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Abstract:  

Nano metal oxide (NiZnO2) was synthesis by 

chemical co-precipitation method. Nano metal oxide 

was characterized by X-ray diffraction (XRD) and 

scanning electron microscopy (SEM). The Nano-

mixed metal oxide use as catalyst for the thermal 

decomposition of ammonium perchlorate. The study 
of catalytic activity of Nano metal oxide was on the 

thermal decomposition of ammonium perchlorate 

using Thermogravimetic analysis (TGA), Differential 

Scanning Calorimetric (DSC). Activation energy of 

high temperature decomposition (HTD) of with Nano 

metal oxide was calculating using DSC by Kissinger 

equation. The catalytic activity of Nano metal oxide 

much sensitive and may be effective to get better the 

decomposition efficiency of Ammonium Perchlorate. 
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1. Introduction 

Metal oxide nanoparticles can show only one of 

its kind physico-chemical properties which are due to 

their nanometer size and high density of cover or 

edge surface sites. Nano size oxide particles are fast 
growing technical importance in classic areas of 

application [1], such like catalysts, passive electronic 

components or ceramic materials. Metal oxide 

nanoparticles are as well used in manufacture of 

microelectronic circuits, sensors, fuel cells, industrial 

applications as catalysts and pigments. As additives, 

they take part in a significant role in the alteration for 

selective surface of different substrates in the form of 

coatings [2, 3, and 4]. 

The chemical reactivity of the surface site of 

oxide nanoparticles is an extremely vital subject for 

applications in catalysis [5–7]. A purpose in the up-
and-coming field of nanotechnology is to create 

nanostructures with a very vast surface area [8–10]. 

In a nano oxide, the ratio of surface atoms to non-

surface atoms is generally a lot larger than in a bulk 

material and surface kind display local geometry 

opposed from the bulk and strongly affecting 

chemical reactivity [11]. 

 

 

 

Composite solid rocket propellants are the main 

origin of chemical energy in space vehicles and 

missiles. Ammonium perchlorate (AP) is extensively 

used as an oxidizer in composite solid propellants 

[12-16]. It is commonly note that since catalytic 
activity is mainly a surface occurrence; the size 

reduction of the catalysts enhances their catalytic 

activity [17]. The ballistics of a composite propellant 

can be better by addition a catalyst such as copper 

oxide (CuO), ferric oxide (Fe2O3), nickel oxide 

(NiO), copper chromite (CuO.Cr2O3), etc, which 

accelerates the rate of decomposition of AP [12-16]. 

Current studies have shown that without any 

agglomeration of transition metal oxides 

nanoparticles can increase the burning rate [18]. The 

capability of catalytic action increases harshly in 

nanometer size oxide particles than micro scale oxide 
particles [19]. The size distribution, morphology and 

nanostructure of particles are extremely significant 

uniqueness and do have an effect on the kinetics of 

decomposition of ammonium perchlorate. 

In this article, NiZnO2 nano metal oxide (NMO) 

is prepared by a co-precipitation method [20]. The 

size of the nanoparticles was measured by X-ray 

diffraction (XRD) and SEM. The catalytic result of 

NMO on the thermal decomposition of AP was 

investigating and found to be a superior catalyst for 

the AP-based composite solid rocket propellants 
[21]. In the DSC studies at different heating rate, the 

mechanism of reaction will not be different for the 

reason that the reaction rate is just dependent on the 

temperature mechanism and is independent from the 

heating rate of the sample [22]. 

2. Material and Method 

Without further purification AP (Qualigens) was 
used. Crystals of AP were ground into fine powder 

using a pestle and mortar and sieved to 100-200 

mesh. Zn (NO3)2.6H2O (Merck), Ni (NO3)2.6H2O 

(Merck), NaOH (Merck) were used as received. 

2.1. Synthesis of Nano metal oxide 

The Nano metal oxide was synthesized by 

chemical co-precipitation method as reported earlier 

[20]. Aqueous solution of mixture of 0.1 M metal 

nitrate of M+2 and 0.2 M of Zn+2 nitrate was 
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dissolved in 100 ml distilled water in drop wise 

adding of 2M NaOH with vigorous stirring. Get 

precipitation of metal hydroxides at pH 11-12 then 

washed with distilled water to formulate them free 

from nitrate ions and dried brown metal hydroxide at 

600C in hot air oven for 5 hours and calcined at 

3000C for 5 hours. 

2.2. Characterization 

Characterization of NMO has done using 

powder XRD and SEM techniques (JEOL; JSM-
6510 LV). X-ray diffraction (XRD) measurement 

were carry out on the NMO by an X-ray 

diffractometer (Rigaku; miniflex 600) using CuKα 

radiation (λ = 1.5418). The diffraction pattern is 

shown in Figure. 1. Calculate particle size was 

applying Scherrer’s equation [23]. SEM images are 

shown in the figure 2. 

2.3. Thermal Analysis (TGA-DSC) 

Thermal ananlysis TGA and DSC graph 

recorded on the Perkin Elmer STA_8000. TGA 

(Figure 3) of pure AP, and AP with Nano metal 

oxide, (by mixing in ratio of 99:1) were recorded on 

the samples (~ 10 mg) in nitrogen atmosphere 
(200ml/min) at a heating rate 100C min-1 by platinum 

crucible with pierced lid.   

 In the DSC (Figure 3) of AP, and AP with 

Nano metal oxide, (by mixing in ratio of 99:1) were 

measurements on the samples (~ 10 mg) using Perkin 

Elmer (Pyris Diamond) in nitrogen atmosphere 

(200ml/min) at a heating rate 100C min-1 by platinum 

crucible with pierced lid. In this DSC process 

experiments had completed in 3 heating rate β1=5, 

β2=10, β3=15 degree per minute. In dependent to 

model free calculation of activation energy done by 
following Kissinger equation [24]: 

 

 
                                                                                 (1) 

On differentiation 

 

 
                                                                                 (2) 

Where, β heating rate, E activation energy, R gas 

constant and T specific temperature respectively. A 

plot graph of ln(β /T2) against 1/T yields an 
estimated straight line with a slope of -E/R. 

3. Result and discussion 

The XRD pattern (Fig 1) of NiZnO2 particles has 

sharp peaks which confirm their crystalline nature 

which is consistence with the literatures [25]. The 

SEM image (Figure 1), the particle size was 

considered via Scherer’s equation [23]. Particle size 

35.9 nm was obtained for NiZnO2; Sizes of these 

very small particles shows beyond doubt that these 

prepared Nano metal oxide is in the nano scale range. 

SEM images of Nano metal oxide are shown in 

Figure 2. 

 

The thermal analysis TGA thermo-gram for AP 

(Figure 3) obtains the two steps [26-28]. Heating on 

AP the first 25% its mass loses at around 310oC, 

which is low temperature decomposition (LTD). 

Further than this temperature a plateau is observed 

and 80% mass loses of AP at around 395oC, that is 

high temperature decomposition (HTD) (Table 2). It 
can be seen from TGA thermal graph of AP with 

Nano metal oxide (Figure 3) that the nano catalysts 

affect equally LTD and HTD of AP. In thermal 

analysis of AP+ nano metal oxide mixture is higher 

percentage mass loss observed in the compare with 

pure AP. Gasification of AP in presence of nano 

catalysts in HTD not only begin early, but also 

complete at lower temperatures. 
 

 

 

 

 

 
Table 1. DSC result of the AP and AP + NMO 
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Figure 1.  XRD graph of NiZnO2 nanoparticle 

 

Figure 2.  SEM image of NiZnO2 nanoparticle 
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AP and AP+ Nano metal oxide 

Sample 
Peak 

(Temp 0C) 
Nature 

AP 
310 Exo 

395 Exo 

AP +NiZnO2 306 Exo 

Figure 3 was DSC graph of pure AP shown three 
major events. The endothermic peak at 244oC for AP 

corresponds to the transition from orthorhombic to 

cubic [29]. The thermal decomposition on AP take 

places in two steps as shown in TGA thermal- gram 

of AP in the Figure 3, the first exothermic peak 

corresponds to LTD process and configuration of 

intermediate product takes place. The second major 
exothermic peak of AP around higher temperature 

(3950C) corresponds to HTD process, complete 

decomposition of the intermediate products into 

volatile products [27] obtains. The DSC of AP with 

nano metal oxide observed a clear change in the 

decomposition pattern (Table 1).  

The endothermic peak shows no change in 

position. In difference, there is small variation in first 
exothermic peak and large variation in the position of 

second exothermic peak. HTD process for pure AP 

was shown on lower temperature for AP with Nano 

metal oxide indicating the affect of the nano catalyst. 

3.1. Kinetics 

The activation energy for HTD of pure AP, AP 

with Nano metal oxide, in continuous heating was 

calculated by using Kissinger equation. A plot graph 

of ln (β/T2
max) vs. 1/T (Figure 4) yields an estimated 

straight line with a slope of -E/R.  Calculated 

activation energy of pure AP, AP with Nano-oxide 

on HTD has been given in the Table 2 which 

noticeably observed the lowing in activation energy 
for AP in adding or present of Nano metal oxide. 

Remarkable lowering has been found in presence of 

nano metal oxide. 

 
Table 2.  Activation energy of HTD of the AP and AP + 

NMO 

Activation energy of AP and AP + NMO 

Sample Activation energy (E) (kJ/mol) 

AP 276.230 
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Figure 3.  TGA-DSC thermo-gram of AP and 

AP+NMO 

 
Figure 4.  Plot graph ln(β/T2

max) vs. 1/T for AP and 

AP+ NMO 
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AP+NiZnO2 168.140 

 

Nano metal oxides used as additives in AP 

enhances the rate, of N–H bond heterolysis in NH4
+ 

and, O–H bond produce in HClO4. In the 

decomposition reactions of energetic materials 

frequently involve both bond-breaking and bond-

forming steps. About 1000 of reactions may be 

occupied in the decomposition and combustion of 

AP [21, 29, 30, 31], for the reason that of the four 
constituents and the full range of oxidation states 

utilized by nitrogen and chlorine. N–H bond was 

breaking of then proton transfer from NH4
+ to ClO4

− 

to form an O–H bond leads to the formation of NH3 

and HClO4 is a primary step in condense phases [32]. 

At the same time a sequence of reaction occurs to 

form gaseous NH3 and HClO4. N2O, O2, Cl2, H2O, 

and little amount of NO are produce. The second 

decomposition step of AP is gas phase reaction and 

produce are NO, O2, Cl2, and H2O.  

 

NH4
+

+ Cl4
- NH3-H-ClO4 NH3-HClO4

NH3 (a) + HClO4 (a)NH3 (g) + HClO4 (g)

(I)

(II)(III)

 
Higher temperature the secondary reactions 

happen at during complex competitive steps to 

produce gaseous products. From the beyond declared 
study we can conclude this Nano metal oxide is 

enhanced catalytic activity for thermal 

decomposition of AP, these nano catalysts can be 

used in the formation of AP-HTPB composite solid 

rocket propellants for good result. 

It is recognized that the Nano metal oxides have 

large surface area due to their very small size; there 

are many reactive sites over the surface. Thus during 

the second exothermic decomposition of AP, NMO 

can absorb the gaseous reactive molecules on their 

surface and support the reactions. 

Many researches AP combustion mechanism has 
been investigation in many works and the most 

important role of the condensed phase reactions at 

pressures to 10–14MPa is postulate. In the condensed 

phase more than 70% AP must decompose [33-35]. 

The remain portion partially dissociates into gaseous 

perchloric acid and ammonia in the heat transferred 

reverse from the gas and partially is passed away 

from the surface to the high-temperature gas region 

with gases formed and undertakes there 

decomposition & dissociation. Perchloric acid 

decomposition reaction and AP primary 
decomposition are occur in the liquid state [33-35] 

and support the confirmation for the before stated 

assumption on the most important function of 

chemical processes in thin liquid surface layer on the 

burning surface of AP [31, 33-35]. 

4. Conclusion 

Nano metal oxide (NiZnO2) was synthesized 

through chemical co-precipitation method and 

characterized by X-ray diffraction (XRD) and 
Scanning electron microscope (SEM). This Nano 

metal oxide shows good catalytic effect on the 

thermal decomposition of AP using TGA, DSC 

investigation. The catalytic activity of nano metal 

oxide is a lot sensitive to oxygen and may be 

effectual to get better the decomposition 

effectiveness of AP and AP based propellants. 
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