ES)
£ 40+ 105 £
20- 00§

0 --0.5 g

50 100 150 200 250 300 350 400 450
temperature / °C

3 PGNN#H TG-DTA flli £
Fig.3 TG-DTA curve of PGNN

FESCHR[ 11 17 B BFSE PGNIN 2 805 5 0, 38
5 00T W BT 4 M B oy e R e T B D e
Ve WA 2> TR B0 PGNN #EAT 086 . 1 2 s 9
FIFE S BT EHAA N 70 mm AR5 3RS R ML 1, 60 °Chil
PR DU Sl 1 SR a0 A R v R S T A B A T A AR Ak
IRAZ A TR RER GRS, S50 g
SHFRE L, 60 ChIH 24 h, 3K PGNN A% & 1

3R, WA PGNN 7E 60 °CF ¥ 2 in# pd J
B /N T 1%, A R AT PiaE Kk o o

®3  AREINHE T F PGNN Y H#K (60 °C)
Table 3 Mass loss of PGNN at different heating time (60 °C)

mass loss / %

Mn

3d 7d 14d 21d 28d
384 0.32 0.079 0.013 0.226 0.369
523 0.029 0.053 0.081 0.148 0.250

R4 FWIRNAE T PGNN R A A 1L

523 RS FE R BURTE /N 3o PASFE S 0 45 K 1 43
24 0.096, 0.321 mg-cm™-h™"  FXFH HI/Nr T fil iR
BRIGIAFI AN 1,2,4-T =B = FRES (BTTN) | = FR H &
C o = A R R (TMETN) |, = H B il FR 5 (TEGDN)
(60 °CHIHE K E4r %M 46, 24, 40 mg-cm™-h'HY
S5 AR R MR UL S W W, DR I AT A G o e G 0 ) 4
R B T o 1 T T e M ) R

i 2 i 26 Ak & W 3 Fe o PR 22 AR L /R o %
RS S5 A 5 i ARy KR A R W B, AT
SRR T o A DRI AE SRR R (B AR Ak
e BF 58 PGNN AU I A7 520 M . B4 7 & 523 1Y
PGNN , & F A [m] A 2 2% 14 7 % 0 45 100 04T 02 A7 ik
B, FE S R (B BE I A7 o (B) A AR AL 25 SR WL 3R 4

2 4 mT L, = AN R AL IV A o R R (AR A AT B
255 N B LS B R R AR R 1 A
HBR{EC 4% 0.2 mg-KOH g™, A & % 5 70 % 5
B A TR B B A = A A e K R B
0.15 mg-KOH - g™ & % & 7l 2-NDPA H % &£ 19 # i
PR A 36 K fe 02, VA7 6 S R R (AT £ 15 A AR K
o X R fE 2 R IT R R R OAE Y 8 B AR
PGNN BA R4 1A e e 1 o
3.3 HEMERKI

REW 5 & Re M BHH 1 1 A TR 18 IR & W A
b2 Ry B BN AE A RE ) SRR A R AH 2
o R 2P 22, K P Rl — R G Ak R AR A,
AT 2 B0 HE BAENE ) 7 A R A A TR I AR AR . T RE A
B AE A PRV T IR Z AN TR 5 U A A AR e i K
AT ARBESER R W, AR A Ry
PFIWT PGNN 5 #E#E 57 ) 25 32 28 43 B A P b 3
B 4 958 790 1 R 5 1

HORER O AP AI3~5 g PGNN,#£1:1 i
A S A2 AR A 3 AT EIR G A R B
0,55 24 T W) AR AR TR R R A DL 5 AR R SR R
FAMHT(TG) B4R G e a2 F T AR FS I, 3K
Bk B - (50+1) °CLilBam [H] : 20 min, A dhiE 1 ~ 2 mg.

Table 4 Changes in acid value of PGNN in storage process at normal temperature

acid value / mg-KOH-g™'

sample

0 1 month 2 month 3 month 4 month 5 month 6 month
PGNN, unsealed 0.07 0.19 0.25 - - - -
PGNN ,sealed 0.07 0.10 0.14 0.15 0.21 - -
PGNN+2-NDPA, sealed 0.07 0.08 0.08 0.09 0.11 0.10 0.12

CHINESE JOURNAL OF ENERGETIC MATERIALS

o
Il

o 2019 % %27 % #1148 (9-13)

4



12

FAG R R TR R, A IRERE, b

iR R ,PGNN 5B E 4 (RDX) B 564 (HMX) |
o AR B CAP) CALKY DL B 36 9050 A3 (L2, 2- il %
PRI ) 45 T /45 I )  BUNENA 25 78 I3 45 14 R 4 )8
WIS R EE . ROt AR AR a0 45 S I B PGNIN 5 A
MORIARZS . 5546, A3 . BUNENA & 5 e Iic 77 v i FH 4%
Z2 1) PR O R ), b R R B 3 A A T R AR, TR
] 22 380K PGNIN 5 5 26 38 93 500 i A 1, AR A5 3
U1 o7 B
3.4 RBEMSHKRINLE

6 F M, =523 (1) PGNN 17 % 4 5§ 1 8 i &
SR o g A R AR P A o R T RE A A
Y fes B PR3 R A R R AR L R R R R
GJB772A=1997 J5 3% (602.71 FE 2 8 B R M E R 1% ),
MR 2% 1F - 32 41 90°, JE 3 4.0 MPa; i o &% B MR 95
GJB772A—-1997 J7: (601.2 18 i B BF Fr M7 12 )
W4t 2% F < 95 B 98 N, 7% &1 50 cmy; # L 86 2 AR 4
GJB5891.27-2006 (i H, kA8 % B 3 50 ) | I3 2% 4
L 2% 3X3900PF, 4 #E 0.5 mm. 45 % W78 , PGNN #
HL BB R 55 (50% & KL TR L 50% & KCE it il As 1fE
F43 52 6400 V.239.61 m) 1 358.78 V) , {H B 452 &
JE RN e SRR B 0

i % GJB 150.16A—2009¢ 4 F % £ 5L 46 = B 5%
IS T vk PRl ) O vk B e A I 5 R Bl
B 1 6 A5 08, #E AT T PGNIN Y 5 48048 B 4R 3 ik 6
I 4 he 300 B R & A R BE R R SR
JER R N3 & SR R L 42 i K 6 45 R R B PGNIN HL %
K e &tz T g .

4 %t

(1) 38 3 i Ak W A5 1T A 8] 43 1 5 19 PGNN 3 98
R WEGE T oy R R R RS SIR T R
PEER I . 45 3R W, 43T 5 2928 500 1) PGNN %
JER R (1.43 g-em™) B AR AL (Z9-56 °C) 4%
KPR (60 °C,0.096 mg-cm™-h™")  Zi A PERERAE

(2)PGNN B A7 R #f 5 58 Ve A A7 o e 1 i
U4y IR B 29 165 °C, 60 CHN#A 4 F , it = /N T
1% ; fifi FH %2 %2 7 2-NDPA - 5 % £ 14 , PGNN It~
FE 4 IR (E A it 0.2 mgKOH g™,

(3)PGNN 55 #fE 3k 71 Jz 4 25 3= 22 41 70 AP ALK |
HMX .RDX & J & fg 44 %3 7] A3 . BUNENA S5 4 75, 1]
BAh g At 14 98 ) G A
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(4)PGNN E.A3 K U A9 2 4 P fn n] 2 Sy i BE 482
R & B o O, R L N B 0 R Bh i 56
4 h, TCIRbe JRIESE LA

Bt R K B AR 46 BT AR R WL R AL B B R BT Y
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Properties of Polyglycidyl Nitrate Plasticizer

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

Abstract: To explore the application possibilities of polyglycidyl nitrate plasticizer (PGNN) in propellants and PBX explosives, a
series of PGNN with different number average molecular weight were synthesized. The relationships between molecular weight
and density, viscosity, glass transition temperature and volatility were studied. The compatibility of PGNN with the main compo-
nents of propellants and explosives were investigated by TG, and the hazard during storage and transportation were studied by
sensitivity test and transport vibration test. Results show that PGNN with molecular weight of 523 has a higher density
(1.43 g-cm™), lower glass transition temperature (=56 °C) and lower volatility (60 °C, 0.096 mg-cm™-h™"). PGNN is compati-
ble with HMX, RDX, AP and Al etc., and has good safety characteristics. Both the friction sensitivity and the impact sensitivity
are 0, and no combustion or explosion occurs during the 4 hours of simulated highway transportation test. This research reveals
that PGNN with molecular weight of about 500 is an ideal oligomer plasticizer.

Key words: polyglycidyl nitrate plasticizer;oligomer plasticizer;insensitivity ; compatibility
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