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Abstract: To research the adsorption mechanism of water on composition B crystal surfaces and the effect on mechanical 

properties and sensitivity of explosive, the crystal model of composition B was established by Material Studio (MS). The 

adsorption process was simulated and the mechanical properties, adsorption energy of different crystal surfaces, trigger bond 

length, interaction energy of trigger bond and cohesive energy density were got and compared. The results show that the (0 1 0) 

crystal surface has the best adsorption capacity, the mechanical properties decrease after adsorption and it is more obvious with 

the increasing of adsorbed gas number, which indicates that the mechanical properties of composition B become worse. The 

maximum trigger bond length decreases, while the interaction energy of trigger bond and cohesive energy density increase with 

the increasing of gas number, thus illustrating that the sensitivity of composition B decreases. 
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1. Introduction 

As one of the most important explosives, composition B 

consists of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) and 

2,4,6-trinitroto-luene (TNT) and it has notable merits such as 

high energy density, good safety and improved mechanical 

properties. So, composition B has been widely used in both 

military and industry areas for a long time [1-2]. 

During the storage process, influenced by heat and other 

factors, composition B may be decomposed and some 

correlated gases such as carbon dioxide, nitrogen, water and 

etc. would come into being. The gases would be adsorbed on 

the crystal surfaces of explosive and caused some chemical 

and physical reaction, which would change the mechanical 

properties and sensitivity of composition B further. Influenced 

by this, the performance and safety of the weapons will be 

affected. Therefore, it is of great significance to research the 

adsorption mechanism of gases and the effect on mechanical 

properties and sensitivity of explosive. This paper chose the 

water as the adsorbed gas and researched the influence of 

adsorption on mechanical properties and sensitivity of 

composition B. 

To research the adsorption mechanism and simulate the 

adsorption process, the mainly used software is Material 

Studio (MS) [3] and molecular dynamics (MD) simulation is 

the commonly used method. Recently, a lot of researchers 

have used MS to conduct investigations on molecular 

structures, mechanical properties, sensitivity, stability, binding 

energy and detonation performance of energetic materials and 

high energy density explosives and a great deal of 

achievements have been got [4-13]. 

2. Calculation Model and Method 

2.1. Molecular Model of RDX and TNT 

Composition B consists of RDX and TNT, the molecular 

formula is C3H6O6N6, C7H5O6N3, respectively. The molecular 

models of RDX and TNT are shown in Fig. 1. (The grey 

represents carbon atom, the white represents hydrogen atom, 

the red represents oxygen atom and the blue represents 

nitrogen atom). 

2.2. Crystal Model of Composition B 

In composition B, the mass ratio of RDX and TNT is 60% 
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and 40%, respectively, while the relative molecular weight of 

RDX is 222.1 and it is 227.1 for TNT. By calculation, we 

know that the total ratio of molecular number of RDX and 

TNT in composition B is 3∶2. In this paper, the molecule 

number of TNT is 20, so the number of RDX is 30 and there 

are 1050 atoms in total. 

Both of the 20 TNT molecules and 30 RDX molecules are 

put in a box with size 20 nm×20 nm×20 nm to ensure that all 

of the molecules have enough motion space and can contact 

with each other, then the size of the box is decreased along 

with the pressing of space and isothermal-isochoric ensemble 

(NVT) MD simulations are performed, at this time, the density 

of the explosive will be increased. The process will go on until 

the density of the explosive reaches the ideal value. 

After the crystal has been established, MD simulations will 

be performed in Discover and Forcite modules to optimize the 

energy and structure of the model. Through optimization, the 

crystal parameters of composition B is a=2.295 nm, b=2.188 

nm, c=2.185 nm, α=93.26°, β=92.02°, γ=92.88°. The crystal 

model of composition B is shown in Fig. 2. 

 

Figure 1. Molecular models of RDX and TNT. 

 

Figure 2. Crystal model of composition B. 

To simulate the adsorption process and investigate the 

differences among the properties of various crystalline 

surfaces, the crystal model was cleaved along three crystalline 

surfaces (1 0 0), (0 1 0), and (0 0 1), respectively to keep its 

integrality. Then the optimized water molecules are put into 

the three crystal surfaces above. 

2.3. Mechanical Properties of Explosives 

The relation between stress (σ) and strain (ε) of a material 

follows the generalized Hooke’ law [14-15] as follows: 
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Where Cij (i, j=1, 2, …, 6) is the matrix of elastic 

coefficients. The matrix is symmetric due to the existence of 

strain energy, therefore, 21 coefficients are required to 

describe the relationship between stress and strain for 

materials. 

The mechanical properties for a material mainly conclude 

tensile modulus (E), bulk modulus (K), shear modulus (G), 

Poisson’s ratio (γ) and Cauchy pressure (C12－C44). Tensile 

modulus, bulk modulus, and shear modulus can be used to 

assess the rigidity or stiffness of a material [16]. Besides, 

mechanical properties can also be used to balance the ability 

for a material to resist elastic deformation. Meanwhile, the K 

value can also represent the rupture strength, that is, the 

greater the value of K is, the more energy will be required for a 

material to rupture. Cauchy pressure (C12－C44) can be used as 

a criterion to evaluate the ductibility or brittleness of a 

material. As a rule, the value of (C12－C44) for a ductile 

material is positive; on the contrary, it is negative for a brittle 

material. Besides, the more positive the (C12－C44) value is, 

the more ductile the material is. All the mechanical properties 

can be obtained from the Lamé coefficients (λ and µ) 

according to the following formulas: 

( )3 2
E

µ λ µ
λ µ

+
=

+
                (2) 

( )2
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                 (3) 

G µ=                         (4) 

2
 

3
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2.4. Calculation Conditions 

This paper mainly researches the adsorption mechanism of 

water on composition B crystal surfaces and the effect on 

mechanical properties and sensitivity of explosive. The 

number of adsorbed water is 5, 10, 15, 20, 25, 30, respectively. 

MD simulations are carried out in the NVT (constant number 

of particles, volume, and temperature) ensemble with the 

COMPASS force field [17-19]. The temperature is 295 K and 
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the step size is 1 fs and the total simulation time is 2×10
5
 fs. 

The systems are first integrated for 1×10
5
 time steps in all 

equilibration runs, which are necessary to attain the 

mechanical and thermal equilibrium, and then followed by the 

production runs of 1×10
5
 time steps, during which data are 

collected for subsequent analysis. One frame is saved per 1000 

steps, and totally 100 frames are saved to make analysis of 

static mechanical properties. 

3. Results Analysis 

3.1. Equilibrium of System 

To analyze the static mechanical properties of composition 

B, the system must reach the equilibrium state. The 

equilibrium of system is ascertained by the equilibrium in 

temperature and energy simultaneously; that is to say, when 

the temperature and energy fluctuate in the range of 5~10%, 

the system is believed to have reached the equilibrium state. 

Take the (0 1 0) crystal surface as an example, when the 

number of adsorbed water is 20, the temperature and energy 

curve versus time is shown in Fig. 3 and Fig. 4, respectively. 

 

Figure 3. Temperature curve versus time. 

 

Figure 4. Energy curve versus time. 

What can be seen from Fig. 3 and Fig. 4 is that the 

temperature and energy increases at the beginning and then 

both of the temperature and energy curves fluctuate at a 

certain range and the system equilibrates in less than 5×10
4
 fs. 

At last, the temperature fluctuates within ±15 K and the energy 

fluctuates with ±5~10%, which indicates that the system has 

reached the equilibrium state. For other conditions, the 

equilibrium state of the system is based on the two principles. 

3.2. Adsorption Energy of Different Crystal Surfaces 

The adsorption energy (Ea) is defined as follows: 

( )'

a T T w
E E E n E = − + ×               (6) 

Where Ea is the adsorption energy, ET is the equilibrium 

energy of the system before adsorption, '

TE  is the equilibrium 

energy after adsorption, Ew refers the single molecule energy 

of water, n represents the number of adsorbed water. The value 

of adsorption energy is negative, and the more negative the 

value of adsorption energy (Ea) is, the better the adsorption 

capacity is. 

The adsorption energy of different crystal surfaces is shown 

in Fig. 5. 

 

Figure 5. Adsorption energy of different crystal surfaces. 

It can be clearly drawn from Fig. 5 that the adsorption 

energy of the three crystal surfaces is different from each other. 

The adsorption energy value of (0 1 0) crystal surface is the 

most negative, thus indicating that (0 1 0) crystal surface has 

the best adsorption capacity, then comes to the (1 0 0) crystal 

surface and (0 0 1) crystal surface is the last. What’s more, we 

can also conclude that with the increasing of adsorbed gas 

number, the adsorption energy value decreases, which further 

implies that the adsorption capacity becomes better. 

3.3. Mechanical Properties of Composition B Before and 

After Adsorption 

When the system reaches the equilibrium state, calculations 

will be conducted under the Forcite modules in MS and we 

can get the mechanical properties of different crystal surfaces. 

For example, when the number of adsorbed water is 15, the 
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elastic coefficients and mechanical properties (tensile 

modulus, Poisson’s ratio, bulk modulus, shear modulus and 

Cauchy pressure) of different crystal surfaces are shown in 

Table 1. 

What can be clearly concluded from Table 1 is that after 

adsorption water, the mechanical properties of the three 

crystal surfaces have changed to some extent. Compared with 

the initial moduli, the mechanical properties (tensile modulus, 

bulk modulus, shear modulus and Cauchy pressure) decrease 

after adsorption, which illustrates that the rigidity of the 

explosive is reduced, i.e., the resistance to elastic deformation 

is decreased. Besides, these variations also suggest that the 

explosive will deform more easily when they are subjected to 

an external force, while Cauchy pressure decreasing means 

that the ductibility of the explosive becomes worse after 

adsorption. Therefore, adsorption water has a negative effect 

on the mechanical properties of composition B. 

Table 1. Mechanical properties of different crystal surfaces before and after adsorptiona). 

 

(1 0 0) Crystal Surface (0 1 0) Crystal Surface (0 0 1) Crystal Surface 

Before 

Adsorption 

After 

Adsorption 

Before 

Adsorption 

After 

Adsorption 

Before 

Adsorption 

After 

Adsorption 

C11 3.924 2.381 5.819 4.338 3.471 2.512 

C22 6.094 3.447 4.760 3.871 2.570 3.124 

C33 3.184 2.579 4.657 3.623 2.874 2.653 

C44 -0.124 0.292 -0.169 -0.198 -0.437 0.077 

C55 -0.109 -0.422 2.778 1.785 1.119 0.953 

C66 -0.921 0.639 0.992 1.605 -0.844 -0.162 

C12 5.006 4.673 4.140 3.947 3.649 3.789 

C13 3.672 2.920 3.821 3.982 3.035 3.066 

C23 5.488 4.911 5.014 4.157 5.217 4.164 

C15 -0.529 0.859 0.855 -0.079 0.394 -0.193 

C25 -0.597 0.908 0.043 0.320 0.508 0.367 

C35 -0.246 1.148 0.296 -0.066 1.068 -0.368 

C46 1.259 0.677 0.516 0.018 0.711 0.655 

Tensile Modulus (E) 6.812 5.382 6.979 5.278 6.967 5.791 

Poisson’s Ratio (γ) 0.324 0.337 0.309 0.335 0.298 0.312 

Bulk Modulus (K) 6.437 5.509 6.102 5.346 5.756 5.144 

Shear Modulus (G) 2.573 2.012 2.665 1.976 2.683 2.206 

Cauchy Pressure (C12－C44) 5.130 4.381 4.309 4.145 4.086 3.712 

a) Units for all the elastic coefficients and mechanical properties is GPa except for Poisson’s Ratio. 

Table 2. Mechanical properties of (0 0 1) crystal surfaceb). 

n (H2O) 0 5 10 15 20 25 30 

C11 3.471 2.773 2.702 2.512 2.769 2.959 2.253 

C22 2.570 1.923 2.975 3.124 3.461 2.817 2.691 

C33 2.874 3.655 3.142 2.653 1.959 1.966 2.483 

C44 -0.437 -0.296 -0.329 0.077 0.524 0.948 0.941 

C55 1.119 1.066 1.477 0.953 0.833 1.048 0.874 

C66 -0.844 0.328 0.658 -0.162 -0.024 0.205 -0.330 

C12 3.649 3.611 3.569 3.789 4.177 4.251 4.129 

C13 3.035 3.276 3.294 3.066 2.850 3.573 3.665 

C23 5.217 4.882 4.756 4.164 3.582 2.049 1.272 

C15 0.394 -0.189 -0.400 -0.193 0.487 -0.017 -0.198 

C25 0.508 0.437 -1.459 0.367 0.426 -0.317 0.507 

C35 1.068 -0.769 -1.344 -0.368 0.123 -0.739 -0.151 

C46 0.711 0.551 -0.142 0.655 0.848 1.015 0.757 

Tensile Modulus (E) 6.967 6.634 6.421 5.791 5.371 4.067 3.690 

Poisson’s Ratio (γ) 0.298 0.303 0.306 0.312 0.317 0.342 0.344 

Bulk Modulus (K) 5.756 5.620 5.512 5.144 4.896 4.301 3.937 

Shear Modulus (G) 2.683 2.545 2.458 2.206 2.039 1.515 1.373 

Cauchy Pressure (C12－C44) 4.086 3.907 3.898 3.712 3.653 3.303 3.188 

b) Units for all the elastic coefficients and mechanical properties is GPa except for Poisson’s Ratio. 
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3.4. Effect of Adsorption Gas Number on Mechanical 

Properties 

To research the effect of adsorption gas number on mechanical 

properties of explosive, take the (0 0 1) crystal surface as an 

example, Table 2 presents the mechanical properties of the 

explosive in different conditions and Fig. 6 gives the mechanical 

properties curves versus adsorption gas number. 

 

Figure 6. Mechanical properties of (0 0 1) crystal surface. 

What can be clearly seen from Table 2 and Fig. 6 is that the 

adsorption gas number has a direct effect on the mechanical 

properties of explosive. With the increasing of adsorption gas 

number, the mechanical properties (tensile modulus, bulk 

modulus, shear modulus and Cauchy pressure) decrease 

gradually and it is more obvious for the tensile modulus and 

shear modulus. Before adsorption, the tensile modulus is 

6.967 GPa and the shear modulus is 2.683 GPa; after 

adsorption, the tensile modulus is 3.690 GPa and shear 

modulus is 1.373 GPa, the decreased extent of tensile modulus 

and shear modulus is 47.04%, 48.38%, respectively. While the 

decrease of bulk modulus is 31.60% and it is 21.98% for 

Cauchy pressure. The decreasing of mechanical properties 

implies that the rigidity and hardness of the explosive 

becomes worse, while the toughness and plastic property 

becomes better. Based on the simulation results, we can 

conclude that after adsorption water, the elastic coefficients 

and mechanical properties of composition B decreased 

obviously, thus illustrating that the mechanical properties of 

explosive becomes worse. So, the effect of adsorption on 

mechanical properties of composition B should be taken into 

consideration and some correlated measures should be taken 

to keep its favorable mechanical properties. 

3.5. Effect of Adsorption on Sensitivity 

Generally speaking, sensitivity of energetic materials is 

defined as the degree to which they can be initiated to 

decompose or explode by external stimulus. The stimulus 

includes heat, impact, shock waves, friction, electric spark and 

so on. The sensitivity of energetic materials is usually used to 

assess their safety and it has great influence on the designing 

of new energetic materials. The sensitivity is commonly 

measured by experimental method. Theories to judge the 

sensitivity mainly include the hot spot theory [20] and trigger 

bond theory [21]. Based on the conclusions got from other 

references, we choose the trigger bond length, interaction 

energy of trigger bond and cohesive energy density as the 

criteria to judge the sensitivity of composition B in this paper. 

3.5.1. Trigger Bond Length 

The trigger bond refers the chemical bond that has the least 

energy and it is more likely to be broken to make the energetic 

materials decompose or explode when subjected to external 

stimulus. Composition B consists of RDX and TNT, for RDX, 

the trigger bond is N—NO2 bond [22-23]; For TNT, the trigger 

bond is the C—H bond in methyl [24-25]. Considering the fact 

that RDX is more sensitive than TNT and it is more likely to 

explode or decompose under external stimulus, so the 

N—NO2 bond is chosen as the trigger bond for composition B. 

Take the (1 0 0) crystal surface as an example, when the 

number of absorbed water is 10, the trigger bond length 

distribution in equilibrium system is shown in Fig. 7. The 

probable trigger bond length (Lprob), average trigger bond 

length (Lave) and maximum trigger bond length (Lmax) is shown 

in Table 3. 

 

Figure 7. Trigger bond length distribution. 

From Fig. 7, we can see that the trigger bond length 

distribution is like symmetric Gauss’s distribution and more 

than 95% of the trigger bond has length of 0.133~0.144 nm. 

From Table 3, we can see that the probable trigger bond length 

(Lprob) and average trigger bond length (Lave) are nearly the same 

and both of them don’t vary obviously, while the maximum 

trigger bond length (Lmax) decreases monotonously with the 

increasing of absorbed number of water. The decreasing of 

maximum trigger bond length means that it may be less likely 

for the trigger bond to be broken when subjected to external 

stimulus, thus indicating that the sensitivity of composition B 

decrease after adsorption. In other words, adsorption water has 

positive effect on sensitivity of explosive and the safety of 

composition B can be improved after adsorption. 
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Table 3. Trigger bond length (nm). 

n (H2O) 0 5 10 15 20 25 30 

Lprob 0.1399 0.1397 0.1397 0.1396 0.1396 0.1396 0.1395 

Lave 0.1398 0.1396 0.1396 0.1396 0.1395 0.1395 0.1395 

Lmax 0.1639 0.1608 0.1595 0.1577 0.1565 0.1544 0.1527 

 

3.5.2. Interaction Energy of Trigger Bond 

The interaction energy of trigger bond (EN—N) is defined as 

follows: 

( )N-N 1 2 /E E E m= −             (7) 

Where E1 is the total energy of the system after reaching 

equilibrium state, E2 represents the total equilibrium energy of 

the system with all the N atoms in RDX fixed purposely, m 

refers the number of N—NO2 bond in composition B. EN—N 

can be used to measure the bond strength and judge the safety 

of energetic materials. The higher the value of EN—N is, the 

stronger the bond strength is. 

Take the (1 0 0) crystal surface as an example, Fig. 8 

presents the interaction energy of trigger bond (EN—N) in 

different conditions. 

 

Figure 8. Interaction energy of trigger bond. 

What can be concluded from Fig. 8 is that with the 

increasing of absorbed number of water, the interaction 

energy of trigger bond increases gradually. Before 

adsorption, the interaction energy of trigger bond is 154.7 

kJ/mol, after adsorption, the energy is 165.5 kJ/mol, the 

increasing of interaction energy of trigger bond is 6.98%. 

The increasing of the interaction energy of trigger bond 

means that the strength of the N—NO2 bond becomes 

stronger and it becomes hard for the trigger bond to be 

broken to cause decomposition or explosion for the energetic 

materials. That is to say, the sensitivity of composition B 

decreases after adsorption. 

3.5.3. Cohesive Energy Density 

Cohesive energy density (CED) is defined as the energy that 

needed for a material to transfer from condensed phase to gas 

phase. Cohesive energy density equals to van der Waals plus 

with the electrostatic. Table 4 presents the cohesive energy 

density and other energies of the equilibrium system. 

What can be drawn from Table 4 is that with the increasing 

of adsorbed number of water, the cohesive energy density, van 

der Waals and electrostatic increases. After adsorption, the 

increasing extent of cohesive energy density, van der Waals 

and electrostatic is 29.75%, 46.27%, 19.86%, respectively. 

The increasing of cohesive energy density implies that the 

sensitivity of explosive decreases, which is consistent with the 

conclusions drawn above. 

Table 4. CED and other energies (kJ/cm3)c). 

n (H2O) 0 5 10 15 20 25 30 

Cohesive Energy 

Density 
0.679 0.724 0.745 0.783 0.831 0.852 0.881 

Van Der Waals 0.255 0.279 0.297 0.317 0.349 0.356 0.373 

Electrostatic 0.423 0.445 0.448 0.467 0.482 0.496 0.507 

c) Cohesive Energy Density = Van Der Waals + Electrostatic. 

4. Conclusions 

This paper mainly researches the adsorption mechanism of 

water on composition B crystal surfaces and the effect on 

mechanical properties and sensitivity of explosive by 

molecular dynamics simulation method. The results show 

that: 

(1) After adsorption water, the mechanical properties of 

composition B decreases, which illustrates that the 

mechanical properties becomes worse, so the adsorption 

effect on mechanical properties should be taken into 

consideration and some correlated measures should be 

taken to ensure that the explosive can keep its favorable 

mechanical properties. 

(2) The (0 1 0) crystal surfaces has the best adsorption 

capacity, then comes to the (1 0 0) crystal surfaces, and 

(0 0 1) is the last. For all of the three crystal surfaces, 

with the increasing of adsorbed number of water, the 

adsorption energy decreases, thus illustrating that the 

adsorption capacity increases. 

(3) After adsorption, the maximum trigger bond length of 

explosive decreases, while the interaction energy of 

trigger bond and cohesive energy density increases, 

which indicates that the sensitivity of composition B 

decreases and the safety has been improved. Therefore, 

the adsorption has advantages on the safety of 

explosive. 
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