
Australian Journal of Basic and Applied Sciences, 5(11): 1342-1351, 2011
ISSN 1991-8178

Corresponding Author: Anita Ramli, Fundamental and Applied Sciences Department, Universiti Teknologi PETRONAS,
Bandar Seri Iskandar, 31750 Tronoh, Perak, Malaysia.
E-mail: anita_ramli@petronas.com.my

1342

The Effects of MgO Loading on the Surface Properties of γ-Al2O3 in the Mixed
Oxides

1Muhammad Farooq, 2Anita Ramli, 1Duvvuri Subbarao

1Department of Chemical EngineeringUniversiti Teknologi PETRONAS Bandar Seri Iskandar,
31750 Tronoh, Perak, Malaysia.

2Fundamental and Applied Sciences Department, Universiti Teknologi PETRONAS, Bandar Seri
Iskandar, 31750 Tronoh, Perak, Malaysia.

Abstarct: Mixed oxides of alumina and magnesia with different MgO content were prepared by wet
impregnation method. The physicochemical properties and structures of these synthesized mixed oxides
γ-Al2O3-MgO were studied with X-ray diffraction (XRD), FESEM, Fourior transform infrared (FTIR),
Thermogravimeric analysis (TGA), and BET methods . The point of zero charge of mixed oxides was
also determined by salt addition method to explore the effect of MgO contents on the PZC of
commercial γ-Al2O3. The results showed the as the MgO loading was increased the PZC of alumina
was also increased linearly. Moreover, the PZC of these synthesized mixed oxides varied between the
PZCs of pure oxides of γ-Al2O3 and MgO. Further, it was found that the addition of low amounts of
MgO to alumina didn’t cause change in the structure of alumina however, high loading of  MgO
caused change in the phase and structure of alumina depending on the MgO loading. Moreover, it was
observed that the activation energy of degradation increased as the Mg (NO3)2.6H2O loading was
increased onto γ-Al2O3.
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INTRODUCTION

Metal oxides find wide range of applications in the various fields such as petroleum, chemical and
environmental industries. Mixed oxides exhibit excellent catalytic properties, and are therefore used as catalysts
and catalyst supports for distinct catalytic applications (Benjaram et al., 2005). Moreover, mixed oxides are
extensively used as photoconductive thin films, fuel cells, gas sensors, ceramics technologies etc. 

Nanocrystalline mixed metal oxides have high surface area, high conductivity, electrochemical stability and
pseudo-capacitive behaviour and therefore find applications in the electrochemical double layer capacitors. It
has been reported that the electrochemical double layer capacitance of mixed oxides is much better than of the
pure single oxide systems (Jayalakshmi et al., 2006).

Similarly, due to the growing concern for public health and environment quality, environmentalists are
keenly interested to synthesise materials which can be effectively used for removing the toxic organic and
inorganic pollutants from water. It has been reported that mixed metal oxides exhibit different chemical
properties from those of the corresponding single oxide systems therefore, have great potential to use as
adsorbents to remove various organic and inorganic pollutants from water [Chowdhury et al., 2010; Gupta and
Ghosh, 2009).

It has been found that the surfaces charge of single or mixed oxides depend on the pH of a system. An
oxide surface contains terminal hydroxyl groups that protonate or deprotonate depending on the pH of the
contact solution. The PZC is a pH where the net surface charge of the oxide is zero. Below this pH, the
surface of the oxides is positively charged and protonated and the surface can adsorb anions. Whereas, above
the PZC, the surface of oxides is negatively charged and deprotonated and therefore adsorb cations strongly
(Regalbhuto et al., 1999). This can easily be demonstrated by the following model.

The study of surface properties of mixed oxides plays a key role to explore their applications in various
fields such as catalysis and surface chemistry. 
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Fig. 1: The point zero charge model.

Many attempts have been made to study the surface properties of mixed oxides of various metals and
various metal combinations. The surface charge properties of mixed oxides of Iron /silica were investigated
by salt addition and potentiometric methods (Mustafa et al., 2002). The authors observed that these mixed
oxides exhibited two PZCs values one at pH 2 corresponding to SiO2 and the other at pH 9 corresponding to
Fe(OH)3 at 303K. The detail study of silica/alumina mixed oxide systems was carried out to explore the surface
properties of these mixed oxides (Matijevic et al., 1971). The results showed that these mixed oxide systems
exhibited two PZCs values at pH 3.1 and as well at 9.2. The surface properties of iron hydroxides prepared
in the presence of silica were studied (Anderson and Benjamin, 1985). They pointed out that the surface
properties of so synthesized iron hydroxides depend on the Si content. The author further observed that the
both the PZC and IEP of the solid decreased as the Si:Fe molar ratio was increased. Similarly, the surface
charge properties of alumina and titania mixed oxides were investigated (Subraminian et al., 1988). They
concluded that the PZCs of these mixed oxides varied between the PZCs values for the two pure phases. 

The present work deals with the study of surface properties of mixed oxides of alumina and magnesia and
the effect of MgO contents on the point zero charge and textural properties of these mixed oxides. The
activation energy of the thermal decomposition of Mg (NO3)2.6H2O with loading on the surface of γ-Al2O3 has
been calculated. Moreover, these synthesized composite oxide samples are characterized by various analytical
techniques. 

Experimental:
2.1. Reagents:

All the chemicals used in the experimental work were analytical grades with purity $ 99.7%. All the glass
wares were washed with nitric acid (10%) and then with deionized water. 0.1M NaNO3 solution was used as
background electrolyte in salt addition method for PZC determination.  0.1M HCl and NaOH solutions were
used for pH adjustment.

2.2. Mixed Oxides Preparation:
A series of mixed oxides of alumina and magnesia (γ-Al2O3-MgO) with different MgO loading were

prepared by wet impregnation method. The pre-calcined γ-Al2O3 was impregnated with aqueous solution of
magnesium nitrate hexahydrate Mg (NO3)2.6H2O according to the required MgO contents with constant stirring
for 3 hours at room temperature as described in the literature (Pinna, 1998; Perego and Villa, 1997). The water
was slowly evaporated from the paste by heating gently at 70oC and then the solid samples were dried at
110oC for 12 h in oven. The dried samples were calcined at 500oC in the presence of air in muffle furnace
for 5 hours. TGA/DTA results showed that the calcination of these mixed oxides samples completed at500oC
as shown in the Fig. 6.

2.4. Characterization Methods:
The N2

  physisorption was carried out in order to evaluate the textural properties such as the specific
surface area (SBET), mean pore diameter (Dp) and total pore volume (Vt) of the synthesized support materials
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with different MgO loading using a micromeritics ASAP 2020 system at 77K. SBET was obtained by Multi-point
Brunnauer-Emmet-Teller method (BET) and mean pore diameter by Barret-Joyner-Halenda method (BJH) from
the desorption branch. All the samples were heated at 250oC for three hours prior to each measurement. 

The morphology and the elemental composition of synthesized mixed oxides were studied by Field
Emission Scanning Electron Microscopy (FESEM) LEOVP1430SEM at 50 kV accelerating voltage with 300
magnification. Prior to imaging the samples were sputter-coated with gold to make the fibers conductive,
avoiding degradation and build up of charge in the specimen.

X-ray diffractograms were obtained for the pure commercial γ-Al2O3 and mixed oxides (Al2O3-MgO)
prepared by impregnation method using JEOL X-ray diffractometer, model JDX-3530M with Mn filtered Cu-Kα
radiations.

X-ray photoelectron spectroscopy (XPS), Shimadzu equipment with Mg Ka X-ray excitation source
(E=1253.6 eV) was used to analyse the surface composition of synthesized samples with different MgO
contents. The line C1s with a binding energy of 284.6 eV was used as reference. Similarly, the atomic
concentration ratios in the outer layers of the samples were determined from the corresponding XPS area ratios
by using the effective ionization cross section of the ejected electrons12.

The mixed oxides samples were analysed by FTIR in KBr wafers model SHIMDZU 8400S in the wave
number range of 400–4,000 cm-1 The samples were prepared by mixing KBr crystals with sample and then
ground to fine powder and then pressed to KBr wafers. The scan time was 3 min for each sample.

2.5. Thermal Decomposition:
The thermal decomposition of Mg(NO3)2.6H2O on γ-Al2O3 was studied using thermogravimetry (TG) and

derivatives of thermogravemitry (DTG). It has been reported that all the rare earth nitrates except cerium and
samarium decompose according to the following general reaction (Strydom and Vuuren, 1987).

M(NO3)3.6H2O(s) ÷ M(NO3)3 (s) ÷ MONO3 (s) ÷ Metal Oxide (s)

The intermediates formed during this reaction are unstable and immediately change into final products i.e.
metal oxide therefore; the above reaction can be simply represented as

M(NO3)3.6H2O(s) ÷ Metal Oxide (s) + Gas

or

A (solid) ÷ B (solid) + C (gas)   (1)

The degree of conversion of reactants into products i.e. the degradation reaction is represented by α and
may be defined by the following equation,

   (2)
-

-
o t

o t

w w

w w
 

Where wo is the initial weight of dry sample, wt is the actual mass of the sample at instant t and wf is
the final weight of the sample (at the end of the TGA).

The isothermal rate of degradation (dα/dt) is the product of rate constant K (T), and a function of the
conversion f(α)  as given below,

   (3)( ) ( )
d

K T f
dt

 

According to Arhenius equation the reaction rate constant K (T) is given by the following equation,

  (4)/( ) E RT
oK T k e

Where k0 is the pre-exponential factor, Ea is the activation energy, R is the gas constant, and T is the
absolute temperature.
Comparing equations 3 and 4 we get
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However, for dynamic thermal degradation at constant heating rate 
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So Eq. 5 can be written as
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2.6. PZC Determination:
The PZCs of commercial γ-Al2O3, commercial MgO and their mixed oxides (γ-Al2O3-MgO) with different

MgO contents were determined by using salt addition method (Mustafa et al., 2010; Mustafa et al., 2002). In
this method 0.1 M NaNO3 solution were prepared in preboiled deionised water to eliminate CO2. 40ml of 0.1M
NaNO3 solutions were taken in different titration flasks. The pHs of these solutions were adjusted to 2, 3, 4,
5, 6, 7, 8, 9, 10, 11 and 12 using 0.1 M NaOH and HCl solutions. The initial pHs were recorded with pH
meter. About 0.2g of given sample was then added to each flask and was shaken for 48 h in a shaker bath
at 25oC. After 48 h, final pHs were recorded and ΔpH (difference between initial and final pH) was plotted
against initial pH values. The PZCs values were calculated from ΔpH verses pH plots, which is the pH at
which ΔpH is zero i.e. initial pH= final pH.

RESULTS AND DISCUSSION

The specific surface area (SBET), total pore volume (Vp) and mean pore diameter (DP) of the mixed oxides
supports with different MgO contents are given in Table 1. It can be observed from the results mentioned in
the Table.1 that the addition of magnesia contents caused decrease in the surface area, pore volume, and mean
pore diameter. This trend may be due to the fact that the addition of MgO might have blocked some of the
pores of alumina during the preparation resulting decrease in the surface area, pore volume and mean pore
diameter. 

Table 1: Effect of MgO loading on the textural properties; specific surface area (SBET), pore volume (Vp) and mean pore diameter (Dp).
MgO contents Wt % 0 5 10 15 20
SA (m2/g) 186.32 167.63 151.37 142.65 134.98
Vp (cc /g) 0.241 0.179 0.161 0.124 0.158
Dp (A0) 78.43 72.401 67.31 59.63 49.36

Fig.2. shows the XRD patterns of γ-Al2O3 and mixed oxides γ-Al2O3-MgO with different MgO loading
prepared by impregnation method. The XRD profiles exhibited the characteristic peaks of γ-Al2O3 and MgO
at 66.8, 45.55, 37.3 and 62.15, 42.7 respectively. However, there was no characteristic peaks corresponding
to Mg (NO3)2.6H2O which means that all the nitrates were completely decomposed at given temperature
(500oC). Comparing the spectrum of γ-Al2O3 with other spectra’s obtained for mixed oxides of 5, 10 wt %
MgO contents, no dominant difference was observed showing the well dispersion of MgO on the surface of
alumina. However, beyond this limits as the MgO loading was increased, the spectrum slightly changed with
the appearance of new peak corresponding to MgO. This showed that the addition of MgO at lower scale did
not affect the structure of alumina and retained its structure however, high loading of MgO affected the phase
and structure of alumina which is in agreement with the results obtained by other authors (Jiang et al., 2001;
Koo et al., 2009).

Figs. 3 and 4 show the infrared spectra both for calcined (500oC) sample of mixed oxides  (γ-Al2O3-MgO)
and uncalcined samples with different MgO and Mg (NO3)2.6H2O contents respectively are given in the Fig.
3 and 4 respectively. In the Fig. 3 spectrum displayed two main broad peaks at 3473.56 cm-1 and 1635 cm-1

corresponding to the stretching and bending vibration of O-H bonds of water molecule in the sample. However,
the peak that appeared at 1385 cm-1 was assigned to MgO and monodentated –O-CO2 carbonate and other
transition phases in appreciable amount as already mentioned in the literature (Spreekumar et al., 2008; Solis
et al., 2004). Similarly, the FTIR spectrum for uncalcined samples shown in the Fig. 4 also exhibited stretching



Aust. J. Basic & Appl. Sci., 5(11): 1342-1351, 2011

1346

Fig. 2: XRD pattern for (a) commercial γ-Al2O3 (b) γ-Al2O3-MgO 5 wt % MgO Loading (c) γ-Al2O3-MgO
10 wt % MgO Loading (d) γ-Al2O3-MgO 15 wt % MgO Loading (e) γ-Al2O3-MgO 20 wt % MgO
loading.

Fig. 3: FTIR spectra for (a) γ-Al2O3, (b) γ-Al2O3-MgO with 15 wt% MgO (c) γ-Al2O3-MgO with 20 wt%
MgO (d) γ-Al2O3-MgO with 20 wt% MgO.

Fig. 4: Representative FTIR spectra for (a) 10 wt % Mg (NO3)2.6H2O loading, (b) 15 wt % Mg (NO3)2.6H2O
loading (c) 20 wt % Mg(NO3)2.6H2O loading.
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and bending vibration of O-H bonds of water molecule present in the sample at 3473.56 cm-1 and 1629 cm-1

respectively. The band at 1382.87 cm-1 was assigned to NO-
3 anion which was more predominant in the

uncalcined sample depending on the Mg(NO3)2.6H2O loading during impregnation of γ-Al2O3.
The morphology and the elemental composition of Al2O3-MgO mixed oxides were studied by Emission

Scanning Electron Microscopy (FESEM) and EDX with 50kV as shown in the Fig.5. As it clear from this
figure that these samples do not possess definite shape and that the morphology slightly changed as the MgO
loading increased. The dimension of the particle was found to be 1 to 10µm with uniform distribution of MgO
on the surface of alumina. The homogeneous distribution of MgO among the various crystals was further
conformed by Energy dispersive analysis of X-rays (EDAX).

XPS results are given in the Table. 3. It can be seen that the binding energies of the Mg2p and Al2p
slightly increased as the MgO loading was increased. Similarly, it was further observed that Mg/Al ratios also
increased as the MgO contents were increased and were higher than that reported by EDAX. XPS is a surface
chemical analysis technique that can be used to analyse the surface chemistry of a material and contains the
characteristics of a surface layer. Therefore, the Mg/Al ratio given by the XPS indicated the Mg enrichment
with spontaneous dispersion to form a monolayer on the surface of γ-Al2O3. It has been reported that the lower
MgO content resulted in spontaneous dispersion on support to form a monolayer, however, as the MgO
contents increased , Mg+2 incorporated into the surface vacant sites of alumina and therefore, caused decreased
in the binding energies (Gomez et al., 1997).

Table 2: Mg/Al ratio in the mixed Oxides (Al2O3-MgO) determined by EDX and Theoretically.
MgO contents Wt % Mg/Al atomic ratio in the mixed oxides with different MgO loading

---------------------------------------------------------------------------------------------------
EDAX Actual Values

5 0.0493 0.0600
10 0.1152 0.1265
15 0.1954 0.2010
20 0.2301 0.2846

Table 3: XPS results showing the variation of binding energies and Mg/Al ratios with MgO contents in the samples. 
MgO contents (Wt %) Binding Energy Atomic ratio Mg/Al

------------------------------------------------
Al2p Mg2p

5 76.73 50.74 0.198
10 76.54 50.60 0.239
15 76.35 50.45 0.402
20 76.22 50.30 0.523

Fig.6. shows the thermogravimetry (TG) and derivatives of thermogravimetry (DTG) for the uncalcined
samples with 20 wt % Mg (NO3)2.6H2O loading. It is evident from Fig.6. [(A) and (B)] that the decomposition
of  Mg(NO3)2.6H2O occurred in several steps. In the first step, the weight loss that took place in the range of
50-100oC, was due to the elimination of water in the sample. In the second step, the weight loss occurred in
the range of 180oC-282oC. This weight loss in the sample was attributed to the removal of crystallization water
of Mg(NO3)2.6H2O. Along with the loss of water of crystallization some nitrate anions undergo partial
decomposition. In the third weight loss step that happened in the range of 362oC-480oC where the weight loss
was maximum, mainly MgO formation took place with maximum nitrates molecules decomposition. Above the
480oC the weight loss is minimum which may be due to the weight loss in residues (Kumar et al., 2008).
Table .4 shows that as the heating rate was increased the onset temperature and the maximum decomposition
temperatures also increased. This increase was due to the effects of heat transfer in the material. Also the
dehydration and the pyrolysis of a material depend on the sample size and heating rate (Madarasz et al., 2007).
Similarly, the activation energy Ea was calculated by Friedman model (Lin et al., 1996; Varhegyi et al., 1994)
using the following equation derived from equation 6:

   (7)( )[ ( )]
d E

In K
dT RT

   

ln(βdα/dT) was plotted against 1/T to calculate the activation energy for samples impregnated with 20 wt
%  Mg(NO3)2.6H2O. Similarly, the activation energy was also calculated for other samples having 10 and 15
wt % Mg(NO3)2.6H2O contents. The  representative  Friedman  linear  plots have been shown in the Fig. 7.
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Fig. 5: Representative FESEM images of mixed oxides, (a) γ-Al2O3-MgO with 15wt% MgO loading, (c) γ-
Al2O3-MgO with 20 wt% MgO loading 

Fig. 6: Thermogravimetric (TGA) curves and derivatives of the thermogravimetic curves (DTGA) for sample
containing 20 wt % Mg (NO3)2.6H2O where (a) 5oC/ min (b) 7.5oC/ min and (c) 10oC/ min.

Fig. 7: Friedman linear plots for 0.01 and 0.02 α conversion for 20 wt % Mg(NO3)2.6H2O loading in γ-Al2O3.
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Fig. 8: Plots of ΔpH vs initial pH for pure alumina (a) commercial MgO (b) and mixed oxides with different
loading of MgO (c).

Table 4: Dynamic thermogravimetric data for 20 wt % Mg(NO3)2.6H2O loading on γ-Al2O3.
Heating rate (oC) Degradation Onset 1st maximum  degradation 2nd maximum  degradation

Temperature (oC) Temperature (oC) Temperature (oC)
10 370 193 425
15 401 215 430
20 407 252 438

Table 4: Variation of PZC of γ-Al2O3 with MgO contents.
Compound MgO contents (wt %) PZC
γ-Al2O3 0 8.2
γ-Al2O3-MgO 5 8.4
γ-Al2O3-MgO 10 8.7
γ-Al2O3-MgO 15 8.9
γ-Al2O3-MgO 20 9.3
MgO 99.98 11.6

The activation energy was obtained at six different conversion values. The slope of each line gave the
activation energy by -Ea/R factor with average correlation coefficient 0.989 for linearity. The activation
energies of thermal decomposition for samples with 10, 15, and 20 wt % Mg (NO3)2. 6H2O loading were found
to be 123.579, 135.959 and 150.533 kJ/mol respectively. It has been reported that as the Mg(NO3)2.6H2O
contents were low, these molecules dispersed on γ-Al2O3 in monolayer form. However, at high loading of
Mg(NO3)2.6H2O these Mg+2 species got into the vacant sites of γ-Al2O3 resulting in the stronger interaction and
therefore, causing increase in the activation energy (Caixia et al., 1995).

The Point Zero Charge of pure commercial γ-Al2O3, commercial MgO and γ-Al2O3-MgO mixed oxides with
different MgO contents was determined by salt addition method as shown in the Fig. 8. The result showed that
the addition of MgO to γ-Al2O3 caused change in the pH values. When ΔpH was plotted against initial pHs
PZC was obtained for different samples having different percentage of MgO. PZC is the pH at which the ΔpH
is zero. The PZC is the pH where the net surface charge of an oxide is zero. The PZC for the pure
commercial alumina was found to be 8.2 and that for pure commercial MgO was 11.6. However, the PZC
values for mixed oxides with different loading of MgO were found to vary between the PZCs of pure oxides
of alumina and magnesia as reported elsewhere (Subramanian et al., 1988; Vigano et al., 1985). Also from
the results it was noted that the addition of MgO to alumina caused gradual increase in the surface charge of
these mixed oxides. MgO exhibits basic behaviour in the aqueous solution with point zero charge of 11.6. As
the MgO content increased the MgO surface charge became predominant. The oxide mixture PZC value moved
towards the MgO PZC. From this we can conclude that at lower loading of MgO alumina sustains its
properties however, at higher loading of MgO the solid showed basic properties due to high contents of MgO
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in the mixed oxides samples. Therefore the physicochemical properties of these mixed oxides are totally
different from that of their pure oxides. These different physicochemical properties of these mixed oxides give
them importance for different industrial applications instead of single oxide systems.

Conclusion:
1- Mixed oxides exhibited different surface properties as compared to single oxide systems.  The Point zero

charge of γ-Al2O3 increased linearly as the MgO loading was increased and varied between the PZCs of
pure oxides of γ-Al2O3 and MgO.

2- Low contents of MgO didn’t change the phase and structure of γ-Al2O3 however, the effects became
dominant at higher loading of MgO.

3- The surface area, pore volume, pore diameter, decreased as the MgO contents increased.  
4- It was further observed that the activation energy of the thermal decomposition of Mg(NO3)2.6H2O on the

surface of alumina calculated by Friedman approach, increased as the Mg(NO3)2.6H2O loading was
increased.
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