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Table 1 Impurity comparison of 5-NaNT before and after pu-
rification’"”!

raw NaNT purified NaNT  copper impurity
component solution / %  solution / % complex / %
5-AT 0.68 0.33 7.90
1H-tetrazole 0.47 0.18 10.62
5,5 -bistetrazole  0.01 ND 0.48
5-nitrotetrazole 15.60 11.24 53.27

Note: ND is not detected.

o2
/

B2 [H,0][C,CuN,,O,]3H,0 Ky 5 kit 4k g g 8
Fig.2 The single crystal structure of [H,0][ C,CuN,;O,]-3H,0"
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Fig. 3 Lean process to 5-NaNT solution'"
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Fig.4 A continuous flow system for preparation of 5-NaNT
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Fig.6 Process route of synthesizing 5-NaNT using titanium peroxide system and the morphology of DBX-1"*
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2011 4, Fronabarger %7/ #i2 38 T DBX-1 81 & A&
Ir¥E . %07 B LA R 5-NaNT F 4 k4 (CuCl,) Jy J5
RE LLPUIR I R 88 38 R R A L DBX-1, &b & it
UE KVE T, 158 DBX-1, 7% 8 80%. WM E RS
WH5E T DBX-1 W5 G MR, JF 5 RD1333 #E47 T Xf Lh.
S5 R DBX-1 FERVMERE IR PE A R KRR T

%2 DBX-15RD1333 g ghe 1%t 11>

5 RD1333 4. 7etfrZi g e 1 J7 I : DBX-1 &K
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JHITE] FE DLABEHR, fi e 55 (WL 3% 3) o
N—N
N\ CuCl,, Naascorbate . W NPel
N NG, water, heat w
Na+ \NOZ
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Scheme 5 The synthesis routes of DBX-1 using CuCl, and

sodium ascorbate'?”!

Table 2 Comparison of DBX-1 and RD1333 hot wire initiation ability'?”’

constant current

capacitor discharge

material bridge / mm
mean / mA all-fire 99.9% / mA no-fire 0.1% / mA mean / volts, mF stored energey / m)
DBX-1 0.0254 252+17 304 201 77.62+0.00, 1.0 3.01
DBX-1 0.0127 1065 121 92 122.89+1.05, 0.1 0.76
RD1333 0.0254 299+9 326 272 79.99+1.04, 1.0 3.20
RD1333 0.0127 132+8 157 108 143.55%1.25, 0.1 1.03

#3 DBX-15RD1333fE Nl W2 AE 104477-202 7 4 th Pk g Xt L7
Table 3 Performance comparison of DBX-1 and DLA as transition layer in 104477-202 detonators'”’

samples temperature / °C 1/ A fuction time (DLA) /s fuction time (DBX-1) /s dent (DLA) /mm  dent (DBX-1) / mm
1-10 ambient 3.9 3.71£0.58 3.68+0.33 0.358 0.378
11-20 93.3 4.0 3.24+0.32 3.17+£0.50 0.340 0.351
21-30 -53.9 3.8 4.44+0.59 4.14+0.51 0.345 0.356

Note: [is electric current.

2013 4%, Tappan 857 ] FH &5 2 471 41 48 5% AL AIF 5%
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ot E 8 R .

2014 4, Klapoke #{ #2 fil Mehta # #2'* 3L [7] % %
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L D e 2 X R R 4 A TR R B T R R
L7l

2017 4F , Mehta 2" $ R T B B 5 DBX-1 7¢
M100 HL 77 48 o AR 307 4% 25 R 8 A0 810 Yy ml A 4
M100 BT B RIS M IE 10 Fr s . 45, 76 Rt
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Fig.8 Images of DBX-1 combustion to detonation process'*”
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ST ‘ ’{r”
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NaNT Solution T Filter Plate

B9 R B I8 AR S 2 A i 5-NaNT # ¥ H T DBX-1 il
R
Fig.9 Schematic diagram of 5-NaNT solution synthesized by

reactor with built-in filter for preparation of DBX-1*
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Fig.10 The structure of M100 electric detonator
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Fig.11 Chemical structures of selected coating candidates and the diagram of a green M55 stab detonator

%4 DBX-17E M55 & & h I TERES 5L

Table 4 Performance parameters of DBX-1 in M55 detonator

polyvinylpyrrolidone

(DBX-1) \ (PVP)

Stab mix

Transfer
charge

Output
charge

[32]

uncoated
PVP(1%) ethocel S10 (1%) ethocel S50 (1%) PVB(1%) PVB(0.5%)

DBX-1 (control)
success rate 100% (10) 94% (31) 71% (7) 86% (7) 100% (7) 100% (10)
dent depth / in 0.0154 0.0157 0.0125 0.0160 0.0170 0.0142
IS/ in 0/10 at 2" reacted at 2" reacted at 2" reacted at 2" 0/10 at 2” 0/10 at 2”
FS/N <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
ESD / m) 9 no test no test no test 16 12

Note: [Sis impact sensitivity.

2 DBX-1

Ll o
Pl e 321°C
| — 2°C-min’ 310 °C
=| — 5<Cmin"

= —— 10 °C-min’
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> 179.0 kJ-mol'(Ozawa) 297 °C

a

|

8

b

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

Bl 12 AR[ETHEE A DBX-1#) DSC £
Fig.12 DSC curves of DBX-1 at different heating rates
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Fig. 13 Synthesis routes of DBX-1 with electrochemistry
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Fig.14 Single crystal structure of Cu,CI(N,C-NO,),
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Fig.15 SEM images of DBX-1 before and after resonance sound mixing **’
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Research Progress on Green Primary Explosive Copper( I ) 5-Nitrotetrazolate (DBX-1)

NI De-bin, HOU Jian, REN Wei, JIA Yu-xin, ZHANG Meng-yao, CHEN Li, YU Guo-giang

(Shanxi Applied Physics and Chemistry Research Institute ; Xi'an 710061, China)

Abstract: Copper( [ ) 5-Nitrotetrazolate (DBX-1) is a green primary explosive without toxic heavy metal, which has been al-
ways attracted much attention since its discovery. DBX-1 is considered to be the most likely to replace lead azide (LA) as a result
of its suitable ignition sensitivity, excellent detonation ability and output ability, good compatibility and temperature resistance.
Sodium 5-nitrotetrazolium (5-NaNT) is the starting material for the preparation of DBX-1. This work addresses the synthesis prob-
lems of 5-NaNT based upon the review on the research progress of DBX-1. This work introduces both the development process
of DBX-1 from laboratory synthesis to 100-gram preparation and the synthetic path evolution of 5-NaNT. Here is mainly focused
on the synthesis method, performance evaluation and verification of DBX-1.Finally, it points out that some key issues must be
cracked before application, such as the synthesis of 5-NaNT with safety and efficiency, the optimal technology of preparation,
the sensitivity adjustment of DBX-1.

Key words: green primary explosive; DBX-1;ignition ability;igniter; 5-NaNT
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