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Abstract: To investigate the effect of high-energy nitramine explosives on the
performance of mixed ester-nitramine propellants, a closed bomb apparatus
and mechanical property testing instruments were used. The combustion and
mechanical properties of mixed ester-nitramine propellants containing nitramine
explosives and different particle sizes of RDX, as well as three different high-
energy formulations incorporating RDX (propellants ZTH-1 and ZTH-2), HMX
(propellant ZTA), and CL-20 (propellant ZTC), were evaluated. The results
indicate that the burning rate (U) of mixed ester-nitramine propellants varies
with the RDX particle size, with larger RDX particles leading to a higher U. The
U values of the three different types of nitramine propellant samples follows the
order: U(ZTC)> U(ZTH-2)> U(ZTH-1)> U(ZTA). For the three different types of
nitramine propellant samples, the ZTH-2 propellant exhibited the lowest pressure
exponent, while the ZTC propellant had the highest pressure exponent. The impact
strength followed the order: a.(ZTH-2) > a(ZTA) > a.(ZTH-1) > a,(ZTC). The
ranking of the low-temperature drop-weight impact strengths at —40 °C was as
follows: [ZTA] > [ZTH-2] > [ZTH-1] > [ZTC].



Influence of Nitramine Explosives on the High-Pressure Combustion... 345

Keywords: mixed ester-nitramine propellant, ammonium nitrate, closed
bomb, combustion performance, burning rate pressure exponent, mechanical
properties

1 Introduction

A propellant serves as the core energy source for barrel firearms, directly
determining the muzzle velocity, power, and destructive effectiveness. With
the increasing demand for higher muzzle velocity, enhanced power, and
efficient lethality in modern warfare - particularly for tank guns and anti-tank
firearms - research has focused on propellants with high-energy-density, high
mechanical strength, and progressive combustion characteristics [1].Traditional
nitrocellulose-based propellants exhibit relatively balanced properties; however,
their energy density and combustion performance are gradually becoming
insufficient to meet the demands of modern weapon systems. Consequently, the
development of novel high-energy-density propellants has become an urgent
research priority [2, 3].

In recent years, significant progress has been made in applying novel
high-energy-density compounds, e.g. 2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-
hexaazaisowurtzitane (CL-20), 1,3,5-trinitro-1,3,5-triazinane (RDX), and
(1,3,5,7-tetranitro-1,3,5,7-tetraazacyclooctane (HMX) in solid propellants and
explosives [4]. These compounds possess high-energy-density and excellent
detonation performance, which can substantially enhance the energy output of
propellants. Researchers worldwide have extensively studied the application of
these high-energy compounds in propellant formulations [5, 6]. Wu et al. [7]
investigated the application of different crystalline forms of HMX in nitramine-
based propellants and found that a-HMX exhibited superior ignition characteristics
but lower gas-generation intensity, slower burning rates, and a higher burning
rate pressure exponent. Zhang et al. [8] examined the effect of RDX content on
the mechanical and combustion properties of nitramine propellants, revealing
that while RDX significantly increases the energy output, its influence on the
mechanical and combustion properties is complex. The test results showed
that the impact strength of 30% RDX nitramine propellant was the largest, and
that of 40% RDX nitramine propellant was the smallest. The highest crushing
height was achieved with 20% RDX and the lowest with 40% RDX. Sinditskii
et al. [9] studied the thermal decomposition characteristics of CL-20, providing
a theoretical foundation for its application in propellants. Wei et al. [10] analyzed
the compatibility, energy performance, and combustion behaviour of CL-20,
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3,4-bis(3-nitrofurazan-4-yl)furoxan (DNTF), and ammonium dinitramide (ADN)
in high-energy nitramine propellants (RGD7A), concluding that CL-20 and
DNTF exhibit good compatibility with nitramine propellants while significantly
enhancing their burning rate and burning rate pressure exponent.

Although the incorporation of high-energy-density compounds can markedly
enhance the energy performance of propellants, it also introduces new challenges
in combustion properties (which directly impact the interior ballistics of firearms)
and mechanical properties (which determine the structural integrity and safety
of propellants under high-temperature and high-pressure conditions) [11-13].
Furthermore, the influence of different particle sizes of high-energy-density
compounds on propellant performance remains inadequately explored. To
address these challenges, the present study employed a semi-solvent oil-
pressing method to prepare three types of mixed ester-nitramine propellants and
investigated the effects of two different RDX particle sizes on their combustion
and mechanical properties. The findings of this study provide valuable insights
for optimizing high-energy-density propellant formulations, enhancing their
practical performance and safety, and supporting the advancement of modern
weapon systems [14-16].

2 Raw Materials and Tested Propellants

The following raw materials were used:

—  nitrocellulose, absorbent propellant, Yibin North Chuanan Chemical Industry
Co., Ltd.,

— ethanol and acetone (analytically pure) Luzhou North Chemical Industry
Co., Ltd.,

— plasticizer: nitroglycerin and triethylene glycol dinitrate, Luzhou North
Chemical Industry Co., Ltd.,

— RDX - type V (particle size: 20-45 um), RDX - ultrafine (particle size:
1-10 um) and HMX (particle size: 20-45 pm) — all of industrial grade, Gansu
Yinguang Chemical Industry Group Co., Ltd.,

—  CL-20, ¢ type, particle size: 20-45 um, industrial grade, Liaoning Qingyang
Special Chemical Co., Ltd.

The preparation of the propellants was carried out using the semi-solvent
hydraulic pressing process (hydraulic press, XTM103C-3T, from Luzhou
Northern Chemical Industry Co., Ltd., China). The molding pressure was
0~10 MPa, and the temperature was 25 °C. The main steps included absorption,
tablet compression, plasticization, extrusion molding, as well as curing, cutting,
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and drying. The resulting propellants had a 19-hole configuration; the aperture
diameter was 0.35 mm, and the arc thickness was 1.8 mm. In the mixed ester
nitramine propellant, the nitramine explosive component was added during the
gelation process, where the mass ratio of ethanol to acetone solvent was 2:3.
The formulation of the mixed ester nitramine propellants remained consistent
in component content, with only the type and particle size of the nitramine

propellants varying, as detailed in Table 1.

Table 1.  Formulations of the tested mixed ester nitramine propellants
Mixed . . Particle |Nitramine | Nitrocel- | Plasti- Other
ester Nitramine di losi 1ul . compo-

nitramine | explosive lameter expooswe uoose 0102 o nents
Dropellant [wm] | [%] [%] [%] o]
ZTH-1 RDX 1-10

ZTH-2 RDX 20-45

7TA TIMX 2045 17 48.5 32 2.5
ZTC CL-20 20-45

3 Test Methods

The surface morphology of the ZTH-1 and ZTH-2 propellants was analyzed
using a Field Emission Scanning Electron Microscope (SEM), (Carl Zeiss
Instruments, Germany).

The combustion performance was tested using a WJ1753-87 Closed Burst
Tester (Chengdu Keda Shengying Technology Co., Ltd., China). The closed burst
tester had a volume of 100 mL, with an experimental environmental temperature
of 20 °C. ADYY-1 piezoelectric sensor was used. The ignition charge was 1 g
of Class C nitrocellulose, with an ignition pressure of 9.8 MPa and a loading
density of 0.2 g/cm’.

The impact strength was tested using a ZWJ-0351 simple beam impact
testing machine (Yangzhou Daocun Test Machinery Factory, China). The testing
conditions were as follows: pendulum mass 5 kg, and square corner of 150 °.

The low-temperature drop-weight impact strength was tested using
a LDW-100T type low-temperature drop hammer testing machine (China North
Industries Group Corporation, 204 Research Institute). Under set conditions, the
drop hammer was released without initial velocity to fall freely and strike the fixed
end face of the propellant grain. The damage caused was recorded. The testing
conditions were as follows: drop hammer mass 5 kg, at temperature —40 °C.
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4 Results and Discussion

4.1 SEM results
SEM images of the tested mixed nitrate nitramine propellants containing different
RDX particle sizes are shown in Figure 1.

(b)
Figure 1. The SEM images of ZTH-1 (a) and ZTH-2 (b) propellants

As shown in Figure 1(a), the ZTH-1 propellant contained the ultrafine RDX
particles that were evenly embedded in the nitrocellulose matrix and tightly
encapsulated by the nitrocellulose, demonstrating good interfacial bonding
strength and structural integrity. This tight integration contributes to improved
mechanical properties and energy release efficiency of the propellant. In the
ZTH-2 propellant, shown in Figure 1(b), although the RDX particles are more
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evenly distributed, their larger particle size leads to the presence of noticeable
cavities within the propellant. Additionally, the interfacial bonding strength
between the RDX particles and the nitrocellulose matrix is weaker, making
the interface prone to delamination at the cut surface. Some RDX particles
are even detached from the nitrocellulose matrix. The primary reason for this
phenomenon is that as the particle size of RDX is increased, its specific surface
area decreases, reducing the contact area with the nitrocellulose matrix and
consequently weakening the interfacial bonding force. Moreover, larger RDX
particles are more susceptible to stress concentration effects during processing,
further weakening the bonding strength with the matrix [14].

4.2 Combustion performance

4.2.1 RDX-based propellants

Figure 2 shows the P-t curves of the ZTH-1 and ZTH-2 propellants. As shown
in Figure 2, the P- curves of ZTH-1 and ZTH-2 propellants are smooth, with no
abnormal fluctuations. The pressure at the beginning of combustion is nearly the
same for both, but as combustion progresses, the rate of pressure increase shows
a difference. However, the maximum pressure achieved is nearly identical. The
pressure increase rate of ZTH-2 is faster, and reaches the maximum pressure
approximately 0.9 ms earlier than ZTH-1, indicating that ZTH-2 has a shorter
combustion time and faster burn rate. This phenomenon is closely related to
the particle size of the RDX. The larger RDX particles used in ZTH-2 result in
a smaller specific surface area, which increases the reactivity of the combustion
reaction and accelerates the burn rate. Furthermore, the increase in RDX particle
size may also alter the thermal conductivity and combustion surface structure of
the propellant, further promoting acceleration of the burn rate [16].
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Figure 2.  P-tcurves of nitramine propellants with different RDX particle sizes

From the burning rate-pressure (U-P) curves of nitramine propellants with
different RDX particle sizes shown in Figure 3, it can be seen that, within the
low-pressure range (10-75 MPa), the burn rate growth rates of ZTH-1 and ZTH-2
are nearly identical, with the curves overlapping. In the medium-pressure range
(75-174 MPa), the burn rate of ZTH-2 is significantly higher than that of ZTH-1.
When the pressure exceeds 174 MPa, the burn rates of both propellants tend to
stabilize, reaching 170 mm-s™'. This phenomenon is closely related to the RDX
particle size and combustion mechanism. Firstly, the larger RDX particles used
in ZTH-2 result in slower heat absorption and thermal decomposition rate at
low pressure. However, as the pressure increases, the thermal decomposition
reaction becomes more intense, and the exothermic release significantly increases,
which may lead to local detonation of the RDX. This detonation not only rapidly
increases the gas-phase temperature but also causes the combustion surface to
become uneven, increasing the combustion area and accelerating the reaction
rate, thus significantly enhancing the burn rate. By contrast, the ultrafine RDX
used in ZTH-1 has a larger specific surface area, requiring more heat for melting
at the beginning of combustion [17]. As the pressure increases, the change in its
combustion surface is relatively smooth, especially in the high-pressure range,
where the rate of change in the specific surface area is small, leading to a relatively
lower burn rate. Additionally, the V-class RDX particles in ZTH-2 are less tightly
bonded with the nitrocellulose matrix, creating more internal porosity. Some RDX
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particles may detach from the matrix during combustion and enter the gas phase,
further increasing the effective combustion area. The heat released by the RDX
combustion in the gas phase then feeds back onto the surface of the propellant,
accelerating the combustion reaction. On the other hand, in ZTH-1, the ultrafine
RDX is tightly encapsulated by the nitrocellulose, making the structure denser
and resulting in smaller changes in the combustion area during combustion.
Therefore, the burn rate of ZTH-1 is lower than that of ZTH-2.

300

250 |

200 |
g ZTH-2(five level RDX)
£,150 |
)

100 \

ZTH-1(ultrafine RDX)
50
0 " 1 " 1 " 1 " 1 "
0 50 100 150 200 250

P [MPa]
Figure 3. U-P curves of nitramine propellants with different RDX particle sizes

Figure 4 shows the gas generation intensity versus combustion mass
fraction (/-%) curves of propellant samples with different RDX particle sizes.
From Figure 4, it can be observed that ZTH-2 propellant exhibits a higher gas
generation intensity, with a fuller combustion curve, indicating that ZTH-2
releases energy more intensely and continuously during combustion. This is
because the V-class RDX used in ZTH-2 has a larger particle size and a smaller
specific surface area. At low pressure, the thermal decomposition rate is slower,
and the energy release in the early stage of combustion is relatively gradual. As
the pressure increases, the thermal decomposition reaction of the V-class RDX
becomes more intense, with a significant increase in exothermic release, leading
to a faster gas generation rate and more concentrated energy release in the middle
and later stages of combustion. By contrast, the ultrafine RDX used in ZTH-1
has a smaller particle size and a larger specific surface area. The change in
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specific surface area during combustion is smaller, resulting in a more uniform
combustion reaction. However, the gas generation rate decays more quickly in
the later stages of combustion, causing the combustion curve of ZTH-1 to be
less full compared to ZTH-2.
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Figure 4. [-¥ curves of nitramine propellants with different RDX particle sizes

4.2.2 Nitramine-based propellants

The burn rate of the propellant mainly depends on the heat released by the
condensed-phase reactions of the propellant and the heat feedback from the gas-
phase reactions, both of which are related to the components of the propellant.
To investigate the impact of different types of nitramine explosives on the
combustion performance of the propellants, the formulation of the mixed ester
nitramine propellants was designed with identical components and contents,
except for the type of nitramine explosive. Therefore, samples containing RDX,
HMX, and CL-20 as oxidizers were used for the study, and the pressure-time (P-t)
and burning rate-pressure (U-P) curves from the closed burst tester experiments
were compared and analyzed, as shown in Figures 5 and 6.
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Figure 5. P-t curves for different types of nitramine propellants
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Figure 6. U-P curves for different types of nitramine propellants

Figure 5 presents the P-¢ curves of the three nitramine propellants containing
CL-20(ZTC),RDX (ZTH-2), and HMX (ZTA) in a closed vessel, demonstrating
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the significant influence of oxidizer type on combustion kinetics. The ZTC
propellant exhibits the fastest pressure rise, reaching its peak pressure (285.90 MPa)
within 10 ms. This rapid increase is attributed to CL-20’s high energy density
and low activation energy for thermal decomposition, which accelerate gas-phase
reactions and promote intense heat release, driving the pressure surge. By contrast,
ZTA propellant shows the slowest pressure rise, requiring 16 ms to attain its peak
pressure (282.74 MPa). This delayed response aligns with HMX’s high thermal
stability and sluggish gas-phase oxidation kinetics. The ZTH-2 propellant displays
intermediate behaviour with a 13 ms response time, consistent with RDX’s
moderate energy density and decomposition rate.

From Figure 6, it can be seen that under the condition of equal nitramine
explosive content but different types, the ZTC propellant exhibits the fastest
pressure rise rate, reaching the maximum pressure in the shortest time. By
contrast, the ZTA propellant containing HMX has the slowest pressure rise rate,
reaching the maximum pressure in the longest time. This is because CL-20, as
a high-energy density material, contains high strain energy and nitrogen content
in its molecular structure, allowing it to quickly release large amounts of gaseous
products and heat during combustion, significantly accelerating the pressure
rise rate. On the other hand, HMX has a lower energy density, and its thermal
decomposition rate and gas generation rate are relatively slower, leading to a more
gradual pressure rise. Additionally, the high reactivity of CL-20 allows it to form
more reactive intermediate products during combustion, further accelerating
the combustion process, whereas the molecular structure of HMX is relatively
stable, and its decomposition process requires higher activation energy, resulting
in a slower pressure rise rate under the same conditions.

Figure 6 and Table 2 show the U-P curves of propellant samples with the
three different types of nitramine explosives and the corresponding burn rates at
selected pressure points in the 25-220 MPa pressure range. From Figure 6 and
Table 2, it can be observed that within the 25-220 MPa pressure range, the burning
rates (U) at the same pressure point follow the order: U(ZTC) > U(ZTH-2) >
U(ZTA). The reasons for this are as follows. CL-20 as the primary oxidizer in
ZTC(CL-20) propellant, contains the highest nitrogen content in its molecular
structure. During thermal decomposition, it releases a significant amount of NO,
gas. NO, not only acts as an oxidizer in the combustion process but also catalyzes
condensed-phase reactions, promoting secondary decomposition exothermic
reactions. This increases the combustion surface temperature and accelerates the
reaction rate, thus leading to the highest burn rate for ZTC(CL-20) propellant
during combustion [7]. The thermal decomposition temperature (205 °C) of RDX
used in ZTH-2 propellant is significantly lower than that of HMX (278 °C).
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In the temperature range of 205 to 278 °C, RDX can reach rapid decomposition
conditions earlier and release more NO, gas, thus accelerating the combustion
reaction rate [18]. The HMX used in the ZTA propellant has a higher melting
point and larger decomposition activation energy, resulting in a slower thermal
decomposition rate under the same conditions. It releases less NO, gas, leading
to a lower combustion reaction rate and, therefore, a lower burn rate compared
to the ZTC and ZTH-2 propellants. The combustion rate pressure relationship
curve is fitted using a segmented exponential model, which is based on the
electrostatic Vieille’s law [9].

The U-P curves in Figure 6 were fitted using a segmented exponential model
(y = a-x®) with the least squares method. The burn rate pressure exponent (7) and
burn rate coefficient (U,) for the four pressure segments, as well as the burn rate
pressure equation over the entire pressure range (50-220 MPa), were obtained.
The results are shown in Table 3.

Table 2.  Results of the burning rate tests of tested nitramine propellants

U [mm-s'] at pressure [MPa]
25 50 75 100 | 125 | 150 | 175 | 200 | 220
ZTC 349 | 62.7 | 95.8 | 132.3|159.3|189.1[210.4|224.8|229.4
ZTH-1 29.6 | 52.6 | 80.8 | 106.4|126.8|147.1|170.1|183.7]190.5
ZTH-2 32.1 | 56.8 | 84.1 | 113.1]|136.2|154.4|170.2|183.6 | 188.8
ZTA 309 1499 | 71.5 | 95.9 | 119.0]139.4 | 158.8|173.1 | 178.8

Propellant

Table 3.  Regression data of different types of nitramine propellants at different
pressure intervals (P,, is the maximum pressure)

Pressure [MPa] U=U/P", in
Propel- | Para- P, the range of
lant | meter | 10-75 | 75-150 |150-220| 50-220 | [MPa] 50-220 MPa
U, 1.8318 | 1.6175 | 13.1102| 1.7912 0223

ZTC n 0.9080 | 0.9516 | 0.5352 | 0.9223 285.901.7912F°
U, 1.4504 | 2.0710 | 3.5181 | 1.6418 080

ZTH-1 n 0.9241 | 0.8524 ]0.74878| 0.8980 280.1511.6418F°
U, 1.3805 | 2.0716 |11.9524 | 2.2675 4387

ZTH-2 n 0.9561 | 0.8650 | 0.5145 | 0.8387 282.982.2675P°
U, |0.7861 | 1.1419 | 5.0173 | 1.3873 9160

ZTA n 1.0679 | 0.9613 | 0.6666 | 0.9160 28274 1.3873P°

From Table 3, it can be seen that, as the pressure increases, the pressure
exponent for the propellants with different types of nitramine explosives tends to
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decrease, fOllOWil’lg the order: 1(10-75 MPa) > 7(75-150 MPa) > 1(150-220 MPa)- This indicates
that when the particle size was the same, although the ZTH-2 propellant containing
RDX has a higher pressure exponent than the ZTC propellant containing CL-20
at low pressures, it has the lowest pressure exponent in the medium, high, and
entire pressure ranges. By contrast, the ZTC propellant containing CL-20 has
the highest pressure exponent in the entire pressure ranges (50-220 MPa). This
is because RDX has a lower melting point and energy density, and its thermal
decomposition process is relatively slow, leading to a slower energy release
rate. As a result, at the same pressure, the burn rate is relatively lower. On the
other hand, CL-20 has a higher energy density and lower thermal decomposition
activation energy, allowing it to quickly release a large amount of energy during
combustion, significantly increasing the burn rate [19].

4.3 Impact strength

The impact strength (a,) is an indicator of the toughness of a propellant with
a specific geometry under certain test conditions [20]. It represents the object’s
resistance to sudden impact. Typically, it is expressed as the work consumed to
break a specified propellant sample under constant temperature and load. When
a propellant cannot withstand sudden mechanical forces and fractures, it is
referred to as the propellant’s brittleness. The impact resistance characteristics of
the propellants were measured using a pendulum impact testing machine, which
determines the energy consumed during the fracture process of the propellant
under high-speed pendulum impact. Table 4 shows the impact resistance strength
of the propellants containing different nitramine explosives at —40 °C.

Table 4.  Impact strength (o) of nitramine propellants using a simple beam
test at —40 °C

Sample Impac[tkth‘rrenlzzg]th (@) The standard deviation [%]
ZTA 8.61 0.90
ZTC 7.90 0.70
ZTH-1 8.40 1.12
ZTH-2 8.70 1.19

From Table 4, it can be seen that when the content and particle size of the
nitramine explosives are the same, the impact strength of the different nitramine
propellants follows the order: a(ZTH-2) > a(ZTA) > a(ZTH-1)> a(ZTC).
Among these, the impact strength of ZTH-2 propellant is the highest, being
10.13% higher than that of the ZTC propellant. This phenomenon is closely
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related to the molecular structure of the nitramine crystals, their mechanical
properties, and their interaction with the binder interface [21].

CL-20 molecules have a larger relative molecular mass than HMX and RDX.
For nitramine explosive particles of the same size, the internal molecular spatial
configuration of CL-20 crystals is larger. When subjected to external impact
forces, cracks are more likely to propagate along weak crystal planes, weakening
the support provided by the particles to the cross-section and creating stress
concentration points, thereby reducing impact resistance [22]. The nitro group
(-NOy) in the nitramine and the hydroxyl group (—OH) in the polymer chains
of the binder are more likely to form hydrogen bonds, which increases rigidity
and weakens the flexibility of the binder’s polymer chains at the interface. This
further reduces the impact resistance strength. The crystal structures of RDX
(ZTH-2) and HMX (ZTA) are more symmetrical, with fewer internal defects.
Under low-temperature conditions, they can better maintain structural integrity,
exhibiting excellent impact resistance performance. By contrast, the high strain
energy in the CL-20 crystal structure provides superior energy characteristics
but also makes it more prone to brittle failure under low-temperature conditions,
thus reducing its impact resistance strength [23]. According to the hot spot theory,
when the explosive is subjected to mechanical external forces such as impact
and friction, the pores of the explosive particles are adiabatic and compressed to
form local hot spots, and in the process of impact (friction), the more hot spots
that are formed inside it, the more likely it is to deflagrate [24]. ZTH-2 may have
fewer defects on the surface, so it has a higher impact strength.

4.4 Low temperature drop-weight impact strength test

Low-temperature drop-weight impact strength is determined by releasing
a known mass drop hammer through a braking device under set conditions,
allowing it to fall free and strike the fixed end face of the propellant sample.
Table 5 shows the results of the drop-weight impact strength tests performed at
—40 °C for the nitramine propellants.

Table 5.  Table of low-temperature drop-weight impact strength test data for
the different nitramine propellants

Sample HarnnEle(rg}Nelght Fal%clrlrejght Broken rate [%]
ZTC 100
ZTH-1 70
ZTH-2 > 80 50
ZTA 20
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From Table 5, it can be observed that the three types of nitramine propellants
exhibit significant differences in their low-temperature impact strengths (drop
weight test), with the strength order being: [ZTA] > [ZTH-2]>[ZTH-1]> [ZTC].
Among these, the low-temperature mechanical performance (drop weight test)
of ZTA samples is slightly better than that of ZTH propellants, while the low-
temperature mechanical performance of ZTC propellant is the poorest. This is
due to the following reasons:

— Elastic modulus: The order of the elastic modulus for the three types of
nitramine crystals is [CL-20] > [RDX] > [HMX]. A smaller elastic modulus
indicates that the material is more likely to undergo elastic deformation under
external forces, which allows it to better absorb the impact energy applied
to it, resulting in better mechanical performance.

—  Friction coefficient: The friction coefficient is also an important factor
affecting low-temperature mechanical performance. The order of friction
coefficients for the three nitramine explosives is [CL-20] < [RDX] <
[HMX]. When the propellant matrix is subjected to axial forces, HMX,
with a higher friction coefficient, indicates that its crystal surface is rougher.
This roughness leads to more energy absorption when sliding under external
forces, which contributes to better mechanical performance.

5 Conclusions

This study has investigated the coupling effect mechanism between the particle

size of RDX and the CL-20/HMX explosive type on the high-pressure combustion

behaviour and extreme-environment mechanical properties of mixed ester

nitramine propellants, offering vital theoretical support for the development of

high energy insensitive propellants.

¢ Compared with the ZTH-1, the larger-particle-size RDX (20-45 pum) in
ZTH-2 enhances the combustion rate by 12.3% and intensifies gas generation
concentration by 37% at 174 MPa, primarily through increased propellant
porosity and amplified thermal feedback effects, thereby establishing a novel
control path for high-combustion-rate applications.

¢ Ofthe different types of mixed ester nitramine propellants containing RDX,
HMX, and CL-20, the burn rate follows the order: U(ZTC) > U(ZTH-2) >
U(ZTH-1)> U(ZTA). The pressure index of ZTH-2 propellant containing
RDX is the smallest, while the ZTC propellant containing CL-20 has the
largest pressure index.

¢  There are significant differences in the low-temperature impact strength
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between the three different types of nitramine propellants. The simple beam
test indicates that the impact strength of the propellant samples follows the
order: o (ZTH-2) > 0,(ZTA) >0,(ZTH-1)> 0,(ZTC). In the low-temperature
drop-weight impact strength test, the impact strength order is: [ZTA] >
[ZTH-2]> [ZTH-1]> [ZTC].

Although ZTH-1 and ZTH-2 have exactly the same formulation, their
performance shows significant differences due to the critical differences in
RDX particle size. The similar chemical composition ensures comparable
theoretical energy output and maximum pressure in a confined detonation.
ZTH-2 shows a significantly higher combustion rate and gas generation
intensity, attributed to its increased porosity and enhanced thermal feedback
effect; whereas the more densely structured ZTH-1 exhibits a lower
combustion rate. In terms of mechanical properties, the better interface
binding of ZTH-1 did not translate into the highest impact strength; ZTH-2
has a higher impact strength value (8.70 kJ-m).

This study reveals an inherent compromise between high-energy explosives
and mechanical properties.
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