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Abstract- Magnesium aluminate(MgAl2O4) powder 

sample was successfully prepared by co-

precipitation method. The structural properties of 

the prepared material was investigated by X-ray 

diffraction (XRD) and Fourier transform infrared 

spectroscopy (FTIR). XRD study shows that the 

sample has the spinel structure and crystallite size 

of the prepared sample was 6.2 nm. FTIR spectrum 

explained the vibrational stretching frequencies of 

the material. Results of transmission electron 

microscopy with electron diffraction (TEM-ED) 

corroborates with XRD analysis. The morphology of 

the film and elemental composition of the sample 

was studied by using scanning electron microscopy 

with energy dispersive X-ray analysis (SEM-EDAX) 

and the result shows the prepared film contain 

highly porous structure. 

 

Indexed Terms- Magnesium aluminate, XRD, FT-

IR, SEM, TEM 

 

I. INTRODUCTION 

 

The environment contains a mixture of synthetically 

produced chemical components, toxic and explosive 

gases.Monitoring is needed so that effective measures 

can be taken to control and minimize the emission of 

hazardous gases to keep the environment safe and 

clean. At present, there are large number of gas 

detecting systems that have been used in process, for 

high performance gas sensors with high sensitivity 

and selectivity [1, 2]. Semiconductor gas sensor is 

chemiresistive type gas sensor. Chemiresistive gas 

sensors are based on SnO2, TiO2, WO3, NiO, ZnO, 

Al2O3, CuO, In2O3, Cr2O3, etc. metal oxide material. 

 

These materials can be utilized to detect combustible, 

reducing, or oxidizing gases with sensors which are 

based on the resistance change responses to the target 

gases [3]. The SMO sensor detecting harmful gases 

like CO, H2S, H2, NOx and hydrocarbons (propane, 

butane etc.) low concentration level because of their 

high sensitivity, robustness and simple signal 

processing. Nanocrystalline structured gas sensing 

materials have been developed to enhance the 

sensitivity of a SMO sensor. The magnesium 

aluminate spinel possesses the properties such as high 

resistance to chemical attack, good mechanical 

strength from room temperature to high temperatures, 

low dielectric constant, excellent optical properties, 

low thermal expansion and good catalytic properties  

[4-8]. 

Moreover, there are different methods available to 

achieve nanocrystalline metal oxides with small 

particle size, such as combustion, hydrothermal route 

[9-13], citrated sol-gel method, Sono-chemical 

method, microwave heating, polymer solution route, 

solid state reaction method [14], co-precipitation 

[15,16] and self-heat sustained technique.  

 

Among these methods, co-precipitation method is 

very easy and low cost method, which is operated at 

low temperature. Moreover, considering the 

importance of MgAl2O4 in various applications, it 

was decided to study magnesium aluminate prepared 

by co-precipitation method and to evaluate their 

structural properties. 

 

II. EXPERIMENTAL 

 

Magnesium aluminate (MgAl2O4) has been prepared 

by co-precipitation route.  High purity precursors 

were used for the synthesis of the powder. As a result 

no further refinement was needed. Aluminum nitrate 

[Al(NO3)3.9H2O], magnesium nitrate 

[Mg(NO3)2.6H2O] and ammonia solution (25 wt. %)  

Sd fine GR grade chemical are used for the synthesis 

of nanoparticles. 

In the beginning, the stoichiometric molar amounts of 

analytically pure [Al(NO3)3.9H2O] and  
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[Mg(NO3)2.6H2O] were weighed and dissolved in 

distilled water and subsequently stirred at 80oC for 2 

h to obtain a homogeneous and stable solution. Then 

aqueous ammonia (25 wt. %) was added drop wise at 

room temperature in the resulting liquid mixture 

under vigorous stirring till pH becomes 9. Here ratio 

of Mg/Al is 1:2. The collected precipitates 

comprising of hydroxides of metal ions and some 

water contents [17]. This precipitate was filtered-

washed with ethanol and distilled water for number 

of times to remove excess of ammonia. In second 

stage, resulting precipitate was dried in oven for 22 h 

at 110oC to evaporate the water content. Calcination 

was done at 800oC for 4 h in furnace to obtain 

MgAl2O4. Taken solid phase sample wasgrinded in a 

mortar to make it powder. 

 

The synthesized powder and a solution of ethyl 

cellulose (a temporary binder) were mixed together 

with butylcellulose, butyl carbitol acetate and 

turpineol in order to obtain the paste. Pastes 

incorporating mass percentage ratio of80:20, with 

MgAl2O4 and the binder respectively were ground in 

an agate pestle and mortar with for 1 h. This paste 

was screen printed onto glass substrate surface in 

desired patterns. This thick film was allowed to dry 

for 24 h at room temperature and heat treatment was 

given to the film at 500°C for 1 h. 

 

III. RESULT AND DISCUSSIONS 

 

3.1 XRD Analysis  

Figure 1 depicts the XRD pattern of MgAl2O4 powder 

prepared by co-precipitation method. XRD pattern 

shows the spinel structure in accordance with JCPDS 

card. No other phases were detected in the calcinated 

sample. For MgAl2O4, the characteristic peaks for 

spinel structure were broad with maximum at 18.71, 

30.89, 36.37, 44.51, 59.02, 64.99,77.05 and 82.41 

which can be indexed as (1 1 1), (2 2 0), (3 1 1), (4 0 

0), (5 1 1), (4 4 0), (5 3 3) and (4 4 4) diffraction 

planes, respectively. The crystallite size has been 

calculated from the XRD peaksusing Debye-Scherrer 

formula. Further, the lattice parameter of the prepared 

powder was calculated from the XRD peaks by 

indexing corresponding peaks in a cubic space group 

Fd-3m, using least square refinement. The XRD 

pattern show the formation of crystalline cubic 

structure. 

 

 
Figure1: X-ray diffraction pattern of MgAl2O4 

powder calcinated at 800oC. 

 

3.2 FT- IR Analysis 

Figure 2 shows the FT-IR spectrum of the MgAl2O4 

nanoparticle. The peak position at 3457.05 cm-1 was 

attributed to the O-H stretching vibration and 

1642.67 cm-1 which is due to the moisture adsorbed 

by the product [18-22]. FromFigure 2, it can be 

observed that the peak at 1518.25 cm-1 was attributed 

to Al-O stretching vibration [23]. The splitting of the 

high frequency band may be explained by the 

statement that a certain number of Al3+ ions occupy 

the tetrahedral site in the spinel structure [24]. The 

sample measurement of spectrum shows the bands 

which are in almost good conformity with ideal 

values of single crystals. The changes in the observed 

values are due to the formation of nanophase. The 

bands appeared at 527.98 assigned to the spinel 

formation of MgAl2O4.  

 

 
Figure 2: FT-IR spectrum of MgAl2O4 powder 

calcinated at 800oC. 
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3.3 SEM Analysis 

The surface morphology of thick film was analyzed 

by using scanning electron microscope (SEM). SEM 

image of MgAl2O4 thick film is shown in Figure 3. 

SEM image show a few particles are in the range 24-

26 nm and some agglomerates are formed. The 

microstructure shows the homogeneous distribution 

of the particles in the sample. The film contains 

highly porous structure which has a large portion of 

atoms residing at surfaces and interfaces between the 

pores.  

 

 
Figure 3: SEM image of nanocrystalline MgAl2O4 

 

3.4 EDAX 

Figure 4 shows the EDAX spectrum ofMgAl2O4thick 

film. The elemental analysis as obtained from EDAX 

is in close agreement with the starting composition 

used for the synthesis. Spectrum reveals presence of 

Mg, Al, and O elements.  

 
Figure 4: EDAX spectrum of MgAl2O4 

 

3.5 TEM 

Morphology of MgAl2O4was characterized with 

Transmission Electron Microscopy (TEM). TEM 

image of MgAl2O4 powderannealed at 800oC is 

shown in Figure 5. Figure exhibits the local 

distribution of the crystallite size can be revealed. 

The average crystallite size calculated from the XRD 

data agrees with the TEM results. The small amount 

of agglomerations is observed in the micrograph. 

 
Figure 5: TEM photograph of MgAl2O4. 

 

3.6 SAED 

The selected area electron diffraction (SAED) pattern 

is presented in Figure 6. From figure 6, it can be seen 

that there is presence of continuous rings which 

deduced that the orientation of the crystallites is 

random within the field of view. It is observed that 

the spottype pattern which is indicative of the 

presence of single crystallite particles and no 

evidence was found for more than onepattern, 

suggesting the single-phase nature of the material. 

 
Figure 6: Selected area diffraction pattern of 

MgAl2O4 powder. 

 

CONCLUSION 

 

In the present study, MgAl2O4 powder sample was 

successfully prepared using less expensive, 

environment-friendly and low temperature co-

precipitation route. XRD pattern reveals the 

formation of nanocrystalline cubic structure of 

prepared sample. The crystallite size is 6.2 nm. FT-IR 
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spectrum explained the vibrational stretching 

frequencies of the material. The decrease in intensity 

of the absorption band in FT-IR spectra suggested the 

occupation of ions at the octahedral B site. By using 

scanning electron microscopy with energy dispersive 

X-ray analysis (SEM-EDAX), the surface 

morphology and elemental composition of the sample 

was characterized. The average crystallite size of 

sample estimated from XRD analysis concurs with 

TEM investigation.  
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