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Abstract：In order to achieve the miniaturization preparation of CA/CL-20 ignition and initiation sequences, based on inkjet 

printing technology, sodium azide ink, copper salt ink, and CL-20 ink were used as precursors to prepare copper azide (CA) and 

CL-20 explosives in situ on SCB through layered printing, resulting in the SCB+CA+CL-20 miniaturized ignition and initiation 

sequences, and its performance was studied through ignition performance test and RDX detonator-lead plate detonation test. The 

results show that the CA prepared in situ undergoes deflagration to detonation transition during the reaction process, and can ignite 

the CL-20; The ignition duration of the SCB+CA+CL-20 sample is more than 6 ms, while those of the SCB bare bridge and 

SCB+CA samples are both less than 2 ms, indicating that the printed CL-20 did not undergo detonation, but mainly burned; The 

SCB+CA+CL-20 ignition and initiation sequence can reliably initiate the RDX detonator and penetrate the lead plate. 
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1  试剂与仪器 

 

1.1  实验原料 

CL-20

 

1.2  实验仪器 

Dimatix DMP 2850

JSM-IT500HR

HDKY  

MDO303

DC9801A

IMPAC IMGA740  

 

2  实验过程 

 

2.1  油墨体系制备 

10 mL H2O 1 g PVP 0.03 g 

SDBS 1 mL 0.3 g

NaN3 0.5 g

0.2 g·mL
-1

NaN3  

4 mL H2O 6 mL

1 mL 1 g

1 g·mL
-1

Cu(NO3)2  

CL-20 3 mL 1mL

1 mL 0.3 g 

CL-20 0.3 g·mL
-1

CL-20  

2.2  油墨样品的成型打印 

2.4 pL 12

5 μm Dimatix

45 ℃

5 kHz 10 μm 0.6 

mm×1.0 mm 0.8 mm×1.0 mm NaN3 Cu(NO3)2

2 1 NaN3 24

9 Cu(NO3)2

60 ℃ 6 h

CL-20 15

45 ℃

12 h

1  

 

 

 

 

 

 

 

 

 

 

 

 

 

图1  打印流程图 

Fig.1  Printing flowchart 

 

3  结果与讨论 

 

3.1  叠氮化铜结构表征 

NaN3 Cu(NO3)2 Cu(NO3)2

NaN3 Cu(N3)2

2  

 

NaN3 Cu(NO3)2 

CL-20 

 

 

CA 
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图2  原料和产物的红外光谱图 

Fig.2  Infrared spectra of raw materials and products 

2 Cu(NO3)2 NaN3

Cu(N3)2 3 349 1 634 cm
-1

O H

Cu(NO3)2 3 332 cm
-1

O H
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-1

NO3
-

1 019 cm
-1

NO3
-

766 cm
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NO3
-

[17]
Cu(N3)2 1 500 1 200 cm

-1

NaN3
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-1

N3
-
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[18]

 

X

3  

 

 

 

 

 

 

 

 

 

 

 

 

图3  硝酸铜、叠氮化钠和叠氮化铜的XRD谱图 

Fig.3  XRD spectra of copper nitrate, sodium azide and 

copper azide 

3 Cu(N3)2 XRD

NaN3 Cu(NO3)2 NaN3

Cu(NO3)2 Cu(N3)2

Cu(N3)2 PDF 00-021-0281

11.76 16.37 27.95 31.94 33.45 36.73
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Cu(N3)2  

NaN3 Cu(NO3)2 3 1 2 1 1

1
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3 1

4 b
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4 c
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图4  不同NaN3与Cu(NO3)2摩尔比下叠氮化铜的SEM微观形

貌 

Fig.4  SEM microscopic morphology of copper azide under 

different molar ratios of NaN3 and Cu (NO3)2 

3.2  CL-20 结构表征 
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图5  CL-20 的SEM微观形貌 

Fig.5  SEM microscopic morphology of CL-20 
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图6  原料 CL-20 和打印 CL-20 的XRD谱图 

Fig.6  XRD spectra of raw material and printed CL-20 

6 CL-20 CL-20

ε-CL-20

[19]
 

3.3  点火起爆序列发火特性研究 
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图7  发火特性测试系统 

Fig.7  Firing property test system 

3.3.1 发火过程 U——I 曲线分析 

SCB SCB+CA SCB+CA+CL-20 3

U——I 8  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

图8  3种点火起爆序列脉冲放电条件下的 U——I 曲线 

Fig.8  U——I curves of three ignition and initiation sequences 

under pulse discharge conditions 
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表1  3种点火起爆序列脉冲放电条件下的发火特性 

Tab.1  Firing property of three ignition and initiation 

sequences under pulse discharge conditions  

 

1  

/μs 

2  

/μs 

 

/μs 

 

/μs 

SCB  4.17 11.00 105.48 4.51 

SCB+CA 4.21 9.59 188.10 4.26 

SCB+CA+CL-20 4.04 13.26 118.51 4.68 

SCB+CA 27.24 μs

3 CA

DDT CA

SCB

CA

8 b  

3.3.2 发火过程高速摄影分析 

SCB SCB+CA SCB+CA+CL-20 3
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图9  3种点火起爆序列脉冲放电条件下的高速摄影图 

Fig.9  High-speed photograms of three ignition and initiation 

sequences under pulse discharge conditions 
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3.4  起爆试验 

8
#

450 mg

40 MPa 220 mg

SCB SCB SCB+CA

SCB+CA+CL-20 30 MPa

GJB 736.5-1989 
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图10  3种点火起爆序列对RDX的起爆试验铅板图 

Fig.10  Lead plate diagrams of initiation tests on RDX with 

three ignition and initiation sequences 

 

4  结论 

 

CL-20 /

CL-20

0.13 ms 0.27 ms 0.40 ms 0.53 ms 0.67 ms 0.80 ms 0.93 ms 0 ms 

a SCB  

b SCB+CA 

0.13 ms 0.27 ms 0.40 ms 0.53 ms 0.67 ms 0.80 ms 0.93 ms 0 ms 

c SCB+CA+CL-20 

0.27 ms 0.53 ms 0.80 ms 1.07 ms 1.33 ms 1.60 ms 1.87 ms 0 ms 

2.40 ms 2.67 ms 2.93 ms 3.20 ms 3.47 ms 3.73 ms 4.00 ms 2.13 ms 

c SCB+CA+CL-20 b SCB+CA a SCB 
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