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2.2.2 3,3-BEW(3-SE=mk18) (ABATF) & B

THET % 4.0 g (17mmol) BATF fif A 50.0 mL
(36 % )@ , Z Wi 2.7 g (17 mmol mol) &4k
PR SR 7K W, R B[R] Sy 200 mine R 0N 98 HE T IR 2
50 CJ i 5 h ) b ik TR s R 3.2 g, Ik
ZH 82 % , 4l JiF 98% (HPCL) ,'H NMR(DMSO-d, ,
500 MHz) ,5: 6.65(s,H, NH);"”C NMR(DMSO-d, ,
125 MHz), §:162. 54,155. 88, 144. 59, 142. 58,
137.97,136.01; MS(El) m/z(% ) : 468 (M*,11 ),
438(11),411(14),206(10),149(18),96 (23),
69(21),58(60),30(100) ; IR(KBr,p/cm™"): 3480,
3340 (—NH, ); 1641,1607, 1391, 1156 ( Wk 0 3§ )
Anal. Calcd for C,,H,O,N,,(%): C30.76,N 47.86,
H 0.855; found C 30.65,N 47.92 H 0.831,
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Fig.1 FT-IR spectrum of ABATF
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3.5 MEHEMRIL
3.5.1 fn#ietiE
KMnO, i filn B [8] X ABATF e A9 52m IL 3% 1,

R 1 KMnO i hi i (5] %F ABATF 15 4 i) 5 il

Table 1 Effect of dropping time of KMnO, on yield of ABATF
time/min 10 20 30 40 50 70
yield/% 70 82 81 75 72 68

T30 I KMnO, #3372 i A — & B A, R ™=
AU, 2 R DR L TR T 3 R e R B vhoR
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AEAE L2 A g B T I s [) 5 4 R B i R A, i3k T
AL, 24 KMnO, i hnes (3] 24 20 ~ 30 min, 038 fz 5 o
SIE IR s () AT SR R AT . 3 AT g R PR A R n e ]
o, AR B R ) G i 3 BOBOCR AR, DRI 3 P 1Y TR
nestE & 20 ~30 ming
3.5.2 SH4FAE

ANFE R KMnO, % ABATF I3 1y 5200 W3 2,

22 A AH W, n(BNTF) : n(KMnO,)=0.5 : 1
B ISR G, X AT B2 A O KMnO, F 2 K /b fiff )2 7
ANRESE AT, kS i KMnO, 19 &, n(BNTF) :
n(KMnO,) =1 : 1 B e, o 82% , 4k 2L 39 fin
KMnO, (1) J] £ R AT $2 &, [F] ), 2o 5 1) KMnO, 23
FER R A= W 22 1 TE L ER MnCLL i KCI B I 7 b
Mg, i, n(BNTF) @ n(KMnO,)=1 : 1 il

#£ 2 n(BNTF) : n(KMnO,) % ABATF i % ) 52 i
Table 2 Effect of n(BNTF) : n(KMnO, ) on yield of ABATF

n(BNTF) : n(KMnO,) 0.5:1 1:1 1:2 1:3

yield/% 62 82 81 81
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MF 3 AT LU, SR JE O 40 CE A 58
a3 WCRAR s YR 50°C, AR f e iR B 82% 5 4k
S A v ORI BE WO R B o X AT RE 2 PR O £ R Y SR
PN O v 51 R R B R R AF ™ A Y S
P, 5 Bl 9 vk JBE IR A S 1o AN 5 20 IR R AR
PR IHG 36 B Y SRR EE S 50 °C

F3 RN ABATF I35 i

Table 3  Effect of temperature on yield of ABATF
temperature/°C 30 40 50 60 70
yield/% 65 75 82 72 50
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KMk dE g 7R 288.9 °C, M ik F] 363.3 °C
Bf, RE K 75.4% YR E T = 5] 568.5 °C, JLF %4
K, HFEDENRE(11.7% ),

Zeat DL b A R W . ABATF 78 2 ¥ B v Je 5 &
Ja o3, ORIy 295.5 °C,
3.7 ABATF fyltgeit &

K Fl GAUSSIAN 09 F2 % 1l VLW 18 %
Fel'° 41 ABATF Fil BATF fyP:fE, 45 5% 4.

MK 4 ] LUE L, BATF Ak A iUl Ak &9
ABATF LG RE &34 i, H BB S i e S5 e o

& 4 ABATF FI BATF ()4 1k Fl g 5 M RE R L
Table 4 Comparison of physico-chemical and detonation per-

formance between ABATF and BATF

properties ABATF BATF test condition
appearance yellow solid  white eyeballing
density/g + cm™ 1.765 1.683" Gaussian09 program
dissolubility soluble in soluble in experimental method
acetone acetone
and DMSO  and DMSO
melting point/°C - 183.6 DSC
decomposition 295.5 310.1 DsC
temperature/°C
detonation velocity 8250 7089 VLW method
/m -5
detonation pressure 29.4 21.39 VLW method
/GPa
enthalpy of formation 1626.6 490.4 Gaussian09 program
/k) + mol™
explosion heat/J - g™ 6350 4965.6 VLW method
Note: 1) represents experiment value.
4 % it

(1) L 3,4-80(3 -2 Huk i -4 '-35 ) 4 Ak uk ip
JERE 28380 5L L AL SO A R UL SCHER i E 19 16 S )
ABATF I3 82% , Il it L1 4F B T i T 2 At
X A5 M EAT T SRAE

(2) 4L SN A5 A HEAT T ARAL 88 T SR A
RS R KMnO, 5 BATF fJEE/R L 1 2 1,
KMnO, @& et a] > 20 ~30 min, 52 5 i )& Sy 50 °C,

(3) X} ABATF [ #VEpe Wb s & Pk e kAT T
M A5, SRR, H o iR B 295.5 °CL 1R
B, AR AL T BATE, J& — Fh B A N H 5 1)
B REA KL
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Synthesis and Properties of a Novel Energetic Compound 3 ,3’-Azobis(3-amino-trifurazan)

JIA Si-yuan, ZHANG Hai-hao, WANG Bo-zhou, HUO Huan, ZHOU Cheng
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract. Using 3,4-bis(3'-aminofurazan -4'-yl) furazan ( BATF) as starting material, a novel energetic compound 3,3'-azobis
(3-amino-trifurazan) (ABATF) was synthesized by oxidation reaction, with the yield of 82% . The structure of ABATF was charac-
terized by NMR, IR, MS and elemental analysis. The optimized conditions of oxidation reaction were obtained as follows: reac-
tion time 20-30 min, molar ratio of BATF to KMnO, 1 : 1, reaction temperature 50 °C. Thermal properties of ABATF were studied
by differential scanning calorimetry and thermogravimetry-differential thermogravimetric. The detonation performances were calcu-
lated by Gaussian 09 and VLW equation of state for detonation. Results show that the maximum decomposition point is 295.5 °C.
The computed density is 1.765 g + cm™ , explosion velocity is 8250 m « s™' | enthalpy of formation is 1626.6 k) - mol™ , detonation
', indicating that the performance of ABATF is better than BATF.

Key words: 3,3'-azobis(3-amino-trifurazan) (ABATF) ; synthesis; thermal properties; detonation performances
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pressure is 28.4 GPa and explosion heat is 6350 ] - g
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