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Abstract: Magnesium aluminate spinel has a great prospect in catalyst supports due to porous 

structure, good catalytic activity, high thermal stability and two active centers as acid and alka-

line. The magnesium aluminate spinel powders synthesized by hydrothermal process were 

characterized by scanning electron microscope, transmission electron microscope, X–ray dif-

fraction and N2 adsorption-desorption isotherms. The particle surface is made up of laminated 

structure and it grows bigger with the increase of hydrothermal temperature and hydrothermal 

time. The spinel has wormlike porous structures and these structures grow smaller and better 

distributed at Hexadecyl trimethyl ammonium Bromide (CTAB) condition. The spinel phase 

emerges at 450 ℃ and the perfect crystalline structure emerges at 600 ℃. The percent of 

MgAl2O4 spinel goes up with the increase of heat treatment temperature. The spinel has a 

large BET surface area and its special surface area diminishes continuously from 245.68 m2/g 

to 58.65 m2/g when the calcinating temperature increases from 500 ℃ to 1200 ℃. Moreover, 

it reaches the maximum surface area of 195.1 m2/g with the addition of 1% CTAB according 

to BET analysis, yet excess of it has an adverse effect. 

1 Introduction 

In traditional ceramic industry, Magnesium aluminate spinel (MgAl2O4) has been used as refractory[1-

5]. Recently it exhibits high chemical inertness against both acidic and basic slag and average level of 

inertness to high-fluency neutron irradiation[6]. MgAl2O4 spinel is widely used as catalysts or catalysis 

support in all types of catalytic reactions, such as hydrogenation[7], desulfurization and sulfur-

tolerant[8–10], etc. With such feathers, MgAl2O4 plays a more and more significant role in catalyst or 

support in petrochemical industry, which renders the production of more homogeneous powders with 

higher specific surface areas powders highly important[11]. In addition, the spinel has also been used as 

catalysts or supporters owning to its good catalytic activity, high thermal stability and two active cen-

ters as acid and alkaline[12,13].  

In recent years, various chemistry-based novel approaches have been applied to synthesize 

MgAl2O4 powders in order to improve its homogeneous, specific surface areas, pore volume and aver-

age pore diameter, such as co-precipitation of metal salts[14], sol-gel[15-17] and so on[18]. Hydrothermal 

processing is one of the most important methods to fabricate porous spinel. 

http://creativecommons.org/licenses/by/3.0
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In this paper, powders have been synthesized by hydrolyzation of Magnesium-Aluminum alkoxide 

combined with hydrothermal method using Mg, Al and n-butanol as reactant. The powders are charac-

terized by scanning electron microscope (SEM), transmission electron microscope (TEM), X–ray dif-

fraction (XRD) and N2 adsorption-desorption isotherms. 

2 Experiment 

2.1 Preparation of MgAl2O4 powders 

The stoichiometric magnesium (99.9%), aluminum (99.9%) and n-butanol were used as reactants 

(nAl:nMg=2:1). The double alkoxides were prepared in a backflow using AlCl3 as a catalyst. The syn-

thesized alkoxides was hydrolyzed with deionized water under stirring until it turns into a homogene-

ous gel. The hydrolyzer was placed into high-pressure autoclave with magnetic stirrer for hydrother-

mal synthesis, and then dried at 100 ℃ for 24 h after natural cooling and calcination. 

2.2 Characterization of MgAl2O4 powders 

X-ray diffraction experiments were performed at room temperature in a Japan D/max-3B instrument. 

The crystallite size was determined from the XRD patterns using the Sherrer Eq. (1)  





cos
89.0d                 （1） 

k is a constant, k = 0.89 where β is the half maximum ( FWHM) of diffraction peak, θ is the angle 

of X-ray diffraction.  

  The cell parameter was calculated using the following Eq. (2)  

 
2/1222 )( lkhda hkl             （2） 

 

The morphology and microstructure of the powders were characterized by scanning electronic mi-

croscope in a Japan JSM-6360 LV instrument. The microstructure of the powders was observed by 

H800 JEOL-type transmission electron microscopy and the BET of MgAl2O4 supports were obtained 

by N2 adsorption at –196 ℃ in the Quantachrome Corporation NOVA-1000 equipment. 

3 Result and Discussion 

3.1 Phase evolution of precursor and characterization 

XRD patterns of heat-treated magnesium aluminate spinel are given in Fig.1. The spinel phase begins 

to emerge when the calcination starts at 450 ℃.The perfect crystalline structure emerges obviously at 

600 ℃. The percent of MgAl2O4 spinel become more intense with the increase of heat treatment tem-

perature, which is associated with an increase in the grain size. The dependence of the average grain 

size on calcination temperature and the average size of cell parameter are shown in Fig.2. The grain 

size of MgAl2O4 spinel increases with temperature yielding at 1200 ℃, whose mean crystallize size is 

about 17.83 nm. However, the average size of cell parameter is quite similar to that of those from ref-

erences, where a = 0.80831 nm for the well-crystallized spinel. 
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3.2 Hydrothermal temperatures s 

SEM images of samples prepared by hydrothermal process at 80, 120, 160, 250 ℃ for 6 h and cal-

cined at 700 ℃ are shown in Fig.3. The surface of the sample consists of large grains during the hy-

drothermal process at 80 ℃. While the sample surface is made of small and regularly-arranged lami-

nated structure at 120 ℃, the laminated structures grow bigger and bigger with the increase of 

hydrothermal temperatures. In addition, the samples have irregular growth of laminated structures at 

high hydrothermal temperatures. The results indicated that there is not enough energy to drive the par-

ticle to grow into sheet structures at low temperatures. Yet it provides enough energy to grow into the 

laminated structures when hydrothermal temperature reaches 120 ℃. 
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Fig. 1 XRD patterns of heat-treated magnesium aluminate 
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Fig. 2 Dependence of grain size and average size of cell pa-

rameter on calcination temperature 
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Fig. 3 SEM images of samples at different hydrothermal temperatures (a) 80 ℃ (b) 120 ℃ (c) 160 ℃ 

(d) 250 ℃ 

3.3 Hydrothermal time 

Fig.4 shows SEM images of samples that are prepared at 160 ℃ for different time by hydrothermal 

process, then calcined at 700 ℃. It can be seen that the laminated structures of sample particles by hy-

drothermal process for 6 h grow regularly and are uniform in size. With the increase of hydrothermal 

time, the laminated structures of sample gradually grow bigger. The result indicates that the formation 

rate of crystal nucleus is fixed when hydrothermal temperatures are the same. The system provides 

enough energy to promote grain to aggregate and grow bigger as the hydrothermal process lasts long-

er. Accordingly, the same effects apply to make laminated structures large by increasing hydrothermal 

temperature and hydrothermal time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 SEM images of samples with hydrothermal process for different times (a) 6 h (b) 24 h (c) 48 h 

(d) 96 h 
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3.4 Effects of Hexadecyl trimethyl ammonium Bromide (CTAB) 

The microstructure and morphology of samples prepared by hydrothermal process at 160 ℃ for 6 h 

are shown in TEM images in Fig.5. It can be seen that the particles of samples consist of lots of worm-

like pore structure with irregular arrangement and nonuniform form by comparing precursor in 

Fig.5(a) with calcined sample in Fig.5(b). It is a relic of the morphology even after calcination and re-

garded as topological transformation. The TEM images of samples by adding CTAB, are shown in 

Fig.5(c) which is precursor and Fig.5(d) which is calcined at 700 ℃. The wormlike pore structures of 

particles grow smaller and better distributed on account of faintish coordination interaction force be-

tween precursor and CATB, which can induce the accumulation of colloidal particle effectively. The 

result indicates that the composites have no obvious long-distance ordered porous structure, but the 

order of porous structure increases distinctly. The TEM image in Fig.5(b) indicates that the products 

of MgAl2O4 spinel and polycrystalline powder, namely MgAl2O4 spinel catalyst supports, have grain 

structure. 

3.5 Effects of CTAB contents and Calcination Temperatures 

The specific surface area of samples with different calcinations temperatures and different CTAB con-

tents are shown in table 1. The specific surface area decreases from 245 m2/g at 500 ℃ to 58.65 m2/g 

as the temperature hits 1200 ℃ which still presents high heat stability of spinel catalyst support. The 

CTAB has an important influence on the specific surface area. It can be seen that the specific surface  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

area is 179.01 m2/g when 0.2% CTAB is added. It reaches maximum BET surface area, about 195.11 

m2/g with the addition of 1% CATB. Afterward the surface area diminishes gradually with the increase 

of CTAB to 76.92 m2/g with 5% CTAB, which is attributed to over roasting because the excessive sur-

factants precipitate out from solutions and they are inclined to be absorbed on the surface of precursor. 

 

a b 

c d 

Fig. 5 TEM images of samples of precursor and spinel  

(a) images of precursors and (b) images of samples calcined 

at 700 ℃ without CTAB 

(c) images of precursors and (d) images of samples calcined 

at 700 ℃ with CTAB 
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Table 1. The specific surface areas of samples with different CTAB contents 

 

 
 
 
 
 
 
 
 

4 Conclusion 

The spinel powders particle surface is made up of laminated structure prepared by hydrothermal pro-

cess combined with alkoxide hydrolysis. It reveals wormlike porous structures and a large special sur-

face area in such structure. The laminated structure of MgAl2O4 powders particle surface grow larger 

with the increase of hydrothermal temperature and hydrothermal duration. The spinel phase comes in-

to being at 450 ℃ and the perfect crystalline structure emerges at 600 ℃. The spinel phase increases 

gradually, the crystalline grain grows bigger and its specific surface area diminishes continuously from 

245.68 m2/g to 58.65 m2/g when the roasting temperatures increase from 500 ℃ to 1200 ℃. Addition-

ally, the laminated structures of particle surface grow regularly by adding the amount of surfactant 

CTAB below 1%, while the excessive of surfactant CTAB has an adverse effect. 
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