
 

 VIBROENGINEERING PROCEDIA. APRIL 2024, VOLUME 54 221 

Study on thermal ignition and growth characteristics of 
CL-20 and HMX-based explosives 

Xibo Jiang1, Penggang Jin2, Hongtao Xu3, Jian Yang4 
Xi’an Modern Chemistry Research Institute, Xi’an 710065, China 
1Corresponding author 
E-mail: 1jiangxibonj@163.com, 2Penggangjin@163.com, 3xuhongtao@163.com, 4yangj_2@163.com 
Received 16 January 2024; accepted 8 March 2024; published online 4 April 2024 
DOI https://doi.org/10.21595/vp.2024.23958 

68th International Conference on Vibroengineering in Almaty, Kazakhstan, April 4-6, 2024 

Copyright © 2024 Xibo Jiang, et al. This is an open access article distributed under the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Abstract. In order to understand the ignition and growth process of CL-20-based explosives, a 
comparative study of ignition and growth characteristics of CL-20 and HMX-based explosives 
was carried out. The ignition and ignition growth of CL-20, HMX, CL-20 and HMX-based 
explosives were studied respectively by means of ignition test and time-pressure test. The results 
showed that the reaction growth rate of CL-20 explosives was the fastest, indicating that the CL-20 
explosives were easy to ignite, and it was easy to grow into more intense reaction form after 
ignition. 
Keywords: ignition and growth characteristics, time-pressure test, CL-20-based explosive, 
explosive reaction. 

1. Introduction 

CL-20 is recognized as energy-containing material with the highest energy density in the 
world. Since 1987, CL-20 explosives have been synthesized from NWSWC. Many kinds of plastic 
bonded explosives, pouring solidification and mixed explosives containing CL-20 have been 
developed in America, Europe, Japan and India. Some of these explosives have been applied to 
various warheads. The results of foreign research show that CL-20-based mixed explosive has 
high explosive velocity and high explosive pressure, and its explosive power is higher than that of 
TNT, RDX and HMX-based explosives. 

In 2001, Blame Asay [1] carried out explosive burning experiments on the degree of intense 
reaction of explosives. Micro-experiment Wave interferometer measures the shell expansion 
velocity and displacement, thus quantitatively evaluating the intensity of explosive reaction. 
However, it is found that there is no obvious difference in the expansion speed of explosive shell 
under different burning conditions. It is believed that the shell expansion velocity under the action 
of explosive reaction is a cumulative effect. In 2007, Yoh et al. [2-3] carried out explosive burning 
experiment and numerical calculation for LX-10 explosive. Based on the linear viscoelastic 
material model and considering the explosive expansion effect and shell fracture, the distribution 
of shell fragments after ignition of explosive is calculated. However, compared with the size of 
the fragments collected in the experiment, the deviation of the calculated results is larger. In 2012, 
Sorber et al. [4-5] performed violent measurement devices for insensitive explosive reaction 
Improvement. Two kinds of plate heaters were used to heat explosives and seal steel shells strictly. 
After the metal slider is flying out under high temperature and high pressure, the probe is triggered, 
and the velocity of the slider is measured by using the laser external velocity meter, and the 
reaction intensity of the explosive is evaluated quantitatively by the velocity. In 2015, Chen [6] 
calculated the degree of reaction intensity after ignition of solid propellants. Device Solid motor 
propellant charging structure is adopted. The deformation of shell at different time and the 
deformation of shell at different ignition positions are calculated. The intensity of explosive 
reaction is analyzed according to the velocity of shell rupture. 

CL-20-based explosive is a new type of explosive which has been mainly developed at present 
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[7-9]. The recognition of its non-impact ignition characteristics in the industry is not sufficient. 
However, most of the current safety operating specifications are based on the experience summary 
of traditional materials. It is necessary to carry out further research work of CL-20-based new 
materials in thermal and other non-impact ignition, which not only reveals the mechanism of 
ignition and growth, but also provides guidance and support for subsequent research and 
popularization. In order to evaluate the safety of CL-20-based explosives under thermal 
stimulation, a comparative study of ignition and growth characteristics between CL-20 and 
HMX-based explosives has been carried out. The results of this study can provide basic data for 
evaluating the safety of HMX-based and CL-20-based explosives.  

2. Test design 

In this paper, CL-20 and HMX explosives and CL-20-based mixed explosives CL-20-1 and 
HMX-based mixed explosives HMX-1 are selected. The states of the four samples are powdery. 
See Table 1 for sample parameters. 

Table 1. Explosive sample parameters 
No. Explosive Composition 
1 CL-20 CL-20 
2 CL-20-1 CL-20, Al, etc. 
3 HMX HMX 
4 HMX-1 HMX, Al, etc. 

The general idea is: from the three aspects of non-impact ignition, reaction growth and severity 
of reaction of explosives, the quantitative characterization study of several explosives is carried 
out using the existing model tests, and the difference of non-impact ignition characteristics of four 
explosives is obtained through comparison of test results. 

The ignition energy of four samples was recorded by the camera in the experiment, and the 
ignition energy of the sample was calculated. 

The time-pressure test is used to judge the reaction growth characteristics of four explosives 
[10-11]. The time-pressure test device diagram is shown in Fig. 1. It consists of five parts: pressure 
vessel body, ignition plug, blowout plate, clamping plug and side arm. In the time-pressure test, 
weigh 8±0.1 g of explosive sample, place it in the test device, ignite the explosive sample with 
5±0.2 Ω resistance wire and 12 V power-on voltage, and record the p-t curve by pressure sensor. 

 
Fig. 1. Time-pressure test device diagram 

The intensity of the reaction study is used to obtain the severity of the two explosive reactions. 
The project team intends to quantify the intensity of the reaction of the explosive by two 
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parameters, the maximum pressure after ignition of the sample in the closed space and the time 
required to reach the maximum pressure. 

3. Test results and analysis 

3.1. Ignition characteristic test result and analysis 

In determining the ignition characteristics of two kinds of explosive samples, the ignition 
energy is changed by changing the test voltage and power-on time by using electric wire ignition 
test sample. Ignition characteristics are studied by using Eq. (1) to quantify the ignition energy, 
and the ignition time of the explosive is taken by a camera located 30 cm from the sample of 
explosive [12-14]: 

𝐸 = 𝑈ଶ𝑅 𝑡, (1)

where 𝑈 is the power-on voltage, 𝑅 is the electric wire resistance, and 𝑡 is the power-on time. 
During the test, the resistance wire resistance is 8 Ω, the power-on voltage is 24 V, and the 

explosive sample quantity is 8 g±0.1 g. The ignition energy of the four samples is shown in Table 2 
by recording the ignition time of different explosive samples. 

Table 2. Ignition energy of explosive samples 
No. Sample Ignition time / s Energy / J 
1 CL-20 1.72 123.84 
2 CL-20-1 2.85 205.20 
3 HMX 3.03 218.16 
4 HMX-1 2.91 209.52 

It can be seen from the above table that the ignition energy of CL-20 explosives in the four 
samples is significantly lower than that of other explosives, that is, CL-20 explosives are more 
likely to ignite, and the ignition energy of the other three explosives is basically the same. 

3.2. Study on reaction growth characteristics test results and analysis 

The research on reaction growth characteristics is carried out using the time-pressure test 
shown in Fig. 1. The test principle is as follows: In the test, the explosive sample is sealed in a 
sealed container with a certain volume and ignited with the specified ignition object. In the test, 
the pressure sensor is installed in the pressure measuring hole. After the test sample is ignited, the 
pressure sensor measures the change process of pressure with time and obtains the value. The 
reaction growth rate is judged by the value. The larger value proves that the reaction growth rate 
is faster. The values of four explosives obtained by this method are shown in Table 3. 

Table 3. Reaction growth characteristics of four explosives 
No. Sample 𝑑𝑝/𝑑𝑡 / MPa / ms 
1 CL-20 193.6 
2 CL-20-1 18.28 
3 HMX 83.39 
4 HMX-1 13.67 

It can be seen from Table 3 that the value of single CL-20 explosive is about 2 times of HMX 
of single substance, 10 times of CL-20-1 and 15 times of HMX-1, that is, the value of single CL-20 
explosive is much higher than that of other explosives. It is proved that single CL-20 explosive 
has the fastest reaction growth rate, i.e. after ignition, it is easier to grow into a form of intense 
reaction. Secondly, the values of the two kinds of mixed explosives are smaller than those of single 
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explosives, which proves that the mixed explosives reduce the reaction growth rate. 

3.3. Experimental results and analysis of severity of reaction 

According to the maximum pressure and the time required to reach the maximum pressure in 
the United Nations Recommendations for the Transport of Dangerous Goods, the severity of the 
reaction of explosives can also be used as the basis for judging the test results: 

Test Series 1 Time Pressure Test Criteria: If the maximum pressure reached is greater than or 
equal to 2070 kPa, the result is "+", i.e. the substance shows the ability to detonate. If the maximum 
pressure reached in any one test is less than 2070 kPa, the result is "-", i.e. the substance does not 
show the possibility of detonation. Failure to ignite does not necessarily indicate that the substance 
has no explosive nature. 

The 8 g ± 0.1 g explosive sample was placed in a closed container during the test. The 
maximum pressure and maximum pressure arrival time of the four explosive samples recorded by 
the pressure sensor are shown in Table 4. 

Table 4. Maximum pressure and maximum pressure arrival time for four explosive samples 
No. Sample Maximum pressure / MPa Arrival time / ms 
1 CL-20 264 MPa 0.167 
2 CL-20-1 42.13 15.7 
3 HMX 86.24 2.7 
4 HMX-1 33.11 22 

It can be seen from the data in Table 4 that CL-20 explosives, regardless of maximum pressure 
and maximum pressure arrival time, are much smaller than the other three explosives, 
demonstrating that CL-20 reaction is more intense. 

4. Conclusions 

At present, the explosive CL-20 is the most widely studied three generation explosives. But its 
safety research is not sufficient, especially how to increase after ignition is not very much. From 
the point of view of ignition to reaction growth, this paper systematically studied the ignition 
growth characteristics of CL-20 explosives through three experiments, and compared with the 
ignition growth characteristics of commonly used second generation explosives. From the point 
of view of safety, CL-20 explosive growth rate is faster and pressure is higher. The results show 
that: 

1) The ignition energy of single CL-20 explosive is significantly lower than that of the other 
three explosives, which proves that CL-20 explosive is easier to ignite. 

2) The reaction growth rate of single CL-20 explosive is the fastest, indicating that it is easy 
to ignite, and it is easy to grow into more intense reaction form after ignition. 

The novelty of this paper lies in the following three points: Firstly, an extensively studied 
explosive containing CL-20 was adopted. Secondly, the safety of CL-20 explosive studied from 
the previous research focus on the ignition condition, but this paper focus on the ignition growth 
characteristic. In this paper, the study not only included the ignition growth time, the ignition 
growth rate and ignition growth pressure are also obtained. Finally, the conclusion proves that the 
ignition growth rate is faster and ignition growth pressure is higher than the typically second 
generation explosives. Thus, through this research, it is necessary to pay attention during use and 
study of CL-20 explosives. This paper provided data support for the safety study and use of CL-20 
explosives. 
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