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Abstract:  

Nanothermite colloid is a promising field of research used to enhance the characteristics of 

energetic materials. In this study, pre-treated surfaces of multiwall-carbon nanotubes 

(MWCNTs) were catalysed to help the deposition of a metal and the coating process by 

copper (Cu) nanoscale layer through electroless deposition. The formed hybrids coated by Cu 

were treated at 250 °C to form MWCNTs coated by CuO. Isopropyl alcohol was used to 

suspend the coated MWCNTs with aluminium nanoparticles (120 nm) in order to form nano 

thermite colloid by ultrasonic technique. The presence of CuO layer plays the role of an 

active oxidizer for the Aluminum nanoparticles. The obtained colloid was incorporated and 

dispersed in 1,3,5-trinitro-1,3,5-triazinane (RDX). The influence of colloid on RDX 

decomposition kinetic was evaluated using the isoconversional methods (modified Kissinger-

Akahira-Sunose (KAS) methods). The mean value of apparent activation energy was reduced 

by 37.5 %. This dramatic change in RDX decomposition ascribed trait to the nano-thermite 

colloid reactivity and the facile integration of colloidal thermite particles with the RDX. 

Keywords: Electroless plating, Nanoparticles, Multi-walled carbon nanotubes (MWCNTs), 

nanothermites, Explosive.  

1. Introduction: 

The energy output of high explosives can be increased by raising the contribution of the heat 

of explosion [1, 2]. The reactive metal particles might raise the energy density with increasing 

the total impulse of explosives[3, 4]. Aluminum with its variable shapes and sizes has always 

been an area of interest when used with metal oxides and incorporated in energetic 

formulations to increase the overall energy and performance[5, 6]. 

Thermite reactions (metal oxide/metal) have high exothermicity and propagate based on their 

sustained oxygen content; these reactions find wide applications in high energy systems. On 

the other side, nano-thermites have other various applications especially in the devices used to 
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generate energy in the application of modern energetic materials (MEMs) [3]. Since multiwall 

carbon nanotubes (MWCNTs) offer relatively large surface areas, they are effective carriers 

for nanothermite particles.   

For pure ordinary organic explosives; the explosion heat depends on the combustion heat 

produced from the constituent fuel elements on the material (carbon and hydrogen)[7]. 

Simply the combustion heat could be  increased by adding fuels (with high heat of 

combustion) to the explosive to enhance the explosive overall energy [8], [9]. Most traditional 

energetic materials might produce free oxygen in the plasma phase of the explosion. The 

presence of oxidizer (such as thermites or hybrid materials containing sufficient oxidizer) 

could enhance the performance of the energetic materials due to the availability of oxygen 

inside the matrix itself [10, 11]. Thermites are composed of fuel and oxidizer which are able 

to undergo reduction-oxidation (Redox) reaction and caused the oxidation reaction to produce 

a stable oxide and free metal from the reduction process of the metallic oxide. The reaction 

has high exothermicity and propagates by the self-sustaining oxygen content. Consequence of 

the released heat and the produced temperature from the thermite reactions, thermites have 

several applications in welding, reactive fragments and ordinance disposal [12]. Due to the 

redox reaction, the formed metal might tolerate further combustion in the availability of more 

oxygen under high temperature and  generate more heat [9]. 

                          

A comparison of the volumetric and gravimetric heats of reaction of the thermite/redox 

reaction with that of  highly energetic explosives proved that the thermite reactions produce 

higher energies [13] as shown in Fig.1. 

 

Fig 1: Comparing the produced energy from thermites composition with common explosives 

[13] 



One of the advantages of nanotechnology is the great decreasing of the material particle size 

and increasing the ratio of surface/volume as shown in Fig. 2. Consequently, the highly 

increase in the surface energy causes improvement of  the contact area and mixing 

homogeneity [14].  

 

Fig. 2 Effect of reactants particle sizes on the reaction rate and released energy [15] 

All these properties resulted in significant enhancement of the reactivity and increasing the 

propagation of the reaction rate.  The enhancement of nano-composite thermite reactivity is 

resulted from the high connection of Al with the oxidizer (metal oxide) [16]. 

Multi-walled-carbon nanotubes (MWCNTs) contain a structure with rich pore and large 

surface area (> 700 m2/g), which might be used as catalyst [17, 18]. If MWCNTs were 

functionalized with energetic groups, compounds or metal fuels, they become more energetic 

and might find applications in highly energetic systems, fine welding, aircraft ejection seats 

and nanothermite synthesis [19] 

This superior surface area of multiwall-carbon nanotubes (MWCNTs) can be employed in 

synthesis of hybrid materials by plating the nanotubes with different metals to form a nano-

composite. The metallization process depends on the surface catalyzation of MWCNTs, 

which increases the activity of the surface to enhance the bonding of the nanotubes with the 

deposited metal [20-22]. 



The metallization process of MWCNTs could be carried out by an electroless deposition 

process at room temperature. Electroless deposition technique [17] is the preferred technique 

when it is compared with other techniques such as molecular-level mixing [23], and 

chemical/physical vapour deposition [24] due to its simplicity and high efficiency where it is 

used for the deposition of different elements such as copper[21] , nickel [25], silver, gold 

[26], and cobalt onto MWCNTs [27].  

MWCNTs should be pretreated by acid to purify and catalyze the surface of MWCNTs in 

order to be ready for the covering process, as shown in schematic representation in Fig. 3.   

 

Fig. 3: A scheme for the electroless plating of MWCNTs by copper. [28] 

An effective plating bath containing formaldhyde as a reducing agent was designed to be used 

for the Cu deposition on MWCNTs. The process is achieved by the reaction of the functional 

groups of MWCNTs surfaces with the metal ions. The particles of Cu are deposited on the 

pretreated surface of MWCNTs with uniform distribution [28]. 

This investigation reports on the synthesis of Cu-MWCNTs hybrid nanomaterials by 

electroless plating, then the complete annealing process at (250 oC) to get CuO-MWCNTs. 

The weight ratio of Cu : MWCNTs affects the thickness of the Cu layers deposited on the 

MWCNTs and its morphology. 

Nano-composite manufacture is based on the dispersion of CuO-MWCNTs in acetone with 

aluminum nanoparticles. The acetone acts as dispersion medium and solvent for the energetic 

system to enhance the nano-particle distribution in the medium.  

The synthesized energetic hybrid material (MWCNTs/CuO/Al) produces high amount of 

gaseous where the produced Cu metal might be converted to gas as a result of its low boiling 

point (1000 oC) [29]. While the conversion process takes place, MWCNTs/CuO/Al reactions 

will proceed with high rate.  



RDX (1,3,5-trinitro-1,3,5-triazinane) is one of the most usable explosives all over the world 

[30], it has several applications such as production of plastic explosives (composition C-4 and 

semtex-1H) [31, 32], highly pressed explosive for shaped charges and formation of 

demolition charges [33, 34]. In this paper, hybrid material based on CuO plated MWCNTs 

was synthesized by electroless plating process and employed with nano Al(100 nm) to form a 

hybrid thermite material. The influence of the prepared nano-thermite mixture on the thermo-

analytical characteristics of  RDX was discussed.  This study presents a novel process for the 

development of a hybrid thermite materials and their incorporation with the explosives for 

several applications in the field of energetic materials. 

2. Experimental 

2.1 Materials 

MWCNTs were obtained from US research nanomaterials, Inc. (purity of 95%, 5-10 nm 

inside diameter, 20-30 nm outside diameter and 0.5-2 μm length). Also copper(II) sulfate 

penta-hydrate (CuSO4·5H2O, Sigma-Aldrich), Sodium Citrate (C6H5Na3O7·2H2O, Bio shop), 

sodium hydroxide (NaOH,  CALEDON Laboratory Chemicals), Hydrochloric acid (HCl, 

CALEDON), Acetone (99.9% Penta chemicals), Stannous chloride (SnCl2, CALEDON 

Laboratory Chemicals),  stannous chloride dihydrate (SnCl2·2H2O, 98%, Caledon),  

palladium (II) chloride (PdCl2, Art-craft chemicals Inc.) were used. In addition, RDX (Dyno 

Nobel, mixture of Class 2 and 5) was used.  

2.2 MWCNTs Catalyzation process  

Catalyzation of MWCNTs is a surface pre-treatment procedure which can be employed to 

deposit different metals on the surface. Catalyzation process encompasses two main stages 

including sensitization and activation as demonstrated in Fig. 4 [35-37].  

Sensitization is the initial process to create active sites on the structure of MWCNTs using 

SnCl2 and strong acid. Sensitization mixture composed of 4 g SnCl2, 20 ml conc. HCl, and 

180 ml deionized water. 4 g of MWCNT was dispersed in the mixture and sonicated with 

ultra-sonic probe sonicator (Qsonica – Q500) for an hour. As a result, a catalyzed surface 

should be effectively created. The sensitized MWCNTs were filtrated and washed by water 

then it was dried at 75 °C for one hour under vacuum. 

Sensitized MWCNTs was activated with 200 ml activating reagent (0.06 g PdCl2, 4 ml HCl, 

and 200 ml dionized water). Activation process was achieved under sonication process for 

340 minutes. The activated MWCNTs was finally filtered and washed by dionized water then 

dried. 



2.3 Metallizing the MWCNTs by Copper 

Electroless plating of MWCNTs was performed by the deposition of copper nano-crystals to 

get 16 fold of Cu to 1 fold nano-carbon materials [35, 38, 39]. This emerging path could 

present continual Cu surface layer. The activated nano-carbons (0.6 gram) were scattered in 

400 ml of the plating solution. The solution contains 37 g of CuSO4.5H2O, 88 g 

Na3C6H5O7·2H2O, 110 ml of HCHO, and deionized water.  Ultrasonic Probe was applied to 

the MWCNTs nano-carbons materials for one hour. During the sonication, 1000 ml of sodium 

hydroxide solution was supplied to maintain the pH at 9:10. The complete coating of 

MWCNTs with Cu was observed by changing the black colour of the slurry to red brownish. 

The prepared sample was filtered and washed by deionized water, then left for 6 hours under 

heating at 260 °C to get MWCNTs coated by CuO. The complete MWCNTs metallization 

and annealing process are shown in Fig. 4. 

Fig. 4: Schematic diagram for electroless plating methodology of  nano-carbons/Cu. 

2.4 Characterization of MWCNT. 

The crystal morphology of MWCNTs and CuO/MWCNTs was studied by TEM (JEM-2010F 

by Joel Corporation). The crystallinity of the samples was determined by using X-ray 

diffraction (XRD) based on Bruker D8 Discover instrument. Also, SEM (ZEISS SEM EVO 

10 MA) was used to study the crystal sizes and shapes of the studied samples.  

2.5 Dispersion of CuO-MWCNTs with Alex into energetic matrix  

CuO-MWCNTs/Al/RDX was developed by solvent blending approach. The following 

procedure was applied: The calculated amounts of 94% RDX, 1% CuO-MWCNTs and 5% Al 

were weighed accurately. CuO-MWCNTs was added with aluminium nanoparticles (Alex) in 

acetone placed on ultrasonic path in order to dissipate the oxidizer and fuel particles and 

eliminate any aggregation. The prepared nanothermite was added to the completely dissolved 

RDX in acetone under sonication followed by gradual heating to guarantee the evaporation of 

acetone and complete dispersion of nanothermite particles with the energetic matrix (RDX).  

2.7 Thermal analysis study  

The RDX/MWCNT/Al/CuO and the pure RDX were studied by Thermogravimetric analysis 

(TGA55, TA Instruments, USA , open high temperature platinum crucible) at heating rates of 



3, 5, 7 and 10 0C min-1. The samples were tested in a range of temperature of 40–350 oC, and 

the mass of the sample was 1-2 mg tested in dynamic nitrogen atmosphere (40 ml min-1). 

2.8 Theoretical investigation  

The decomposition kinetics are based on determining the activation energy, Ea, with the 

preexponetial factor, A, in addition to the model of the reaction,  f(α), which are known as 

kinetic triplet. The evaluation of the solid phase reactions could be investigated by various 

techniques [40]. Different isothermal or nonisothermal methods could be applied to obtain the 

decomposition kinetics.  

Isoconversional method could be investigated depending on the change of the rate of process  𝑑𝛼𝑑𝑡 = 𝑘(𝑇)𝑓(𝛼) 1  

In this case, the reaction model is f(α) and k(T) is a rate constant (depend on the temperature) 

and could be determined by applying Arrhenius equation  𝑘(𝑇) = 𝐴𝑒𝑥𝑝(−𝐸𝑅𝑇) 2  

By adding eq. 2 to eq.1, the kinetic differentiation could be: 𝑑𝛼𝑑𝑡 = 𝐴𝑒𝑥𝑝 (−𝐸𝑅𝑇) 𝑓(𝛼) 3  

By the integration of eq.3, the following equation was obtained 𝑔(𝛼) ≡ ∫ 𝑑𝛼𝑓(𝛼) = 𝐴 ∫ 𝑒𝑥𝑝 (−𝐸𝑅𝑇) 𝑑𝑡𝑡
0

𝛼
0  4  

Here; g(α) represents the integrated order for the model of the reaction. 

In the iso-conversional method, the model of the reaction is based on Eq. 1 and does not 

depend on the temperature. In this study, the modified Kissinger-Akahira-Sunose (KAS) 

methods were investigated:  

ln ( βiTα,i1.92) = const − 1.0008 ( EαRTα)                                                              5 

The symbol Tp represents the exothermic peak temperature at the selected rates and   is the 

selected heating rate. By plotting of  ln ( βiTα,i1.92) against ( 1𝑇𝛼) (at various heating rate), the slope 

of the obtained straight line represents the activation energy [41].  

 

 



3. Results and Discussions 

3.1 CuO‑MWCNTs characteristics 

TEM images of hybrid nancomposite CuO-MWCNTs reveal the CuO nano-particles (14 nm 

particle size) deposition on the CNT walls. Figure 5 confirms the success of the electroless 

plating methodology to enhance effectively the surface area occupied by the copper oxide. 

These surface areas with the localized oxidizer sites could support rapid reactions in the 

presence of Alex metallic fuel. 

 

  

Fig.5 TEM micrographs of CuO/MWNT.  

The X-ray diffraction was applied to evaluate the crystallinity of the samples according to the 

different applied processes. The crystallinity of the synthesized CuO-MWCNTs was 

examined, as illustrated in Fig. 6. The results indicate that there are ten distinctive peaks of 

CuO, these peaks are compatible with the data reported on the international centre for 

diffraction data (JCPDS). 

 



 

Fig. 6:  XRD patterns of CuO-coated MWCNTs  

It was observed that there is a high reflection ratio of copper oxide to MWCNTs (16:1) in the 

XRD patterns, with a high purity (no traces of other materials) of the synthesized hybrid.  

The hybrid CuO-MWCNTs morphology was studied using SEM (Fig. 7). The SEM 

micrographs indicated the effect of the annealing process on the aggregation and 

agglomeration of hybrid nanoparticles. This challenge has been overcome by the dispersion of 

CuO-MWCNTs in acetone along with Alex to grow an energetic nanothermite colloid using 

ultrasonic technique. 

 

Fig.7 A SEM micrograph of CuO coated MWCNTs  

3.2 Thermal behavior of the energetic nano composite 

3.2.1 TG/DTG studies  

In figure 8, the TG/DTG curves of the pure RDX and the new colloid of CuO-MWCNT-Al 

nano-thermite at different heating rate were presented and the decomposition data are 

reported in table 1. It is obvious that the two studied samples have single decomposition 

process even in the presence of the novel hybrid colloid. In case of 3 oC min-1 heating rate, the 

pure RDX started the process of decomposition with onset decomposition temperature of 

Cu
O

CN
T



161.2 oC while the onset decomposition temperature of RDX/MWCNT/Al/CuO was 168.9 oC. 

It means that the new colloid CuO-MWCNT-Al has positive influence on the starting of the 

decomposition process of RDX based colloid. On the other side, the maximum decomposition 

peak of the pure RDX was observed at 205.6 oC while it was at 201.9 oC for the 

RDX/MWCNT/Al/CuO nano-thermite. In this case, the maximum decomposition peak of 

RDX is higher than the thermite mixture. These results prove that the completion of the 

decomposition process of RDX/MWCNT/Al/CuO was fast in comparison with the pure RDX. 

This result might be connected with the high thermal conductivity of both Al and CuO which 

cause quick distribution of the accumulated heat over the high surface area of the sample and 

speed up the end of the decomposition process. The same phenomena observed at the 

different studied heating rates, the onset decomposition temperature of 

RDX/MWCNT/Al/CuO was higher than RDX at each individual heating rate but the 

maximum decomposition peak was lower. These results prove the fast completion of the 

decomposition process of RDX/MWCNT/Al/CuO in comparison with the pure RDX. 

Regarding to the mass loss at the end of the decomposition process, the pure RDX was nearly 

decomposed completely (the solid sample was converted to gaseous products) with the 

presence of nearly 1 % residue which might be impurities or non-oxidized carbon soat. In 

case of RDX/MWCNT/Al/CuO, the remained residue was in the range of 3.4 to 6.2 % which 

could be due to the residue of the decomposition products of Al and the CuO in the colloid. 

  

  

a RDX/MWCNT/Al/CuO b RDX 

 
Fig. 8 TG/DTG of the prepared colloid and the RDX at the studied heating rates 

 

 

 

 



Table 1. TG/DTG results of the prepared RDX/MWCNT/Al/CuO-Composite, and the pure RDX at 

different heating rates 

type 
TG curve DTG curve 

ᵝ / oC min-1 To / 
o C Mass loss / % Tp / 

oC Toe / 
oC 

RDX/MWCNT/Al/CuO-

Composite 

3 168.9 95.9 201.9 215.0 

5 170.0 93.8 206.9 217.9 

7 175.3 96.6 212.5 225.0 

10 181.0 96.5 218.7 231.6 

RDX 

3 161.2 99.9 205.6 218.5 

5 168.3 99.0 210.6 224.3 

7 178.3 98.8 213.5 225.7 

10 181.5 99.4 220.2 235.4 

3.2.2 Non isothermal kinetic parameters studies 

For the advanced modified energetic compositions, it is important to determine the thermal 

characteristics due to their intrinsic connection with the performance of detonation and 

combustion of the used composition [42-46]. Also the thermal stability and the activation 

energy (Ea) are essential to be determined in addition to the decomposition heat [47-51]. 

Several isoconversional methods can be applied to study the decompositions characteristics of 

the energetic colloids such as the modified Kissinger-Akahira-Sunose (KAS) which is 

recommended according to ref. [40]. In this study, KSA is used to determine the Ea at 

conversion rates ranging from 5 to 90%. In this study, the mean values of α were selected in 

the interval of 0.25 to 0.85 due to the inaccuracy of the results from the tail peaks. The 

obtained data are reported in Table 2. The mean values of the obtained Ea of the studied 

samples were 113.5 and 181.5 kJ mol-1 for RDX/MWCNT/Al/CuO and pure RDX 

respectively. It is obvious that the new colloidal nano-thermite has a dramatic influence on the 

thermal decomposition kinetics of the energetic filler. The Ea of the RDX colloid was reduced 

by 37.5% in comparison with the pure RDX. Yan et al proved that the addition of nanosized 

particles to the explosives accelerate their decomposition process in comparison with 

the micro-sized particles due to the large specific surface area (SSA) of the nano-

particles with larger active sites which increase the reactivity of the explosives and 

decrease their decomposition peak temperature[19]. In case of RDX/MWCNT/Al/CuO, 

the decomposition reaction is complex and nonlinear in comparison with the pure RDX. 

It was stated the decomposition mechanism of RDX depends on the grain formation, 

nucleation and growth of reactive sites[52]. The addition of nano-materials could change 

the decomposition mechanism of the RDX, causing the modification of the gaseous 



products with different percentages. In addition, the used MWCNTs have high 

conductivity heat, which caused the enhancement of the conduction heat on the surface of the 

colloid and could decrease the decomposition temperature. Also the large SSA of MWCNTs 

could absorb some of the reductive gaseous products and prevent their getting-away from the 

surface. So, the reaction was continued in the condensed phase and resulted in the 

improvement of the catalytic effect. 

Table 2. Kinetic parameters of RDX/MWCNT/Al/CuO and RDX by modified isoconversional KAS 

method 

α reacted 

RDX/MWCNT/Al/CuO RDX 

Ea 

kJ.mol-1 

Log A 

s-1 
R2 

Ea 

kJ.mol-1 

Log A 

s-1 
R2 

0.05 150.4 20.1 0.9593 186.2 21.0 0.9635 

0.10 132.1 17.4 0.9848 184.0 20.7 0.9765 

0.15 131.3 17.1 0.9911 182.9 20.6 0.9865 

0.20 130.0 16.7 0.9608 181.8 20.4 0.9828 

0.25 131.3 16.7 0.9994 172.4 19.3 0.9817 

0.30 129.0 16.2 0.9846 171.7 19.1 0.9828 

0.35 122.0 15.3 0.9951 173.4 19.3 0.9828 

0.40 115.0 14.4 0.9889 174.5 19.3 0.9850 

0.45 109.1 13.6 0.9894 174.4 19.3 0.9882 

0.50 115.9 14.3 0.9892 172.5 19.0 0.9852 

0.55 107.4 13.3 0.9910 178.8 19.6 0.9917 

0.60 107.7 13.3 0.9911 182.4 20.0 0.9932 

0.65 107.3 13.2 0.9911 188.9 20.6 0.9958 

0.70 107.5 13.1 0.9929 189.2 20.6 0.9973 

0.75 108.3 13.2 0.9929 189.6 20.6 0.9973 

0.80 109.8 13.3 0.9935 190.9 20.7 0.9990 

0.85 105.0 12.7 0.9980 189.4 20.6 0.9987 

0.90 105.3 12.7 0.9980 190.0 20.6 0.9987 

Mean value 113.5±2.9 14.1±0.42 181.6±2.5 20.1±0.22 

 

 

 



3.2.3 Influence of the conversion extend on the kinetic parameters 

In figure 9, the dependence of the reaction conversion (on the temperature of 

RDX/MWCNT/Al/CuO and RDX at the studied heating rates are presented. The curves of 

RDX/MWCNT/Al/CuO look similar to the pure RDX in the extent of conversion with a slight 

shift related to the temperature. This observation confirms the already mentioned role that the 

presence the nano-thermite has not negative effect on the stability of RDX. 

 

  

a RDX/MWCNT/Al/CuO b RDX 

Fig. 9 The α-T curves  for the studied samples at 3, 5, 7 and 10 heating rate  

 

A dependence of activation energies of RDX/MWCNT/Al/CuO and RDX on the conversion 

extent are presented in Fig. 10.  The activation energy of RDX seems to be constant until 

extent of conversion of 0.55, then it starts to increase slightly by approximately 10 kJ mol-1. 

While the RDX/MWCNT/Al/CuO activation energy decreased along with the extent of 

conversion of 0.55 then started to be on the same value. As mentioned, decreasing the particle 

size leads to increasing both the specific surface area and the number of surface atoms of the 

particles which caused strong molecular vibrations of RDX molecules on the surface and 

increase the molecular energy. It was mentioned that the addition of nanoscale metals or 

metal oxides, accelerates the decomposition of some explosives due to the improvement of 

the molecular energy level [52, 53]. In this study, the RDX molecules on the crystal surface 

have high energy levels resulted in decreasing the decomposition temperature. Also it was 

stated by Joseph et al that the presence of nanoscale metal might promote the decomposition 

of HMX explosive as a result of the physical adsorption applied by the nano-scale metal and 

the formation of hotspots [54]. This explanation might be suitable to explain the results of 

RDX (nitramine explosive such as HMX) integrated with MWCNT/Al/CuO arrays. The 

improvement of the thermal conductivity is due to the presence of nano MWCNT with 



metal/metal oxide resulted in more pyrolysis products which activated the molecules and 

promoted the RDX decomposition, as a result the activation energy was decreased.  

  

Fig. 10: Dependence of activation energies of RDX/MWCNT/Al/CuO and RDX on the conversion 

extend by modified KAS method. 

Conclusion 

The field of nanoscale thermite reactions is a promising new field of research especially with 

the energetic materials. The MWCNTs was successfully catalysed with pre-treated surface in 

two main stages. The CuO was well metalized the catalysed MWCNTs and achieved good 

dispersion of with Al and RDX. The used TEM clearly displays the dispersed thermite in the 

catalysed MWCNTs. Regarding to the thermogravimetric analysis (TG), it was concluded that 

the addition of nano-thermite to RDX have the same decomposition as the pure RDX. 

However, the kinetics of decomposition of nano-thermite composite was changed and 

decreased the activation energy. The activation energy of the nano-thermite is 135 kJ mol-1 

and is lower than the RDX (181.6 kJ.mol-1). The activation energy of the studied nano-

thermite composite, decreased along with the extent of conversion of 0.55 then started to be 

on the same value till the end of decomposition. The thermal stability considered constant 

after the addition of the nano-thermite to the composite. The nano-thermite composite seems 

to enhance the performance due to presence of the Alex and CuO with high stability after 

their addition to the RDX and could be used for practical military and civilian applications. 
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