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ABSTRACT 

The purpose of this study is to propose a methodology that incorporates reverse engineering and 
chemical testing to accurately and efficiently analyze the composition of an unknown nitramine gun 
propellant, which will help to further develop the required formulation. First, the detailed geometric 
information of gun propellant sample was measured by optical microscopy. The components of the gun 
propellant sample were separated by the extraction characteristics of different solvents and then the 
separated components were analyzed qualitatively and quantitatively by means of X-Ray diffractometry, 
Fourier transform infrared spectroscopy, elemental analyzer, high performance liquid chromatography 
and high resolution gas chromatography-mass spectrometry. Finally, simultaneous thermogravimetry-
differential scanning calorimetry and bomb calorimetry were used to confirm the composition analysis 
results of the gun propellant sample. The results of explosion heat measurement showed that the 
composition of the prepared propellant pellets was very similar to that of the original propellant pellets. 
Therefore, this chemical reverse engineering process was successfully used to determine the 
composition of the unknown nitramine gun propellant. 

Keywords: reverse engineering, gun propellant, composition analysis, case study 
 

逆逆向向工工程程在在火火砲砲推推進進劑劑成成分分分分析析中中的的應應用用：：一一個個案案例例研研究究  

楊楊琮琮貿貿 1*    門門孝孝書書 2    李李金金樹樹 1    陸陸開開泰泰 1  

1國防大學理工學院化學及材料工程學系 
2國防大學理工學院化學工程碩士班 

摘摘        要要 

本研究的目的是開發一種結合逆向工程和化學測試的方法，以準確有效地分析未知硝胺

類發射藥的成分，這將有助於進一步開發所需的配方。首先，藉由光學顯微鏡量測發射藥樣

品的幾何形狀及尺寸；然後，利用不同溶劑的萃取特性對發射藥樣品進行成分分離，再以 X
光繞射儀、傅立葉轉換紅外線光譜儀、元素分析儀、高效液相層析儀及高解析氣相層析質譜

儀等儀器對分離後的成分進行定性和定量分析。最後，採用同步熱重-微差掃描熱卡計及燃燒
彈熱卡計對發射藥樣品成分分析的結果進行確認。爆炸熱量測結果顯示，複製發射藥的組成

非常接近原始發射藥。因此，此化學逆向工程程序成功用於確定未知硝胺類發射藥的組成。 

關關鍵鍵詞詞：：逆向工程、發射藥、成分分析、案例研究 
 
 
文稿收件日期 112.04.07; 文稿修正後接受日期 112.09.01; *通訊作者 
Manuscript received Apr 07, 2023; revised Sep 01, 2023; * Corresponding author  

45

中正嶺學報  第五十三卷  第一期  民國 113. 05
JOURNAL  OF  C.C.I.T.,  VOL. 53,  NO. 1,  MAY,  2024

DOI：10.30188/JCCIT.202405_53(1).0004



Tsung-Mao Yang et al. 
Application of Chemical Reverse Engineering on Gun Propellant Composition Analysis: A Case Study 

-44-  

I. INTRODUCTION 

Reverse engineering (RE, also known as 
backwards engineering or back engineering) is a 
process that examines an existing product to 
determine detailed information and specifications 
in order to discover how it was made and how it 
works [1-3]. RE is applicable to the fields of 
computer engineering [4-5], mechanical 
engineering [6-8], design [9-11], electronic 
engineering [12-14], software engineering [15-
17], chemical engineering [18-20] and systems 
biology [21-22]. In some cases, the only way to 
obtain the design of an original product is through 
RE. Product deformulation analysis, also known 
as chemical RE, is the process of identifying 
and/or quantifying one or more unknown 
chemical components of a formula. RE can help 
to understand which chemicals, substances or 
materials are incorporated into a product. 
Chemical RE involves mathematical modeling 
and experimentation. Many types of scientific 
and laboratory equipment can be used, including 
elemental analyzer (EA), spectrometers (MS, 
Raman, FTIR), nuclear magnetic resonance 
(NMR), chromatographs (HPLC, GC), 
microscopes, calorimeters, thermal analyzers 
(DSC, TGA) and mechanical testing equipment 
[3]. 

Reverse innovative design has long been an 
important subject in the engineering field, which 
is a process of re-innovation on the existing 
system [23]. The knowledge gathered from 
reverse engineering can be incorporated to 
develop a new system, which bears some 
resemblance to the original system, but is not an 
exact copy. Reverse innovative design has 
gradually evolved as an important means of 
digestion and absorption of advanced technology, 
and has been applied in the optimal and 
innovative system designs as well as parts 
repairing of military and civilian products [24-26]. 
Sometimes, reverse engineering techniques are 
used to analyze the competitor’s products in 
military or national security situations to improve 
one's own products [27]. 

The traditional gun propellants can be 
classified as single, double and triple base 
propellants according to their composition. The 
single-base propellants only contain 
nitrocellulose (NC) as the main energetic material. 
The double-base propellants contain NC infused 
with a liquid organic nitrate, such as 

nitroglycerine (NG), which can gelatinize the NC. 
The triple-base propellants include the two 
compounds NC and NG of double-base 
propellants along with nitroguanidine (NQ). NQ 
can increase the energy content of the formulation 
without raising the flame temperature, which 
reduces the erosion of the gun barrel and also 
reduces muzzle flash [28-31]. However, 
traditional gun propellants are currently difficult 
to meet the requirements of modern artillery 
propellants. Therefore, the nitramine gun 
propellants have received extensive attention and 
research in recent years due to their excellent 
thermal properties, such as high energy, low 
detonation temperature, low average molecular 
weight of gas. The nitramine gun propellant can 
be prepared by adding energetic nitramine 
particles (RDX, HMX, etc.) to the single-based or 
double-based propellants [32-34]. The 
propellants containing nitramine particles can 
increase the gunpowder power, and the erosion of 
the gun barrel is less [35]. Therefore, it is 
necessary to research and develop nitramine gun 
propellants based on military requirements. 

In this study, the chemical RE was used to 
analyze the composition of an unknown 
nitramine gun propellant. First, the detailed 
geometric information of gun propellant sample 
was measured by optical microscopy (OM). 
Afterwards, the components of the gun propellant 
sample were separated by different solvents. The 
qualitative and quantitative analyses of each 
component were carried out by means of X-Ray 
diffractometry (XRD), Fourier transform infrared 
spectroscopy (FTIR), elemental analyzer (EA), 
high performance liquid chromatography (HPLC) 
and high resolution gas chromatography-mass 
spectrometry (HRGC-MS). In addition, 
simultaneous thermogravimetry-differential 
scanning calorimetry (STA TG-DSC) and bomb 
calorimetry (BC) were used to verify the results 
of the analysis. These research results will help to 
further develop the required formulation of the 
nitramine gun propellant. 

Ⅱ. EXPERIMENTAL 

2.1 Materials 

The test sample of nitramine gun propellant 
of unknown composition was obtained from the 
arsenal in Taiwan as shown in Figure 1, which has 
actually been used in military applications. The 
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certified reference standard samples of mixed 
explosive (Including 14 components such as 
HMX and RDX) and 3-Methyl-1,1-diphenylurea 
(Akardite II, C14H14N2O) used for HPLC analysis 
were purchased from Accustandard, Inc. (New 
Haven, CT, USA), and the catalog numbers are 
M-8330-R-0.5X and S-82930-0.1X, respectively. 
Camphor (1,7,7-Trimethylbicyclo[2.2.1] heptan-
2-one, C10H16O, ≥99.0%) was analytical standard 
grade and purchased from Sigma Aldrich (St. 
Louis, MO, USA). HPLC grade methanol was 
also purchased from Sigma-Aldrich. Acetone 
(CH3COCH3, 99.8%) and methanol (CH3OH, 
99.9%) were analytical grade and purchased from 
Sigma-Aldrich, which were used as solvents for 
dissolving the gun propellant sample. In addition, 
deionized water was used to dissolve the salt 
components in the gun propellant sample. 

 
Fig.1. The sample of nitramine gun propellant of 

unknown composition from the arsenal in 
Taiwan 

2.2 Apparatus and procedures 

First, the detailed geometric information of gun 
propellant sample was measured by using optical 
microscopy (OM). The composition analysis 
steps of gun propellant sample are shown in 
Figure 2 and described as follows:  
(1) Acetone was used in the first extraction step 

of the gun propellant sample to dissolve the 
components in the gun propellant sample 
except for graphite and salt components. 0.3 g 
of gun propellant sample was weighed into a 
250 ml round-bottom flask with 100 ml of 
acetone, and then the round-bottom flask was 
placed in an ultrasonic shaker for 1 hour to 
dissolve the gun propellant sample. 
Subsequently, the mixture was divided into 
acetone-soluble fraction and acetone-

insoluble fraction by using 0.22 µm PTFE 
syringe filters (Merck Millipore, Ltd., 
Taiwan). 

(2) The acetone-insoluble fraction obtained from 
the first extraction step was dried by a vacuum 
oven at 55℃ for 1 hour to remove residual 
acetone and form a dry solid. The resulting dry 
solid contained graphite and salt components. 
Because graphite is insoluble in water and salt 
components are soluble in water. Therefore, 
deionized water was used as a solvent to 
dissolve the salt components of the dry solid. 
The resulting dry solid was weighed and 
added into a 250 ml round-bottom flask with 
100 ml of deionized water, and then the salt 
components were completely dissolved in 
water under stirring. Subsequently, the 
mixture was divided into water-soluble 
fraction and water-insoluble fraction by using 
0.22 µm PTFE syringe filters. The water-
soluble fraction was placed in a rotary vacuum 
concentrator at 65℃ to evaporate water and 
form dry salt crystals. The water-insoluble 
fraction was dried by a vacuum oven at 55℃ 
for 1 hour to remove residual water, and 
weighed. Finally, the separated compounds 
were identified by means of X-Ray 
diffractometry (XRD, Bruker D2 Phaser). 

(3) The acetone-soluble fraction obtained from 
the first extraction step was placed in a rotary 
vacuum concentrator at 45℃ to evaporate 
acetone and form a dry solid. Because 
nitrocellulose (NC) is insoluble in methanol. 
Therefore, methanol was used as the solvent 
in the second extraction step of the gun 
propellant sample to separate the NC. The 
resulting dry solid was weighed and added 
into a 250 ml round-bottom flask with 100 ml 
of methanol, and then the dissolvable 
components were completely dissolved in 
methanol under stirring. Subsequently, the 
solution was filtrated by using advantec 5C 
filter paper, and it was divided into methanol-
soluble fraction and methanol-insoluble 
fraction. 

(4) The methanol-insoluble fraction obtained 
from the second extraction step was dried by a 
vacuum oven at 55℃ for 24 hour to remove 
residual methanol. The obtained compound 
was identified by means of Fourier transform 
infrared spectroscopy (FTIR, PerkinElmer 
Spectrum 100), and elemental analyzer (EA, 
Elementar vario EL cube). 
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(5) The methanol-soluble fraction obtained from 
the second extraction step was analyzed and 
identified by using high performance liquid 
chromatography (HPLC, Jasco LC-4000 
series) and high resolution gas 
chromatography-mass spectrometry (HRGC-
MS, Joel AccuTOF GCx). HPLC analysis 
used a LiChrospher RP-18 column (5 μm, 250 
cm×4.6 cm i.d.), a mobile phase system of 
methanol/water (50:50 v/v), a UV detection 
wavelength at 210 nm, a flow rate of 1.0 
ml/min and an injection volume of 20 μL. 
HRGC-MS analysis used a Rxi™-5ms column 
(0.25 μm, 30 m×0.25 mm i.d.). The 
temperatures of injector and detector were 
maintained at 230°C and 250°C, respectively. 
Methanol was used as blank. The split mode 
ratio of 50:1 was applied for the injection of a 
1.0 μL sample. Helium was used as the carrier 
gas at a flow rate of 1.0 mL/min. 

First solvent extraction
by acetone

Acetone-soluble
fraction

Sample concentrating
and drying

Acetone-insoluble
fraction

Sample drying

Sample dissolving
in deionized water

Water-soluble
fraction

Water-insoluble
fraction

Sample concentrating
and drying Sample drying

Second solvent extraction
by methanol

Methanol-soluble
fraction

Methanol-insoluble
fraction

HPLC and HRGC-
MS analysis Sample drying

FTIR and EA
analysis XRD analysis XRD analysis  

Fig.2. The composition analysis steps of gun 
propellant sample 

In addition, the gun propellant sample was 
frozen in liquid nitrogen and then crushed using a 
copper mortar and pestle. The crushed powder 
was used for simultaneous thermogravimetry-
differential scanning calorimetry (STA TG-DSC, 
Netzsch STA 449 F3 Jupiter®) analysis to 
confirm the composition analysis results of the 
gun propellant sample. STA TG-DSC 
measurement was carried out in a nitrogen 
atmosphere at a heating rate of 10°C min-1 using 
the sample weight in the range of 1.0-2.0 mg. The 
formula obtained from the composition analysis 
of the gun propellant sample was further used to 
prepare the propellant pellets. There were ten 
steps to prepare the propellant pellets, such as: (1) 
treating of the ingredients, (2) precise weighing, 
(3) wet mxing (NC, RDX, HMX, akardite II, 

K2SO4 and ethanol-ether solution), (4) pressing, 
(5) cutting, (6) water cooking, (7) drying, (8) 
coating (camphor-ethanol solution), (9) final 
drying, (10) glazing (graphite). The explosion 
heats of the original and prepared propellant 
pellets were measure by bomb calorimetry (BC, 
Parr 6200) in a nitrogen atmosphere and the 
results were compared to confirm the 
composition analysis results of the gun propellant 
sample. 

Ⅲ. RESULTS AND DISCUSSION 

3.1 Shape and size of gun propellant sample 

Through visual observation, it was seen that 
the gun propellant sample was seven-perforated 
cylindrical pellets. The detailed geometric 
information was measured by OM, as shown in 
Figure 3. The diameter, length, inner web 
thickness and hole diameter of the seven-
perforated cylindrical pellet are 2.08 mm, 1.86 
mm, 664.1 µm and 68.7 µm, respectively. 

 
Fig.3. Detailed geometric information of the gun 

propellant sample. 

3.2 Composition analysis of gun propellant 
sample  

3.2.1 Acetone-insoluble fraction of first 
extraction step 

The acetone-insoluble fraction of first 
extraction contained graphite and salt 
components, and was separated by using 
deionized water. The separated compounds were 
identified by means of XRD. Figure 4 shows the 
XRD pattern of the water-insoluble fraction. The 
three main peaks situated at 26.5°, 44.4° and 
54.5° can be respectively assigned to the (002), 
(101) and (004) planes of graphite (JCPDS No. 
41-1487). The analysis of the XRD pattern is 
similar to the report of Wang et al. [36]. Therefore, 
this analysis result can verify that the water-
insoluble fraction is graphite. Graphite is usually 
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coated on the surface of gun propellant pellets to 
prevent static electricity sparks from causing 
undesired ignitions [37]. The XRD pattern of the 
water-soluble fraction is shown in Figure 5. The 
main peaks located at 17.6°, 21.4°, 23.9°, 29.8°, 
30.8°, 35.7°, 37.1°, 48.1°, 54.6°, 62.8° and 75.4° 
can be respectively assigned to the (200), (210), 
(020), (121), (301), (002), (400), (040), (303), 
(621) and (404) planes of K2SO4 crystals (JCPDS 
No. 24-0703). The analysis of the XRD pattern is 
similar to the report of Al-Dhahir et al. [38]. 
Therefore, this analysis result can confirm that 
the salt component of the water-soluble fraction 
is K2SO4 crystals. K2SO4 is used in gun propellant 
formulations to suppress muzzle flash by 
preventing the ignition of fuel rich combustion 
gases that are expelled out of the gun barrels [39]. 
Graphite and K2SO4 were individually weighed 
after drying to determine their content in the gun 
propellant sample. The weighing results indicate 
that the weight ratios of graphite and K2SO4 are 
1.0% and 1.4%, respectively. 

 
Fig.4. XRD pattern of the water-insoluble 

fraction 

 
Fig.5. XRD pattern of the water-soluble fraction 

3.2.2 Methanol-insoluble fraction of second 
extraction step 

It was predicted that the methanol-insoluble 

fraction of second extraction was NC. The 
separated compound was identified by means of 
FTIR and EA. Figure 6 shows the FTIR spectrum 
of the methanol-insoluble fraction. -NO2 
symmetric and asymmetric stretching vibrations 
are respectively found at 1270 and 1650 cm-1, and 
rocking and scissoring vibrations are found at 760 
and 860 cm-1, respectively. C-O stretching 
vibration is observed in the region of 1002-1064 
cm-1. In addition, -CH stretching vibration is 
found at 2840 cm-1. It is worth noting that the 
weak stretching vibration of -OH appears at 3500 
cm-1. This means that a small amou nt of OH 
groups are not replaced by NO2 groups during the 
nitration process of cellulose. These analysis 
results are similar to the report of Costa et al. [40]. 
Therefore, the FTIR spectrum can verify that the 
methanol-insoluble fraction is NC. Furthermore, 
the elemental composition of the separated NC 
was analyzed by EA. The experiment was run 
three times and the average value of each element 
content was calculated as shown in Table 1. The 
analysis result shows that the separated NC 
contains 13.47% nitrogen (N), 25.27% carbon (C), 
2.62% hydrogen (H) and 58.64% oxygen (O), 
which are very close to the theoretical values of 
NC composition (14.14% N, 24.24% C, 2.36% H 
and 59.26% O). Among them, the H content is 
slightly higher and the N and O contents are 
slightly lower in the separated NC, which may be 
because a small amount of OH groups are not 
replaced by NO2 groups during the nitration 
process of cellulose. The separated NC has a 
nitrogen content of 13.47%, NC belongs to Grade 
B, Type I, according to the US Military Standard 
MIL-DTL-244C. The weighing result indicates 
that the weight ratio of NC in the gun propellant 
sample is 67.4%. 

 
Fig.6. FTIR spectrum of the methanol-insoluble 

fraction 
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Table 1. Elemental analysis of separated NC 

Molecular formula [C6H7O2(ONO2)3]n 

Element Test 1 Test 2 Test 3 Average 
value 

Theoretica
l value 

N (wt.%) 13.48 13.45 13.47 13.47  14.14 

C (wt.%) 25.34 25.25 25.22 25.27  24.24 

H (wt.%)   2.62 2.61 2.62   2.62  2.36 

O (wt.%) 58.56 58.69 58.69 58.64 59.26 

3.2.3 Methanol-soluble fraction of second 
extraction step 

The methanol-soluble fraction of second 
extraction was analyzed by means of HPLC and 
HRGC-MS. Figure 7 displays the HPLC 
chromatogram of the methanol-soluble fraction. 
Five well-separated peaks are found at retention 
time of 1.627 min (component A), 2.946 min 
(solvent), 4.946 min (component B), 8.530 min 
(component C) and 21.145 min (component D). 
Compared with the HPLC chromatogram of the 
M-8330-R-0.5X standard sample shown in 
Figure 8, components B and C can be identified 
as nitramine explosives HMX and RDX, 
respectively. HRGC-MS analysis of the 
methanol-soluble fraction reveals two 
components. Through MS analysis and 
identification, these two compounds were 
camphor (molecular weight 152) and Akardite II 
(molecular weight 226), as shown in Figure 9 and 
Figure 10. The chemical structures are presented 
as insets in the figures. In addition, the standard 
sample solutions of camphor and Akardite II were 
prepared for HPLC analysis and compared with 
the HPLC chromatogram of the methanol-soluble 
fraction shown in Figure 7. Figure 11 presents the 
comparison of HPLC chromatograms of camphor 
standard sample and methanol-soluble fraction, 
component A can be identified as camphor. 
Camphor can be used in gun propellant 
formulations as a burn rate modifier. The 
comparison of HPLC chromatograms of Akardite 
II standard sample and methanol-soluble fraction 
is given in Figure 12, component D can be 
identified as Akardite II. Akardite II can be used 
in gun propellant formulations as a stabilizer. 

Four calibration lines were prepared to determine 
the contents of camphor (component A), HMX 
(component B), RDX (component C) and 
Akardite II (component D) in the gun propellant 
sample, as shown in Figure 13. The analysis 
results indicate that the weight ratios of camphor, 
HMX, RDX and Akardite II are 2.8%, 1.4%, 
22.6% and 1.1% in the gun propellant sample, 
respectively. 

 
Fig.7. HPLC chromatogram of the methanol-

soluble fraction 

 
Fig.8. HPLC chromatogram of M-8330-R-0.5X 

standard sample 

 
Fig.9. MS analysis and identification for camphor 

component 
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Fig.10. MS analysis and identification for 

Akardite II component 

 
Fig.11. The comparison of HPLC chromatograms 

of camphor standard sample and 
methanol-soluble fraction 

 
Fig.12. The comparison of HPLC chromatograms 

of Akardite II standard sample and 
methanol-soluble fraction 

 
Fig.13. The calibration lines of HMX, RDX, 

camphor and Akardite II 

3.2.4 Integration of qualitative and 
quantitative analysis 

The results of the qualitative and 
quantitative content analysis of the gun propellant 
sample are summarized in Table 2. The results of 
quantitative content analysis show that the total 
amount of all compounds in the gun propellant 
sample is only about 97.7%. The remaining 2.3% 
content in the gun propellant sample can be 
reasonably considered to be the moisture on the 
sample surface and the residual solvent in the 
sample. 

Table 2. Results of qualitative and quantitative  
content analysis of gun propellant 
sample 

Content of gun propellant sample 

Compound Weight ratios (%) 

graphite  1.0 

K2SO4  1.4 

NC 
67.4  

(N content 13.47%) 

camphor  2.8 

HMX  1.4 

RDX 22.6 

Akardite-II  1.1 

Total 97.7 
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3.3 Verification analysis of gun propellant 
sample 

3.3.1 TG-DSC analysis 

The gun propellant sample was frozen in 
liquid nitrogen and then crushed using a copper 
mortar and pestle. The crushed powder was used 
for STA TG-DSC analysis to confirm the 
composition analysis results of the gun propellant 
sample. Figure 14 shows DSC curve of gun 
propellant sample. Three connected exothermic 
peaks are observed in the range of 170-250°C, 
and one independent exothermic peak is observed 
between 260°C and 310°C. Celebioglu et al. [41] 
have reported that the decomposition temperature 
of camphor is about 178°C by DSC analysis. It 
has also been found by Cieslak et al. [42] that the 
decomposition temperature of NC & Akrdite II is 
about 203°C by DSC analysis. In addition, Jia et 
al. [43] have measured the decomposition 
temperatures of RDX and HMX by DSC analysis 
to be approximately 243°C and 284°C, 
respectively. Therefore, in Figure 14, these four 
peak temperatures at 182°C, 203°C, 240°C and 
281°C correspond to the decomposition 
temperatures of camphor, NC & Akrdite II, RDX 
and HMX, respectively. A weak endothermic 
peak is found near 100°C which is due to 
evaporation of moisture from the sample surface. 
The characteristic peaks of graphite and K2SO4 
do not appear in the DSC thermogram, because 
the initial reaction temperatures of graphite and 
K2SO4 are around 750°C and above 1,000°C, 
respectively [44, 45]. Figure 15 shows the 
corresponding TG curve of gun propellant sample. 
The weight loss below 170°C is 2.3%, which can 
be attributed to the evaporation of moisture and 
residual solvent. The weight loss in the region 
170-220°C is 71.3% due to the thermal 
decomposition of NC & Akrdite II and Camphor. 
The weight loss between 220 and 400°C is 24.0%, 
which should be attributed to the thermal 
decomposition of RDX and HMX. The residual 
weight is about 2.4% because of the presence of 
graphite and K2SO4, which have higher thermal 
stability. Based on the above TG-DSC analysis, 
the composition analysis results of the gun 
propellant sample have been successfully verified. 

 
Fig.14. DSC curve of gun propellant sample 

 
Fig.15. TG curve of gun propellant sample 

3.3.2 Bomb calorimetry (BC) analysis 

The explosion heats of the original and 
prepared propellant pellets were measure by 
bomb calorimetry (BC) in a nitrogen atmosphere 
and the results were compared to confirm the 
composition analysis results of the gun propellant 
sample. The experiment of each sample was 
repeated three times and the reported data is the 
average of these experiments. The experimental 
results of BC are listed in Table 3. It is found that 
the explosion heat of the prepared propellant 
pellets is 898.05 cal/g, which is very close to that 
of the original propellant pellets (894.25 cal/g). 
The difference between the both is only about 
0.42%, which means that the composition of the 
prepared propellant pellets is very similar to that 
of the original propellant pellets. 

Table 3. Experimental results of bomb 
calorimetry 

Exp. No. 
Explosion heat (cal/g) 

Original pellets prepared pellets 
1 893.91 903.18 
2 898.90 893.67 
3 889.94 897.30 

Average 
value 894.25 898.05 
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Ⅳ. CONCLUSION 

In this study, the chemical RE was 
successfully used to analyze the composition of 
unknown nitramine gun propellant. First, the 
components of the gun propellant sample were 
separated by the extraction characteristics of 
different solvents. Then the separated 
components were analyzed qualitatively and 
quantitatively by means of XRD, FTIR, EA, 
HPLC and STA TG-DSC. Finally, STA TG-DSC 
and BC were used to confirm the composition 
analysis results of the gun propellant sample. The 
verification results show that the explosion heat 
of the prepared propellant pellets is 898.05 cal/g, 
which is very close to that of the original 
propellant pellets (894.25 cal/g). The difference 
between the both is very small, which means that 
the composition of the prepared propellant pellets 
is very similar to that of the original propellant 
pellets. These analysis results will help to further 
develop the required formulation of the nitramine 
gun propellant. 
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