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3 80 C 60 mn N «OH
. 4
31 1 L,(3)
> Table 1 Factors and levels of L, (3')
’ factors
N«£D , s , levels A B C D
Ca(CI), T/C t/min 5AT KMnO,  C/mol L'
’ ’ ’ 60 40 32 15
KC D3 NaC D4 Bd)z S'AT 2 80 60 3 24 20
K,Cr0O, , 3 100 80 33 25
Note A, reaction temperaturg B reactin tmeg C themole rato of
) ) s ) SAT toKMnO,; D, NaOH concen tration
s ’ 2
3 %, Tabk 2 Results of orthogonal exp erin ents
’ Na A B C D vied %%
1 1 1 1 1 67 6
KMnO, s , 2 1 2 2 2 711
MI]Oz 3 1 3 3 3 73 9
’ 4 2 1 2 3 725
’ ’ KM nO, 5 2 2 3 1 79 6
6 2 3 1 2 69 0
32 7 3 1 3 2 59 2
8 3 2 1 3 63 5
? (A)’ 9 3 3 2 1 76 8
(B), AT KM nO, (C) N&OH ey 709 . 4 67. 4 74 7
(D) , ky 737 2.1 73.5 66 4
ks 67 2 73.2 70. 9 70 6
]’ 2 c ’ R 65 6. 8 6.1 8§ 3
5 Foos(z 2) =19 OQFom(Z 2)=
99. 00 3 3
2 3 : Table3 Resalts of variance ana lysis
( 1) A>B> G D, 5-AT sou rce square of deviance  degree of freedan  F value  significan ce
Q 10 mol , NaOH L 5mol* L', A 64 4 2 [V —
5-AT KM O, 3: 3 80 C B 733 2 L4l - -
. C 56 3 2 1 00 - -
60 m in D 101 7 2 181 - -
(2 R emor 56 28 2
, R
, N a2OH ; 4 NaOH
5-AT KM 10, Table4 Effectof NaOH concentration on yeild of product
NaOH concentration/mol® L' LO 1.5 20 25
( 3) 0. 05 y el Mo 73.3 79. 6 71 9 69 7
Q 01
N 4 s NaOH
N 20H , 1 5mol L ,
, 34
33 s : 5AT
5-AT KM nO4 0 10 mol KM nO, 0 10 mo] NaOH
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L 5mok L', 80 °C 60m in
’ , 5 5 GZT
5 GZT
Table 5 Result of repetition experin ents n P
num ber 1 2 3 average (%) GH N ( )G 16 8
v iold P 79 6 80. 2 76 8 78 9 (16 9),H 4 1(4 3), N 78 2(78 8),
5 . ’ R (KBr): 3445’ 3397 an”'
N—H ; 3202 an |
35 3092 an” =N"—H
GZT , , : 1697 ™' =N
50°C o . 1654 an ' =N'—H 1570 an” '
, N—H : 1399 an”
, , C—N ; 1197 an”' 1160 an”'
, n( ) In( )=25 1049 an” ' C—N ;
GZT 769 an” ' 737 an” ' 540 an '
6 7 , [ 8]
. GZT 'H-NMR ( DM SO-ds )
12 .

Table 6 Effect of reactibon tenperature on yield of G ZT

§7 21(s 12, NH»)

tem perature/C 40 50 60 70 ’
-1
vk f 8. 0 94,3 87 2 8L 1 GZT  TG-DTA ( I0K*mn ,
, 20mL* mn ') 1
7 GZT 1 , GZT ,
Table7 Effect ofmohr ratb of reactants on yield of GZT 240 C 270 C
n(GN) /n(GZT) 20 25 30 35 , DTA 253. 51 C
y el 2 88. 7 94, 4 94 2 91 0 GZT GZT TG
4 , GZT , 251 99 ~
25329 C 79. 8% R GZT
: 6 60 )
2 2 8
10 251.99°C 16
8 O
Table8 Resultof scale-up experinents 80 79.83% 12 3
scaleup tines 6 tinesA 6 tmes B 60 tmes A 60 tmes B 22 253.29C 8 é
yield Mo 84. 6 87. 2 8 4 83 6 2 9 4 32
25351°C g
£
) 0=
-100 -4
80% : 0 100 200 300 400 500 600 700
temperature / 'C

1 GZT TG-DTA
Fig 1 TheTG-DTA cuwes of GZT

583



16

ment of poly-nitrogen can pounds i energetic materils[ J]. Chmnese

6 Joumal of EnergeticM aterials (H anneng Cailiao), 2004 Z1( 12):
48- 53
5- ( 5-AT) , (4] . (D1
(GZ1) , 2002
5-AT GZT , YANG Li Researches on chen stry and application of nitrogen-rich
. can pounds[ D]. Beijing Beijing Institute of Technolbgy, 2002
( 1) GZT . 5-AT [5] R . [J] , 2003 13
0 10 mol , NaOH (2 - - |
. W ANG Hong she DU Zhtming Progress in synthesis and properties
L Smol L, 5-AT KM nO, 33 of nirogerr rich can pound| J]. Chinese Journal of Eneg etic M aterials
80 C 60 m in (H anneng C ailiao ), 2005, 13( 3): 196 199,
(2) ( ) 80% . 6] . (Dl ,
2005

W ANG Hong-she Sudy on nitogen-rich based gas generating[ D ].
( 3) ’ Beijng Beijing Institnte of T echnology, 2005.
GZT  TG-DTA o
, , GZT [J]. , 2005 28(3): 52- 54
XU Song-lin YANG Shrqing YUE shou-ti  Synthesis and characier
izatn of high-nitrogen energetic| J]. Chinese Journal o E xplosives &

[1] Hanmer A, H skey M, Holl G, et al Azidofoman dnum and
Propellants 2005 28(3): 52- 54

guandinim 5§ Sprineamtetrazolate salts [ J]. Chenistry of
M aerials 2005, 17 14): 3784 3793 18] ;
[2] XU Song liv YANG Shiqing YUE Shou-ti Synthtsis of bis ( trim ir Ll » 2006 14(5): 377- 380
oguan idin um ) -5, 5 -azotetram late] J|. Chinese Journal o Synthetic XU Song lin YANG Shrqing  Synthesis and properties of high-
C han istry, 2005 13(5): 486- 488
[3] ) , )
[J]. , 2004 Z1(12): 48- 53
ZHANG X ing-gaq ZHU Huij ZHANG Wej etal Application devebp

nitogen energetic can pounds based on azotetrazolate nonm etallic sals

[J]. Chiese Jounal o Energetic Materials (H anneng Cailao ),
2006 14(5): 377- 380

Syn thesis and Characterization of GZT

WANG Y thuj DU Zhim hg HE Chunrlin
CONG Xiaom in WANG Hong-she WANG C hun-ying
(SteK ey Laboratory of Explosion Science and Technology, BII, Beijing 100081 China)

Abstract Guanid num azotetrazolate(GZI') was synhesized fran 5 an notetrazole ( 5AT) by oxidatbrmr reduction reacton and
chem al comb natbn reacton The effects of reaction tenperaturg reacton tine molar ratio of reactants and NaOH concentration on
the reacton were d scussed The poper technological cond itbns were identified as folbws based on 0. 1 mol of 5-AT, N OH
concentraton 1. Smol L', n(5AT): n(KMnO,) = 3. 3 reactbn tan perature 80 C, raction tine 60 m n Under the known
optinun conditbns scak-up test ismade and the yield ismore than 8% . The stucture and characterzaton of the compound w ere
chamcterized by elment analysis R, '"H-NMR and TG-DTA techno bgy

Key words applied chemistty 5 am notetrazole (5-AT); guanidin um azotetrazolate( GZT); high-n itogen compound
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