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2.1 WBIRERBEELEY

1994 4, Dave 45 A" 3 3 B0 b A [ 7 2 4%
N,N'-Z “ BB TCS | AR =G 450 b, T B8 A
PRI 1,1,3,3- IR (N, N-Z g ) -5 ,5- &
=Wl [ Scheme 1a]  ZEIEIERE B XA T —FR 5 AT IR
W =W &, &8 7 1,1,3,3,5,5- =12
(N, N-Z — fi§ M) ¥ = # B [ Scheme 1b ],
1,1,3,3- 18R (N,N"-Z 1§ i ) -5 ,5- A =W lig F
1,1,3,3,5,5- =883 (N, N'-Z Zfi e ) ¥ =BG 40 &
IARZERE) (J5 5553900 242 ~244 °CHI 203 ~205 °C, % 43
Bk 1.898 g - cm T H11.887 g - cm ), BLAM, BFIE K
M1,1,3,3,5,5-ZIRI (N, N'-Z fifi i) 35 = Bl 2544
B , Hgi o R AN SR 5 RDX KL
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HA BB N Scheme 2 FiR .

1995 4F, Forohar 25 A" & T & N, N'-Z, — T i
BT AR =BT AR, B9 11,1,3,3- 2R -
(N,N'-Z 1) -5 ,5- — 5 I =W i (Scheme 3) [
ah IR R 1,913 g - em T, EEEL A ik
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il 55 EERRALE IR S BIE AT, K 5 T 1, 1-0508
(Z=Wg) -3,3,5,5-V0@ I =W iFf 0 B, 0 g 1 H: o
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1,1-780H-3,3,5,5,7,7-75 & A L3R 1B 4 11
@A J 5 72 ~74 °C., Forohar 25 A" i % 7 15
Yitts T DSC FE k25 (FA-956 Frifidh & 25) , IF
5SS A MHE (Po(Ny), ) #E17 T I8, g5 R FEMW,
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TF 46 e B0 4 i, PEBER Ay f# 46 O — 2451 ) - g7 i
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49 MPa; i & A 0 B BR Y . = G Ak W LA R O
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5, PolyGLYN H [, A7 4 i 1Y fE & % & M 70 il 4
N LN PPZ-E, \PPZ-E, il PPZ-E, JHi 1 % )% Ho 30 A &% RE A
P = =
ﬁ/ \T NH,CH,CHoNH, NN NaNgecetone %77 PolyGLYN 43l it 57 % .63 % Hl 38% . [H] i
G, Ao N T LA R R R IR 0 2R BRI £ 48 U R R0
N ™~ ; 2 s
o VN o NN, G TERE, T, Jy 24 ~ =33 °C,
H—N\ /N—H ON—N /N—Noz £ 1 PPZ/polyNIMMO i &4 ffy 1k fiE
N/P\N NO,BF4/CHCN N/P\N Table 1 - Properties of PPZ/polyNIMMO
Na—u’\ /L—Na N3—L|\ ¢}L—Na mass fraction T,/C energy density/) - cm ™
/N /N 100 -32.8 1638
N3 N3 Ng Ns
80 -28.7 2064
Scheme 7 ENTA 60 -29.6 2490
40 -30.4 2916
0 -45.8 3768
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fRERERIMERE, L3R 1 ISR 2,

M1 k2 o, bEE PPZ &= ayig KRG
L] PPZ/PonNIMMO p il PPZ/PonGLYN Bk 385 AL IR
J T, W A, 7 Bl i e 2 P S B K, skt i ) 3¢
T 16 1 BRI oRG 5 90 A R A IR M e RN AR Bk
U RE R R

T A 4 R A T IR I R ) 0 i K
F-,2006 4F , Peter 4570 AR LA HF ST LA E L AL
0 7 4 SR T R AR [ 445 i LA, 8 T S A R
&7/ PPZ-E, ,PPZ-E, F1 PPZ-E, (Scheme 9),
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% 2 PPZ/polyGLYN {B& W1 RE
Table 2  Properties of PPZ/polyGLYN

mass fraction T,/C energy density/) - cm
100 -30.0 2900
75 -32.4 3117
60 -32.7 3247
50 -37.3 3334
40 -40.3 3421
25 -43.3 3551
0 -45.8 3768

*3 PPZ-E nyttae
Table 3 Properties of PPZ-E

energetic density Ty decomposition energy
binder Vo - om-? i energy density
8 /g /) - em™?
PPZ-E1 1.69 -32.5 2690 4550
PPZ-E2 1.65 -23.8 2880 4750
PPZ-E3 1.45 -35.2 2760 4002
polyGLYN 1.45 -30.0 2000 2900
polyNIMMO ~ 1.26 -33.0 1300 1638

?\? ONO,
o ok Ix
| o (-NaCl) | —N 95% HNO3 IL—N
|—N ) —— |_ . nitration |_ "
Cl %o 0
0

0
]x ]x
NaO * O"{\ ONC2

PPZ-E;(x=1)

PPZ-E;(x=2)

x=120r4 PPZ-E3(x=4)
Scheme 9
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B T BEWERG SR IR K A A0 , 38 2 1k 2 w0k 38 AT DA
B R B O 8 09 & ZORS G R, 2008 4, Kason 46
NPT D 2 B W I B URS 43 77 (Scheme 10) -
WEFE 7 HAR 5 SRR TR [ 16 4% 1 b sg Bk 1A B AR OGP B

DL b DU 28 B 28R ORGSR W I 1 5 LR B A2
Scheme 11 s,

Uk & A B R #EE 5 PolyGLYN F1 PolyN-
IMMO [PEREXT L WL 4, B3R 4 BT Bl B2 &
RUEE ERE A I AL EA RAF R, T, o~
70 ~ =100 °C IR MEREIE R L R, X FEREA R
SRR Ty 2= VR I T REAL S R AR W

N3

=t

OCHzCF3

U

P—N

©) ¥ ©) )
Scheme 10

7] T e
b Hot =t

OCHZCFa

O

L

Scheme 11

R4 U R IR W Y P e
Table 4 Properties of four azide-substituted polyphosphazene

energetic density T, decomposition energy

binders /g-cm™ /C energ)ﬁ] density 3
/)-8 /)« cm

(1) 1.12 -92.5 1425 1872

(2) 1.35 -73.4 1825 2465

(3) 1.16 -99.5 1665 1930

(4) 1.29 -64.0 1830 2360

polyGLYN 1.45 -30.0 2000 2900

polyNIMMO  1.26 -33.0 1300 1638
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Development of Synthesis and Application on Phosphazene Energetic Compounds

XIAO Xiao, GAN Xiao-xian, YU Hong-jian, LIU Qing, LI Lei
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract. The development and application of cyclophosphazene and polyphosphazene compounds in energetic materials in recent
years were classifiedly reviewed. Some synthesis and research trends of phosphazene-energetic materials were introduced. Spiro-,
azide- and spiro-azide energetic cyclophosphazene compound are the three most important hazard primary explosives which have
attracted more and more attention due to their excellent performance and distinctive structure characteristics. Azide- and nitric
polyphosphazene will be of important significance to development environment-friendly energetic binders because of higher energy
density and decomposition energy compared to conventional ones.
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