
IJSRSET184480 | Received : 10 Jan 2018 | Accepted : 28 Jan 2018 | January-February-2018 [(4) 6 : 294-305 ] 

© 2018 IJSRSET | Volume 4 | Issue 6 | Print ISSN: 2395-1990 | Online ISSN : 2394-4099 

Themed Section : Science and Technology 

 
294 

Thermal Evolution of Magnesium Aluminate Spinel 

Nanoparticles Prepared By Coprecipitation Technique 
Dr. Shyam Sunder* and Dr. Wazir Singh 

Department of Applied Science & Humanities, Ch. Devi Lal State Institute of Engineering & Technology 

Panniwala Mota, Sirsa, India 

*Corresponding author: shyampph@yahoo.com               

 

ABSTRACT 

 

MgAl2O4 spinel nanoparticles were prepared by coprecipitation method and followed by thermal heating at 

temperatures 550°C, 700°C, 850°C and 1000°C for 4 hours, in air. The samples were structurally characterized 

by TGA-TGT, XRD, FTIR and SEM with EDS. The effects of heat treatment on the structural properties of 

MgAl2O4 nanoparticles were investigated. The double hydroxide of magnesium and aluminium powders 

transformed from the amorphous phase, via intermediate cubic oxide (γ-Al2O4, a rock salt type structure) 

disordered phase, into face-centred cubic MgAl2O4 spinel nanoparticles. In a low calcination temperature range 

700-850°C for 4h, MgAl2O4 face-centred cubic disordered spinel nanoparticles with grain size ~ 6 nm is 

obtained. At 1000°C (4h), disorder-order phase transformation results in a sudden increase in the lattice 

increased constant. Single phase MgAl2O4 cubic ordered-spinel nanoparticles (grain size ~ 12 nm) with a good 

chemical homogeneity, narrow particle size distribution are obtained. It is also shown that heat treatment 

enhances the crystallinity and transmission of the spinel; and also controls dislocation density and amount of 

stress at the surface and hence yields the strength of the material. Results of FTIR and SEM support XRD studies. 

The realization of temperature dependent structural properties makes the applicability of the MgAl2O4 

nanocrystalline powders more versatile. 

Keywords : Magnesium Aluminate, Nanoparticle, Coprecipitation, Structure Characterization 

 

I. INTRODUCTION 

 

Magnesium aluminate (MgAl2O4) spinel, as one of the 

important ceramic materials, finds wide applications 

in metallurgical, chemical and electrical industries 

because it possess unique combination of desirable 

properties such as high melting point (2135°C), good 

mechanical strength at room and elevated 

temperatures, high chemical inertness and good shock 

resistance [1-2]. Magnesium aluminate ceramic have 

been used as: refractory in heavy industry, substrate 

for solid-state electronic devices, ceramic ultra-

filtration membranes and fibre-optic temperature 

sensors etc. [3-7]. For many of its applications, in 

particular as catalyst support and catalysts by itself, a 

high surface area, small crystalline size and special 

active sites are greatly desired [8] MgAl2O4 spinel 

nanoparticles more or less fulfil the aforesaid 

demands. MgAl2O4 is a mixed oxide and its physical 

properties range between those of MgO and AlO. 

Physical properties of nanometric magnesium 

aluminate spinels are strongly dependent on the 

method of preparation and experimental conditions 

[9-10]. In order to synthesize MgAl2O4 spinel 

nanoparticles with high purity, chemical 

homogeneity, fine particle size, narrow particle size 
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distribution, and less particle agglomeration with high 

sinter activity several methods have been used and 

each method has its own advantages and limitations 

[11]. Ball milling method introduces impurity in the 

spinel nanoparticles which restrict further 

implementation of the product [12]. MgAl2O4 spinel 

nanoparticles were obtained at high temperatures 

1200°C by using freezing drying and heterogeneous 

wet chemical sol–gel techniques [13-14]. Spinel 

powders synthesized by solgel of metal alkoxides are 

usually characterized by high reactivity and less 

agglomeration. However, metal alkoxides are 

expensive and most of the solvents for them are toxic. 

Besides, special measures are required during 

manipulating alkoxide materials due to their high 

sensitivity to the moisture in air. Recently, nanosized  

MgAl2O4 spinel powders were synthesized by other 

wet chemical methods like nitrate citrate auto-

ignition [15], solgel-citrate method and followed by a 

heat treatment in a continuous air and argon flow 

(40ml/min) [16], coprecipitation method in presence 

of ZnO or MnO as additives [17] and 8-

hydroxyquinoline (HQ) and tetraethyl ammonium 

hydroxide (TEAOH) as organic precipitating agents 

[7]. Amongst them, the coprecipitation method is a 

cost effective technique and suitable for the mass 

production of homogenous, fine and reproducible 

nanocrystallites with narrow size distribution at 

relatively low reaction temperature [7]. In addition, 

sinterability of a coprecipitation derived oxide 

powder has close relationship with the properties of 

its precursor. In these studies, a phase transformation 

in MgAl2O4 spinel has not investigated. 

 

 In this work, MgAl2O4 cubic spinel nanoparticles 

have been synthesized by co-precipitation method 

and followed by thermal treatment at different 

temperatures 550°C, 700°C, 850°C and 1000°C for 4h 

in air. Effects of heat treatment on structural 

evolution, lattice constant micro-strain and grain size 

of magnesium aluminate powders have discussed in 

detail. The as-prepared powders were amorphous and 

upon heating at 500°C (4h) decomposed into 

intermediate products γ-Al2O3 (a rock salt type 

structure) and MgO, in which γ-Al2O3 contains both 

tetrahedral and octahedral aluminium with incipient 

spinel. We have explored a possibility of thermal 

induced rock salt-to-spinel structural (disorder-order) 

phase transformation in magnesium aluminate 

nanoparticles prepared by coprecipitation method. It 

is found that degree of order phase in MgAl2O4 spinel 

nanoparticles increases with increasing calcination 

temperature. A well formed MgAl2O4 cubic ordered-

spinel nanoparticles (grain size ~12 nm) with a good 

crystallinity, chemical homogeneity, densification, 

and narrow particle size distribution have been 

obtained at calcination temperature 1000°C for 4 

hours.  

 

II. EXPERIMENTAL 

 

Mg(NO3)2·6H2O (99.99% purity Sigma Aldrich ACS 

grade), Al(NO3)3·9H2O (99.99% purity Sigma Aldrich 

ACS grade) and ammonia solution (Sigma Aldrich,  

28%, ACS grade) were used as reagents. A 0.2 M 

solution of the nitrates was prepared, with Mg:Al 

(molar ratio) = 1:2. The precursor was prepared by 

slowly adding the mixed salt solution into the 

ammonia solution under rigours stirring, pH was 

maintained around 8-9 and reaction temperature was 

maintained at 60°C. The precursor were washed with 

an excess of double distilled water, and dried for 24 

hrs at 100°C in an oven. The solid so-obtained was 

grinded in agate mortar pestle. Furthermore, 

powdered samples were calcined at different 

temperatures 550°C, 700°C, 850°C and 1000°C in 

presence of air. In all calcination schedules, heating 

rate was 10°C min−1 and incubation time was 4 hours.  

Thermo Gravimetric and Differential Thermo 

Gravimetric Analysis (TGA-DTG) were carried out in 

Mettler Toledo equipment, model TGA/SDTA851e. 

Powdered sample was heated from room temperature 

up to 1000°C in air flow with a 10°C min−1. X-ray 

diffraction experiments were performed at room 

temperature in a Rigaku Miniflex-II instrument using 

CuKα radiation (λ = 1.5406 Å), generated at 30 kV 

and a current of 15 mA. The morphology and 

microstructure of the powders was studied by 
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scanning electronic microscope (SEM), with a Nova 

NanoLab 200 FEG-SEM/FIB, equipped with EDS. 

 

III. RESULTS AND DISCUSSION 

 

3.1 TGA/DTG 

 

The reaction pathways in the formation of 

magnesium aluminate are determined with the 

thermal analysis. TGA-DTG curves of the powdered 

sample are shown in Figure 1. The TG curve shows a 

major weight loss of the sample at four different 

temperatures range 35-170°C, 171-270°C and 271-

500°C and 501-800°C.  

 
Fig. 1.  The TGA-DTG curves of the magnesium 

aluminate powder. 

 

Between temperatures 35-170°C (first stage), the 

weight loss is 8.0% corresponding to loss of free water 

molecules. Over a temperature range 171-250°C 

(second stage), the weight loss is nearly 11% and this 

weight loss could be due to decomposition of 

precursors. In DTG curve, a strong peak around 

temperature 220°C is evident and it could be due to 

decomposition of double hydroxide of magnesium 

and aluminium [18]. Between the temperatures range 

271-500°C (third stage); the rate of weight loss is 

almost constant, indicating an intermediate structure 

is formed. Over a temperature range 501-800°C, the 

weight loss is very small implying no change in phase 

of the structure. Finally, between temperatures 801 

and 1000°C curves exhibit negligible weight loss in 

the sample, indicating a stable structure of the 

magnesium aluminium oxides is formed.  

 

3.2 XRD 

Diffraction pattern of the as-prepared and calcined 

samples is shown in Figure 2. Diffraction pattern of 

the as-prepared sample (a) depicts broad peaks around 

2θ~18.40° and 20.28° which could be the peaks of 

double hydroxide of magnesium and aluminium 

(JCPDS Card No. 35-1274). The formation of double 

hydroxide is important in coprecipitation method 

because upon heating double hydroxide decompose in 

a spinel structure product [17, 19].  

 

 
Fig. 2  XRD patterns of as-prepared and thermally 

treated samples of magnesium aluminate at different 

temperatures for 4h. 

 

XRD pattern of the sample calcined at 550°C shows  

the peaks of double hydroxide is vanished but four 

new broad peaks are appeared at 2θ ~ 19.02°, 36.86°, 

44.84°, 65.44° and these new peaks could be assigned 

peaks of γ -Al2O4 (JCPDS 77-0396), which is an 

intermediate phase of cubic spinel structure [20]. This 

result supports corresponding TGA/DTG data and also 

gives confidence that MgAl2O4 cubic spinel 

nanoparticles could be synthesized by the 

coprecipitation method and followed by calcination at 

moderate temperatures. When the sample was 

calcined at 700°C, an increase in the intensity of the 
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diffraction peaks at 2θ ~ 36.86°, 44.84°, 65.44° was 

observed. In addition, new broad peaks at 2θ~31.34° 

and 59.52° were also noticed. When calcination 

temperature was increased up to 850°C, the increase 

in the peaks height accompanied by sharpening in 

characteristics diffraction peaks (2θ ~ 19.02°, 31.34°, 

36.86°, 44.84°, 59.52°, 65.42°)  of spinel phase was 

observed.  

 

Table-1 

 
 

Diffraction  peaks are compared with the standard 

data of face centred cubic MgAl2O4 (JCPDS Card No. 

21-1152) and found in accordance with the 

diffraction peaks of the  standard data and the 

diffraction peaks  are indexed by Miller indices (111), 

(311), (400), (511), (400), respectively. This result 

suggests that interfacial interaction between a high 

reactive decomposed product γ-Al2O3 and MgO and 

their mixing at molecular level at temperature 700°C 

(4h), yields a spinel phase. Here, it is worth 

mentioning that the characteristics  peaks of MgAl2O4 

in samples (c) and (d) are slightly shifted toward 

higher value of Bragg’s angle, which imply:  (i) a 

decrease in lattice constant [21] and (ii) an increase in 

intrinsic nature of atomic thermal vibration in face 

centred cubic MgAl2O4 [22]. In order to get details of 

the structural and microstructure parameters of the 

prepared MgAl2O4 spinel nanoparticles, diffraction 

data are further examined. Effects of heat treatment 

on structure parameter of MgAl2O4 like lattice 

constant, spinel phase, crystallites size and 

microstrain and dislocation density have been 

discussed. In general, the lattice constant of 

crystalline material is obtained by inter planner 

distance and Miller indices.   

 

Fig. 3  Lattice constant versus Nelson-Riley function. 

 

In this work, lattice constant of MgAl2O4 crystallites 

is calculated by Nelson-Riley function, because this 

function eliminates the error in lattice constant due to 

sample displacement [23] Figure 3 displays lattice 

constant versus Nelson-Riley function. Value of 

lattice constant for different calcination temperatures 

is obtained from the intercept of the straight line and 

represented in Table-1. It is noticed that lattice 

constant of MgAl2O4 calcined powders is smaller than 

that of the bulk and this could be due to size effect 

[24].  Figure 4 exhibits a change in lattice constant 

(see Y-axis at Right hand) of MgAl2O4 spinel 

nanoparticles with increasing calcination temperature. 

Lattice constant shows a decreasing trend (8.0660 to 

8.0593 Å) from the calcination temperature 550°C to 

850°C for 4 hours. In general, tetrahedral and 

octahedral interstitial sites of spinel are not fully 

occupied by their respective divalent and trivalent 

cations and they enter into the interstitials sites as 

defective cations.  



International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com)  298 

 
Fig. 4  Crystallite size ( Left hand side-axis) and lattice 

constant (Right hand side-axis)  versus  calcination 

temperatures for 4 h. 

 

The divalent ions are generally larger than the 

trivalent ions where as tetrahedral sites are smaller 

than the octahedral sites. Therefore, it would be 

reasonable that the trivalent ions could go into the 

tetrahedral / octahedral sites or into both sites where 

as the divalent ions would prefer to go into the 

octahedral sites. It is expected that at low calcination 

temperature 550°C (4h), a fraction of  Mg2+ (average 

ionic radius ~ 0.78 Å) and Al3+ (average ionic radius ~ 

0.45 Å) cations occupy their respective sites and 

remaining cations Mg2+ and Al3+ occupy spinel 

interstitial sites as impurity cations. As the calcination 

temperature is  increased from 550°C  to 850°C,  

impurity cations (magnesium ions) migrate from 

octahedral to tetrahedral sites whereas another 

impurity cations (aluminium ions) migrate  from 

tetrahedral to octahedral sites. The cations 

distribution among the interstitial sites has competing 

effects because of a large difference between average 

ionic radius of Mg3+ and Al3+ cations. Al ions (being 

smaller than the Mg ions) migrate comparatively 

faster than the Mg ions. As the tetrahedral sites are of 

too small for the divalent ions so that the oxygen ions 

move slightly to accommodate them. The oxygen ions 

connected with the octahedral sites move in such a 

way as to shrink the size of the octahedral cell by the 

same amount as the tetrahedral site expands and as a 

result lattice constant decreases.  In addition, 

calcination temperature (550°C to 850°C for 4h) is not 

sufficient for migration of all Mg cations (impurity 

cations) from the octahedral sites to tetrahedral sites 

and therefore a few tetrahedral sites are remain  

unoccupied. The decreasing trend in lattice constant 

and an inequity distribution of cations among 

interstitials sites could be responsible mechanisms for 

disordering in MgAl2O4 spinel nanoparticles. 

Moreover, in these experimental conditions, a 

decrease in lattice constant hence lattice volume 

indicates that most of the atoms on the surface of 

disordered spinel and hence surface effects and lattice 

strain are obvious in such spinels. Simone et al 

observed a clear shift of the unit cell parameter on the 

irradiated samples MgAl2O4 [25]. Sikafus et al. 

reported chemically induced disorder in MgAl2O4 due 

to dispalacive transformation in which atoms move to 

forbidden sites [26]. In our studies, at relatively 

higher calcination temperature 1000°C (4h), the 

lattice constant is suddenly increased and is found to 

be 8.0669 Å. A sudden increase in lattice constant of 

MgAl2O4 spinel nanoparticles indicates a disorder-

order phase transition in MgAl2O4 [27].  In this 

experimental condition, there is sufficient energy 

which enables both the cations to migrate between 

the two interstitial sites and nearly an equilibrium 

cations distribution is expected. The migration of 

these cations between the interstitial sites continues 

unless its free energy attains a minimum value. 

Similar behaviour has been observed in MgFe2O4 [3, 

11, 28].  The present study provides a milder 

experimental condition than the ion beam irradiated 

treatment, the existence of disorder spinel structure 

has been observed in our calcined samples and this 

could be due to different ions size and temperature 

dependent distribution of defective ions among the 

interstitial sites. Further, a fraction of ordered phase 

in spinel MgAl2O4 nanoparticles has been estimated 

by comparing the peak intensity of (311) and (400) 

reflections by using the literature [29-30]: 
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Where IO = intensity of {311} plane (order phase); ID = 

IC,400 −IO,400 = intensity of disorder spinel phase in {400} 

plane; IC,400 = intensity of {400} plane having both 

order and disorder phase; and IO,400 = intensity of 

order phase in {400} plane. All the intensity values 

used in this calculation were absolute intensities (cps) 

after subtracting the background intensity. As 

expected, a low degree of ordered phase is found in 

the sample calcined at 550°C and 700°C (4h). When 

the sample was calcined at temperature 800°C and 

1000°C for 4h, an increase in relative intensity of odd 

reflections (311) is clearly evident in the XRD pattern 

this could be growth of a plane in preferred direction, 

while the relative intensity of even reflections (400) 

decreases because of lower intensity of (200) 

disordered reflections. The change in the 

representative peak intensity confirms disorder-order 

transition in MgAl2O4 spinel nanoparticles [30]. The 

estimated degree of order in the spinel nanoparticles 

is given in Table 1. The data clearly reveal that the 

degree of order in MgAl2O4 spinel nanoparticles 

increases when the samples were calcined in the 

temperature range of 700-1000°C. 

 
Fig. 5 Williamson-Hall (W-H) plot of calcined of 

MgAl2O4 spinel nanopowder 

To this end, effects of calcination temperature on 

grain size and micro-strain of MgAl2O4 spinel 

nanoparticles have also been investigated. The 

crystallite size and micro-strain produces peak 

broadening in the diffractogram. This could be due to 

the stresses and faults inside the prepared spinel 

nanoparticles. The crystallite size and the strain effect 

have to be differentiated in the diffractogram. Both 

effects are independent and can be distinguished by 

size-strain plot (W-H plot). Using W-H plot, size and 

micro-strain of the crystallite are estimated 

simultaneously. The W-H equation is: 

( ) ( )hkl

W H

hklhkl Sin
D

K
Cos 


 2+=             (2)                                                                                         

Where K is the shape factor, λ is the wavelength of X-

ray, θhkl is the Bragg angle, ε is the micro-strain and 

DW-H is average crystallite size measured in a direction 

perpendicular to the surface of the specimen. The 

graph is plotted between Sin(θhkl) and βhklCos(θhkl) as 

shown in Figure 5. The value of micro-strain is 

obtained from slope of the fitted line, whereas value 

of crystallite size is obtained from the intersection 

with the vertical axis. By fitting the data, the average 

crystallite size (DW-H) and micro-strain (ε) are 

estimated and given in Table 1. The grain size and 

micro-strain do not change significantly in the 

calcination temperature range 550°C to 850°,C for 4 

hour, however  at 1000°C (4h) a significant  increase 

in crystallite size and decrease in micro-strain is are 

found.  Crystallite size (see Y-axis at Left hand) versus 

calcination temperature is shown Figure 4. Growth of 

crystallite size with respect to calcination temperature 

is not linear and thus heat treatment could be divided 

in a low calcination temperature range and higher 

calcination temperature. In low calcination 

temperature range (550-850°C for 4h), disordered 

MgAl2O4 cubic spinel nanoparticles were obtained 

and the activation energy for the formation found this 

phase is found to be 1.2 kJ/mol.  The calcination at 

relatively higher temperature (1000°C) yielded 

ordered MgAl2O4 cubic spinel nanoparticles and the 

activation energy for formation of ordered phase is 

found to be 53 kJ/mol. A rapid increase in crystallite 

size could be due to coalesces of nanopraticles and 

grain boundary migration and is accompanied by 

higher activation energy [31]. Further, by knowledge 

of average crystallite size and an empirical relation
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2

1

XRDD
 , dislocation density of MgAl2O4 cubic 

spinel nanocrystallites is obtained and given in Table-

1. As calcination temperature is increased, the density 

of dislocation decreased as a result of less nucleation 

sites being available during crystallization upon 

heating, which in turn lead to the comparatively 

larger final crystallite size.  

 

3.3 FTIR 

 

FTIR Spectroscopy provides valuable information 

about the phase composition and bonding in the 

samples. The FTIR of (a), (b), (c) and (d) samples is 

shown in Figure 6 within the spectral range of 4000-

400 cm-1. FTIR spectrum of as-prepared sample shows 

three distinct strong absorption bands centered 

around 1333, 1636 and 3461 cm-1. The absorption 

band centred around 1333 cm-1 could be ascribed 

presence of nitrate groups [32]. The bands around 

3461 cm-1 and 1641 cm-1 and could be assigned as the 

stretching vibration of H-O-H molecule and the 

bending modes of H-O-H absorbed at surface of the 

product, respectively [33]. 

 

 
Fig. 6. FTIR spectra of as-prepared and thermally 

treated samples of magnesium aluminate at different 

temperatures for 4h. 

The stretching vibration of H-O-H molecules overlaps 

with surface hydroxyl group vibrations and as a result 

the stretching band broadens [34]. In FTIR 

spectroscopy, the bands over range of 1000-400 cm-1 

are assigned by metal oxygen bonds (M-O-M) [10]. 

Narrow bands noted around 669 and 554 cm-1 may be 

assigned as double hydroxide of magnesium and 

aluminium [35]. FTIR of Sample (b) shows two 

distinct signatures : (i) an evaporation of nitrate group 

which is manifested by elimination of the absorption 

band centred around 1333 cm-1 and this signature  

confirms  decomposition of nitrates; (ii) broadening in 

the double hydroxide band. When calcination 

temperature was increased up to 700°C and hold for 

4h, bands of double hydroxides almost disappeared 

but new weak bands appeared around ν1=725, ν2=690 

and ν3=505 cm-1, which could be assigned AlO4 group 

[36], AlO6 group and Mg-O stretching vibrations, 

respectively [28, 37].  This result supports XRD data 

and confirms the presence of some of Al3+ in both the 

tetrahedral and octahedral sites. The presence of Al 

cations (impurity/defects) in the tetrahedral sites 

leads to local structural disorder in MgAl2O4 spinel 

nanoparticles. As the calcination temperature was 

increased up to 850°C, the absorption band of AlO6 

and MgO become stronger and evaporation surface 

water molecules increases as well but absorption band 

of AlO4 diminishes. However, at relatively higher 

calcination temperature of 1000°C (4h), the 

appearance of the tetrahedral and octahedral sites 

band becomes sharper due to the minimization of 

lattice distortion and enhancement of crystallinity 

(reduction of surface effect). The increase in 

calcination temperature shifts the position of the ν1 

and ν2 bands, which might be attributed to the 

changes that occurred in the cation distribution (i.e. 

migration of cations from tetrahedral to octahedral 

sites and vice versa) and variations in the cation-

oxygen bond length for octahedral and tetrahedral 

complexes [35]. At calcination temperature 1000°C, 

the increase in frequency of ν1 band arise due to size 

effect and the decrease in frequency of ν2 may arise 

due to the repulsive dipolar interactions [38].  The 

FTIR results are in close agreement with XRD studies. 
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Here it is worth pointing out that even at higher 

calcination temperature 1000°C for 4 hours, some OH 

groups (3450 cm-1 and 1640 cm-1) remains in the 

structure. This small amount of water molecules 

could be due to the inter absorption during the 

compaction of powder specimen with KBr.  

3.4 SEM 

 

The surface morphology of the as-prepared and 

calcined samples was investigated by SEM equipped 

with EDS and shown in Figure 7a & 7b.  

 

 

1000 

Fig. 7d SEM micrographs of MgAl2O4 spinel, at temprature 1000°C:(e). 

 

850 

Fig. 7c SEM micrographs of MgAl2O4 spinel, at temprature 850°C. 

 

700 

 

Fig. 7b SEM micrographs of MgAl2O4 spinel, at temprature 700°C 
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Fig. 7a SEM micrographs of MgAl2O4 spinel as preapred. 

 

The micrograph (a) reveals that coprecipitation 

method produces almost spherical shape 

microstructured precursors. At calcined temperature 

700°C, morphology of the precursors turned into 

globular shape structure and at temperature 850°C 

clusters of spherical nanopraticles was formed. The 

micrograph of the sample calcined at 1000°C for 4h, 

reveals stratified structure of MgAl2O4 spinel 

nanoparticles with good densification and this 

structure could have formed by coalesces of rectangle 

shape microparticles. Figure 8 illustrates the EDS 

spectrum of the samples and confirms the presence of 

magnesium, aluminium and oxygen.  

 

 
Fig. 8 EDS of samples as preapred: (a), temprature 700°C: (c) and temprature 1000°C: (e) 

 

There is an excess of both Al and O ions relative to 

Mg ions, in MgAl2O4 spinel nanoparticles. Note in 

case of the sample annealed at 1000°C, the peak 

intensities of the EDS spectrum revealed atomic ratio 

of Mg:Al is approximately 1:2.   

 

IV. SUMMARY    

In summary, using precursors: Mg(NO3)2·6H2O, 

Al(NO3)3·9H2O and ammonia solution, as a catalyst, 

MgAl2O4 nanoparticles were prepared by 

coprecipitation method and subsequent  thermal 

heating at temperatures 550°C, 700°C, 850°C and 

1000°C  for 4 hours, in air. The structural properties 

of MgAl2O4 nanoparticles were investigated by 

techniques TGA/TGA, XRD, FTIR and SEM. XRD 

investigations revealed that at calcination 

temperature 550°C, an intermediate phase (γ-Al2O4 , a 

rock salt type structure) of cubic MgAl2O4 was formed. 

In low calcination temperature range (700-850°C 4h),  

interfacial interaction between a high reactive 
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decomposed products γ-Al2O3 and MgO and their 

mixing at molecular level yielded MgAl2O4 face-

centred cubic spinel nanoparticles with grain size ~ 6 

nm via distribution/ inversion  of  cations  

among/between the interstitial sites.  In addition, a 

decrease in lattice constant suggests that a disordered 

character of the cubic spinel phase. At 1000°C, results 

shows that the lattice constant is suddenly increased 

due to disorder-order phase transition and found 

MgAl2O4 cubic spinel nanoparticles (size 12 nm) with 

degree of ordered 0.97. The distribution/exchange of 

cations among /between the interstitial sites depends 

on average ionic radius of cations and calcination 

temperatures. The study also suggests that nearly 44 

times more energy is required for formation of 

MgAl2O4 face-centred cubic ordered-spinel 

nanoparticles than that of MgAl2O4 cubic disordered-

spinel nanoparticles. It is also shown that calcination 

enhances the crystallinity and transmission of the 

spinel; and also controls dislocation density and 

amount of stress at the surface and hence yields the 

strength of the material. Results of FTIR and SEM 

support XRD studies. Finally, we may conclude that a 

single phase MgAl2O4 cubic ordered-spinel 

nanoparticles (grain size ~ 12 nm) with a good, 

chemical homogeneity (atomic ratio of Mg:Al is 

approximately 1:2), narrow particle size distribution 

can be obtained by using  co-precipitation method 

and followed by thermal treatment at temperature 

1000°C for 4h, in air; and may be used for applications: 

refractory in heavy industry nano ceramic powders in 

particular as catalyst support and catalysts by itself.  
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