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OE: LL3,4-X3-F IR E -4 -) AU W i (BAFF) i JsURE SR T BE M 5 15 B4 (A 3RO 19 =B I 5], &2 S A5 00 D 5 ik
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n(BATF):n(35%H,0,):n(98%H,SO,) : n(Na,WO,*2H,0)=1:60:40:0.86, J N i [i] 3 h, JZ I i )& 30 °C, YT 3K 93.3% ;2K ]
DSC % F1 TG-DTG 7 I 7 BNTF 19 #4823 52 ¥ |, 20 51 Kissinger 2 . Rogers % 1 Arrenhis 3% 11 55 BNTF #4 23 fif 52 N (1) 2% 00 7% 1k B
E,(147.83 kj-mol™) 48§ HI I + A (9.33x10" min™") Fl 43 fift 3 2R 4 40 k(2.18x107*) , 315 7 BNTF £y 4 J8 1 i 20 (7=
201.36 °C) ; FI Tl Kamlet-Jacobs 77 F2 /il 45 | BNTF (9483 (8.3 km-s) R (31.3 GPa) ;4> B3 M GJB772A-1997 J7 1 601.2 Fl
602.1 P4t BNTF F 1 75 85 (H,,=43.0 cm) FEE #8280 (36.0%) .

KR EHIEL 3,433 - SE I 3L -4 )R (BNTF) 5 & 15 5L s 0 it sl 24 s Mk
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CINTY A2 A B IS5 T 56 ONAN o Tps e TSV RERE RSP0 DKIESAE B4 25 I

L3, 4= il 35 R N G AL 0k I (DNTF) |, 15 2 242
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ANFFA 2 U AR SR, 38 25 38 0 s 2 120 ik R ol
Wt A PR A Y R . fE A SCRRIF I A R
AW 5T LA O3, 4-X0 (37-& 3 nk i -47-) A 1L ko
(BAFF) Ry JEURL , 838 i 2 1 G i BATF , 71128 48 Ak il 15
F A% ™= 9 BNTF, %SG #k i [] f& BATF (19 & i T 2 #E47
Ak, LB f 5 153 B4 0 30 R 10 0 — B ffk — K S fk
S5, FhE e SR koM 8 VA R MR R R VK R .
T BNTF 095 BUHLEE , i 2 15 5% 1 BNTF 58, S50 2%
ST BOREE R IS ] K BRI X BNTF 7 3 1) 52
Wi SEAh, o AR A & BNTF P REWF 5T 1Y
238 A /2000 T LA A TR 4 A A A S T A 9 )
BFPEA A FE T BNTE B 30 1 2, IR e

2 LIEER4Y

2.1 KFIENEE

oK HOEE TG OK & VTR RE L K & AL B
(SnCl, - 2H,0) . /K& & 1 (Na,WO, - 2H,0) .35%
i S AL SR 98% He A R L 43 Bt 2, iR B e Ak T3 5
I~ s BAFF, 523 2% 4 . Nicolet-5700 21 b W I )6 3
1, 35 [ L 23 7] 5 Advance 600 # 5 4% % 4L 4k 9% 3%
X, Bt Bruker 24 7] ; WRS2/2 A ML fAX , 1 1%
AL ZRAX A BR 2N 7] 5 Varian HPLC-MS 325 Wi AH 0,3 it
TR Y, 32 [E Varian 23 B ; Bruker smart Apex 1T X 5
2k 25 AT Y, 18 [ Bruker 23 ] 5 DSCQ2000 2 /1 1
AL, L E TAUER A F .
2.2 KIgtFE

LI BAFF K J5UK}, 25 SnCl,+ 2H,0/1N = ik 514k %
A G EE T A AR BATF J5 L 2R FH H,0,/H,SO, Ak ik &
A R FRFEH BNTF, & B 26 UL Scheme 1.

0 0
N\/ \/N/O NN
HaN NH HoN NH
2 >_8_g_< 2 8nCl,-2H,0 , Glycerol 2 2
5nClyr2H,0 , Giycerol
4 /B CH30H A I\
N\O/N N\O/N N\ /N N\ /N
BAFF . BATF
NN
ON )/ NO
35%H;0,, 98%H;80, 02 d
N32W04'2H20 / \
Ne N N_ _N
\O/ \O/
BNTE

Scheme 1 Synthetic route of BNTF

2.2.1 BATFHIE B

FZWR T = R A 10.0 g BAFF.100 mLJG
K EE B2 THE 2 75 C Pk 2. $57.3 g K
AL B AT 300 mL 40% BT =55 , R 18 A =
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PO i 585 75 CCIRNE 5 he 45 1R A HI B,
A IR EAC RN IR IE I vKOK PR, B T, A5 2 [
K BATF 5.9 g, IR N 63.2%. # 45 182.6 °C(3CHik
f°" . 180.0~182.0 C ) . 'H NMR (DMSO-d,,
600 MHZz)6:6.61 (s, 4H,NH,) ; ?C NMR(DMSO-d,,
150 MHz) 8: 156.22, 144.23, 136.23; FT-IR (KBr,
v/cm™) : 3456 (s) , 3323 (s) , 1632 (s) , 1605 (m) ,
1567(m),1383(w); m/z(APCI):234.8[C,H,N,O,"];
Anal. calcd for C.H,N,O,:C 30.51,H 1.69,N 47.46;
found C 30.57,H 1.65,N 47.40.
2.2.2 BNTFHIE R

KR EAET 1 = FOR A 12 g Z/KE R M,
HLZ12 A 85 mL 35% i AL A IF IR BB HE A, TH
Be JE ) = OO 28 12 0 105 mL 98% W B IR , ¥
il S AR BRI EE 5 CCRAF o |2 h s ik wom A
10 g BATF, vk &~ N 3 h, 7+ 2 30 Clx
B2 ho fE RN, A EER A AR
UE I VKK VR U LS TR AR B (@ [ 1A BNTF 11.7 g,
WK K 93.3%. 4 86.3 *CSCHRE®:82.6~83.9 °C).
"C NMR (DMSO-d,, 150 MHz)8:160.86, 142.64,
139.47;FT-IR(KBr,/cm™):1533(m),1349(m),1612(m),
1573(s), 1466 (w) ; m/z(APCI) : 249.8[C,N,O." ],
203.8[ C,N,O," ] ; Anal. calcd for C,N,O,: C 24.53,
N 37.42;found C 24.32,N 37.83,
23 BEREMNEFSEHNE

DL 0T 5 00 Mg RS R RE A BNTF, T % IR
T E RO AR R JE IR B4 5 (CCDC:
830077). EHULF0.120 mmx*0.110 mmx*0.090 mm
B, T CCD P 2RI X5 2k B di A7 S A B R A
A FLA g8 LA AL I Mo-K 4 (A=0.071073 nm) # 47
FAH A S5 R 1 A BT SR Ak R R R SHELXL9 7P 5
WMo 1E193(2) KIRE T ,2.496°<0<28.266°,-7<h<9,
—12<k<12,-20<I<20 N, FLCERT I 55103981,
Horpoh 7 A5 5 2571 A LR(int)=0.0312], &A1
TTAE B SHELXL 8 7 31580 5K il , 42 88 B4 28 42 B e
INTIIERLE .
24 ETABMERSW

DSC.TG-DTG 43 #7 2% F§ DSCQ2000 I % % 2 74
22N AR R P, B A E R 30mL-min™,
TF R R4 9 5.10.15,20 °C-min™', Z LN
a-ALO,, = 58 HH i .
25 4FEMEEMEESI

K HI DFT-B3LYP J7 i, 7E 6-31+G(2df, pH)JE 40
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X BNTF #1745 #0846 , Fl ] Kamlet-Jacobs 77 2 Tl
T BNTF (4 42 3 AR F |, 91 F B 0 ) 5 0 K O i 7™
Py Az LR M AG R A . % B G)B772A-1997 J5
2 601.2 38 BNTF A9 45 M 9% & H,,, K & F 8 5 kg
PR, 25 i (30£0.5) mg, i I8 i B 20~35 °C, AH X i
JE<80%., &M GJB772A-1997 J5 1% 602.1 ik BNTF
Y PR 4 R R 1 R H AR A 90°, KK 3.9 MPa, 24
#(20+0.5) mg. M B B LS R i
CRUEIE EIE ol 2

3 #R5WiE

3.1 BNTFHIE M HLIE

BNTF i & B HLFE 4 Scheme 2 fIF 7% o 76 IR 1 7
Wb, H,0, 5 H G A MU= %) 15 7% 1 5 BATF 3 1
PN AR I B, K R HY S A B = 1 25 72 ) 2 [l = )
1 RN, WK HER S, PR K B HA 2= 35 7™
Yy 34k S 5 0 RO, K B HYE A 4. 7
Y 41 N I Z 3R A AL HUEL ] b rads | e BR 1 4 1 F
5 =45 F W H,0, % 2L 50 J5 A L B AR 79 BNTF,

H—0
H—0 . N+
\ +H O0—H
0—H _— /
H H
0 HZ?’ L0
N\ /N HQ~H N\ N HH
[ A S e
N -M3
N/ \N N/ \N N, N N \N
A A NaAs
0" patr © 0 0
N’O‘N :2$ N/O\N
\ g A e
H N—OH e HoN NH—0H
N i H" transfer
N_ N N_ _N N. N N_ _N
o
IUN N
N /N f,bH? N\ /N
H N— H,N N=p
: gy (N
/A I\ 7\ \
N\O/N N\O/N N\O/N N\O/N
HaQy
0 2 0 H
EUN Ve A\
N\ N 9= N\ /N q
N k2 — 0
/A /A /A
N\O N 3 N 5 N N\D/N N\O/N
0
NN g o NN ¢
H \ \N+=O -+NI N/ N
i «3H,0, 07 Y
N/ \N N/ N N_ _N N/ \N
N NA7 N NA”
O 4 0 O i ©

Scheme 2 Synthetic mechanism of BNTF
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3.2 XEFREMEBATFHE R

BATF & & A BNTF 1% ¢ g rfr [a] {4 , SC ik — i LA
BAFF J 5L L, 5 SnCl,+ 2H,0 ik 5 #1715 BATF, = % %)
70%"7 KM SnCl, - 2H,0 & A= K fi % RN R T
SRR TP ) Wk AR R LUK PR IS R . AR SEER L 40% Y
P =B R, A B0 & SnCl, - 2H,0 Y 52 v §4 i
AR BATF P2 R K (63.2%) BN =B B 5 15 . 45
IR, BE SR T OBl R R R Tk ER TR L VK TR 1Y
T BEAR T A A TR A LA B
3.3 BNTFEMZImEE
3.3.1 REYEREMFME

KPRIIE BATF 437 Hh 1) 2 3 ] B8 4804k 0 il 3 | 36k
B B BE 7 0 AR B, T A HLO, RN B R B K LR T
T, DT A O S Ak R0 8 PR R Ao 7R S I B2 30 °C L
NLE ] 3 h B A5 AR S 2B 58T BN ) R R HE X
BNTF UYL Zm (£ 1), MR 1T, HER LA
n(BATF):n(35%H,0,):n(98%H,SO,):n(Na, WO, 2H,0)
=1:60:40:0.86 i}, BNTF TR Fe AL, 7T 35 90.2% .

R R FEXS BNTF IR A 521
Table 1  Effect of molar ratio on the yield of BNTF

n(BATF):n(35%H,0,):n(98%H,SO,):n(Na,WO,*2H,0) vyield/%

1:50:40:0.43 75.4
1:50:40:0.86 89.3
1:50:40:1.72 88.6
1:60:40:0.86 90.2
1:80:40:0.86 89.2

3.3.2 R RZEIE A

MRz RN W EE R n (BATF) : n(35%H,0,) : n
(98%H,S0O,) : n(Na,WO,*2H,0)=1:60:40:0.86, JZ
N7 i BE 30 °CHR, Jsz iz B ) % BNTF 50256 11 52 i DL I 1,
FH L1 AT 7R RN 3 Y A K S g B TE] R AT AR
= BNTFICR 3 h 5 K0 #8584, IR TK 90% .

90+

40

1 2 3 4 5
t/h
1 SN A% BNTF U 2 4 52 1)

Fig.1 Effect of reaction time on the yield of BNTF
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333 RNEEREMNZIE

TEFE IR I n(BATF) : n(35%H,0,) : n(98%H,S0O,) :
n(Na,WO,*2H,0)=1:60:40:0.86, JZ i i} [8] 3 h f)
ZAER 25 28 SN TR BNTF IR 1 B i, 52 56 45 R
mE 2 i W E 205, K& RN R,
BNTF W R S 38 s vk /1N , 30 Ch is 8 e . X 2
T U BE AR R R AN 8 A 7 R, A
SN U BE B T AR T A R AR A R R R T
P e (B B R BE ) e B 1 BRI ) A i, BNTF |y 7™

N N R
90- .
\.
80 \
=2
= 704
60-
S 25 30 35 40
TIC

B2 S X BNTF I 5 1
Fig.2 Effect of temperature on the yield of BNTF
3.4 BREEHSH

BNTF {45 301 B ft AR K0l LA K 25 A Ak S 5003 2,
PERE VRS B AR AL fA UL AR 3, T A DA S oy
A R I HERR, 43 R TR 3 R 4. A Hras ]
H1,C(1)—C(2)(0.142 nm) .C(3)—C(4)(0.142 nm) Fl
C(5)—C(6)(0.142 nm) &4y 5l J2& 3 4~ 0k i 0 28 1 i
e C—C XU, C(2)—C(3)(0.146 nm) FI C(4)—C(5)
(0.146 nm) i H %3 Y C—C B (0.151 nm) 5, it
A 3 AR IF PR SRR T K v B, AT (45 BNTF Bl H 4%
I B P e M (VR 198.5 °C) . BNTF 43y
34N ER Y C(1)—C(2)—C(3)—C(4)—C(5)—C(6)
T W W 8 B FILEG ff 43 900 A T 3 A4S [6] A S T, 7 25 TR
% ik G Ay HE B IR %, RS Ry T
AR AE o MO, BNTF 43 Z ) 44 J2 R HE S | 3 5 3 7
M EAEN, Z5)AZ B E N 354 pm, L iEEAE
FH 18, 43 F 1] /= B AT 7 b 8 % ME B A9 BNTF 3£
P B % (1.876 g-cm™) . BNTF [@] DNTF (4
i M FRRH BL L 43 BT e % BNTF FI DNTF 8 b i) 21 558 g
K AP BNTFAY C(3)—C(4) (0.142 nm)#E KA
DNTF(0.140 nm) 34 & ,BNTF () C(1)—C(2)—C(3)
(133.8°) A N(1)—C(1)—C(2) (130.5°) % ffi # L&
DNTF(132.3°H1 129.1°) 3 K, 156 B wk o 3 b 25 1R 41
Rk SE A G, 4 F R % HE BB B RIS, 453 BNTF /Y

CHINESE JOURNAL OF ENERGETIC MATERIALS

WM DNTF(1.937 g-cm™) 4 Btz

2 BNTF B 5 e 254 R fb 40 7y

Table 2 Crystal data and structure refinement details for
BNTF

empirical formula CN,O,

formula mass 296.14

temperature / K 193(2)

wavelength / nm 0.071073

crystal system orthorhombic

space group P2,2,2,
a/nm 0.71437(10)
b/nm 0.96839(11)
c/nm 1.51555(17)
volume / nm? 1.0484(2)
V4 4
D./g-cm™ 1.876
absorption coefficient / mm™ 0.173
F(000) 592

vV / mm? 0.120 X 0.110 x 0.090
0/(°) 2.85t0 28.23

index ranges -7< h<9,-12< k< 12,-20< 1<20

reflections collected 10398
independent reflections 2571[R(int)=0.0312]
completeness to theta=25.24 98.9 %

refinement method full-matrix least-squares on F?
goodness-of-fit on F? 1.056
final R indices [1>20(1) ] R,=0.0288, wR,=0.0715

R indices (all data) R,=0.0327, wR,=0.0748

&3 BNTFREREMERE I B A S A

Table 3 Selected bond lengths, bond angles and torsion an-
gles of BNTF

bond length/nm  bond angle/(°)
C(1)—C(2) 0.142(2) N(1)—C(1)—C(2) 130.05(18)
C(3)—C(4) 0.142(2) N(2)—C(1)—C(2) 110.6(17)
C(5)—C(6) 0.142(3) C(1)—C(2)—C(3) 133.8(17)
C(2)—C(3) 0.146(2) C(3)—N(4)—0(4) 105.3(16)
C(4)—C(5) 0.146(2) C(3)—C(4)—C(5) 129.7(15)
C(1)—N(2) 0.129(3)  N(7)—0O(5)—N(6) 111.7(14)
C(4)—N(5) 0.130(2) N(4)—C(3)—C(4) 109.0(16)
N(5)—0(4) 0.138(2) N(2)—C(1)—N(1) 119.2(18)
bond torsion angle/(°)
C(1)—C(2)—C(3)—N(3) 24.97(10)
C(6)—C(5)—C(4)—N(5) 120.97(7)
N(3)—C(2)—C(3)—N(4) -154.98(6)
N(6)—C(5)—C(4)—N(5) -61.04(8)
O(1)—N(1)—C(1)—C(2) 18.71(9)
O(6)—N(8)—C(6)—C(5) -14.85(9)

o
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EIS B, R, I,

3 BNTF 2 T45H
Fig.3 Molecular structure of BNTF

B4 BNTF i i i 3k 7R
Fig.4 Crystal packing diagram of BNTF
3.5 RO AhE

BNTF7E5,10,15,20 K-min™ A [a] J} 58 %R Y
DSC & & 5 s . K5 A UL, BNTFZE 5 K-min™
) R P T I Ao R v S T A R A i R — A s A0
86.9 CAb 1y 2 551 W P g Sy oA 425 1k 06, U ) BNTF 3%
SRR W AR S5 M 2 R Y SR AR R . BB TR
JE B % T N 159.2 CCHF B H B — Nl B |
B S & B Sk, 6 {E R 183.9 °C. 7F 190.8 °CHY,
DSC iy 2 2= 30 Hh i #A ka #5, BNTF 26 %0 B T & 2B 43
fifg , i PG 6 Ay 198.5 °C, Ui 1 BNTF ELA 48 4 il #1

53 Hr TG-DTG i 2 ] 1 (&1 6) , BNTF 1 87.0 °C
B ST G R 4 4%, O BNTF (9 fil Ak o A% 0 24 38 T
% 154.1 CHJF 4R 38 — Wt &t 4002k, T it AR fk
fe KR R 177.0 °C(DTG IE{H) , 5 DSC it iy
AR W R (A WA, 188.6 SC T 45 % 40% .
Mk 2L Th R E 193.2 CCHE, B A R A R
DTG W {H J9 203.8 °C, 5 DSC il 2k #Y 43 fi# i B 0 i
W4, THE E 212.5 °CIF BNTF 23 fif 58 4, i & 7
1K 60% .

Chinese Journal of Energetic Materials, Vol.29, No.1, 2021 (70-77)

+ —5K—15K]
exo —10K—20 K

0 \/p“
e\

B0 90 120 150 180 210 240 270 300
temperature / °C

heat flow / W-g'

B 5 BNTFy DSClliZk
Fig.5 DSC curves of BNTF

5
100
la
80 g
< 60 1P
P 2 8
[%2]
8 40 §
2 11 §

0

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

E6 BNTFITG-DTGHZ
Fig.6 TG-DTG curves of BNTF

53 BT AS 6] L 2 32 (19 DSC i 2 n] 1, BNTF 1
3 A ik B A T i R A T T 2 R R MR AN [
Thilik# 3 (B) T IRk il B (W (R 7)) R 5 v
DSC MR 45 5 A A0 (1) ] e 5 m # s %l
T AU IR T, (£ 4) .
T,=T,+b8 + B> +dB °i=1,2- N (1)
A, T i #RGE A5h B I IR Y IR T, °C 5 T,
TG A T I R A W R TR BBE L °C 5 B, 1R 14 i A
HAELC-minTs b, o, d W E . THERBM T,=
188.7 °C,

FIH Kissinger 28 3 (2) %) [Rogers 22 2 (3) ' il
Arrenhis 22 30 (4) 2 TH S A3 i 36 WL AL 1R E, 4 A A
T AT ik AR ko s RIS L B £, AN T i B R

R4 AFETHEREAR T BNTFR) T80 T, 155
Table 4 T, of BNTF at different heating rates and calculated

value of T,

B/ C-min T,/ C T/

5.0 198.5
10.0 2071

188.7

15.0 215.4
20.0 224.9
Note: 1) B is heating rate.
A A AL www.energetic—materials.org.cn
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T T 0 I i 43 i el T, AR A (5) 2, T it
PR I R B T, AR MR 5.

R5 BNTFRHIR N 12225
Table 5 Thermal decomposition kinetic parameters of BNTF

E,/ kJ-mol™! log(A/min™") k(25 °C) T,/°C
147.83 15.97 2.18x107* 201.36
Bi AR Ea
In( ~|1=In|—] - (2)
T, E, RT,
Ea Ea
A= exp (3)
RT* RT
P p
Ea
k = Aexp| — — (4)
RT
E, - JE* - 4RE,T,,
T, = (5)
2R

%, T, G R Sy B IR (1 e F 0 B, K58, 1URE 1Y
ThL %, Kemin™ s ROV SRR 40, 8.314 J-mol™-K™';
ARFERETH T, min™ s B RMTEALEE ) -mol ™' kN 7E
T BE R T, 3 i R 8 2, min™
3.6 BNTFHI4FIEMERE

XF BNTF (1 45 22 Mg A7 Al 38 (A0 (6) L (7)),
(8)), Wil HpE K 8.3 km-s™, ¥ E K 31.3 GPa, /&
ol 6478.8 )-g7' % GJB772A-1997 J7 i ik I
i 5 ¥ H,,=43.0 cm, BEE R E N 36.0% . 45 &
B BNTF M e R AF R R

i 172
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Synthesis, Crystal Structure and Performances of BNTF

WANG Po-hui', ZENG Lian', SHEN Si-jia', WU Jin-ting', HUANG Ming’, LI Hong-bo"
(1. School of Materials and Engineering , Southwest University of Science and Technology , Mianyang 621010, China; 2. Institute of Chemical Materials ,
CAEP, Mianyang 621999, China)

Abstract: 3,4-Bis(3’-aminofurazan-4’-yl)furazan (BATF) was synthesized by reduction with stannous chloride in glycerol using
3, 4-bis (3’-aminofurazan-4’-yl) furoxan (BAFF) as raw material. 3, 4-Bis (3’-nitrofurazan-4'-yl) furazan (BNTF) was prepared
from BAFF by using hydrogen peroxide as oxidantwith total yield of 59.0%. The structures of BATF and BNTF were characterized
by '"H NMR, "C NMR, IR, MS spectra and elemental analysis, and the single crystal structure data of BNTF was obtained suc-
cessfully. The crystal belongs to orthorhombic system, space group P2,2,2, with crystal parameters a=0.71437 (10) nm,
b=0.96839(11) nm, ¢=51555(17) nm, V=1.0484(2) nm*, Z=4, D.=1.876 g-cm™, F(000)=592. The influence of molar ratio,
reaction time, and reaction temperature on the yield of BNTF was investigated. Results show that the optimum conditions are as
follows: n(BATF):n(35% H,0,):n(98% H,SO,) :n(Na,WO,*2H,0)=1:60:40:0.86, the reaction time is 3 h, the reaction tem-
perature is 30 °C and the yield of BNTF is 93.3%. The thermal stability of BNTF was determined by DSC and TG-DTG methods.
Apparent activation energy E,(147.83 kJ-mol™"), pre-exponential factor A (9.33X10"” min™") and decomposition rate constant k
(2.18x10™*) of thermal decomposition reaction for BNTF were calculated by Kissinger method, Rogers method and Arrenhis
method, respectively. The detonation velocity (8.3 km-s™) and detonation pressure (31.3 GPa) of BNTF were estimated by Ka-
mlet-Jacobs equation. Characteristic drop height of impact sensitivity (H;,=43.0 cm) and friction sensitivity (36.0%) for BNTF
were measured according to GJB772A-1997 methods 601.2 and 602.1, respectively.

Key words: melt cast explosive; 3, 4-bis(3'-nitrofurazan-4'-yl) furazan (BNTF) ; synthesis; single crystal; thermal decomposition
kinetics; performance
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