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ABSTRACT 
Magnesium oxide nano-powder is synthesized by precipitation from colloidal 

solutions by the chemical reaction approach using LiO.H2O and MgNO3. The effects of 
temperature, stirring speed, dilution and addition method on the grain size of the 
produced magnesium oxide powder have been investigated. 

The powder was characterized using the X-ray diffraction (XRD) and Scanning 
Electron Microscopy (SEM). The XRD and SEM measurements indicate that the 
magnesium oxide powder produced by the chemical technique has a crystal structure 
size in a range of 18-36 nanometers.  

The results obtained through out the course work of experimental runs conducted 
showed no significant effect of stirring speed, dilution and method of addition on the 
particle size, while variation of temperature was found to have a little effect on the 
particle size.  
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INTRODUCTION 

Nanocrystalline materials refer to those materials with grain sizes less than 100nm. 
In general, nanocrystalline materials are a subset of “nanostructured” materials, which 
include all materials intentionally constructed with one or more dimensions in the 
nanometer range [1]. The motivation for manufacturing and studying nanocrystalline 
materials lies in the unique properties they possess. As the grain size becomes smaller 
and smaller, a large and larger fraction of atoms resides on the grain boundaries.  
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In the early of 1980s, the German researchers were the first to produce materials 
with a grain size in the nanometer range [1]. The gas condensation method was the 
candidate method for the production of materials with grain sizes typically less than 100 
nm. Since that time other synthesis techniques have been developed. Over the last two 
decades, inert gas condensation [2.3], amorphous precursor processing [4,5], 
electrochemical processing [6], laser deposition [7], sputter deposition [8], electron 
beam vapor deposition [9], and sol-gel processing [8,9] techniques have been 
successfully used to produce nanocrystalline materials. 

As might be expected, there are advantages and disadvantages of each of the 
powder nanosized materials synthesis approaches. The chemical techniques can produce 
chemically pure powders [10]. A large knowledge base of chemical thermodynamic and 
kinetic theory is also available to aid in manipulating such reactions. In many cases, the 
chemical reactions used for the preparation of nanocrystalline powder are quite simple 
and old in origin, for example, the burning (oxidation) of magnesium and zinc has long 
been known to produce nanocrystals of MgO and nanofibrils of ZnO, respectively, since 
these were confirmed at an early stage by the existence of transmission electron 
microscope (TEM) [11].  

The chemical methods also have their disadvantages. One disadvantage is that the 
surfaces of chemically produced particles tend to be contaminated by adsorbates from 
the medium in which they are produced. Perhaps the more serious concern is that the 
chemical approach is not a general one. For each new composition desired in 
nanocrystalline powder form, a new reaction with different starting chemicals, reaction 
kinetics, and relationships between reaction conditions and powder characteristics must 
be identified and optimized [10]. 

Nanocrystalline materials represent a novel class of materials with grain sizes less 
than 100 nm resulting in significant increases in grain boundaries and triple junction 
volume [4].  

Many of the studies showed strong agreement with the notion that grain 
boundaries in nanocrystalline materials are not unlike those in polycrystalline materials. 
Notably, the grain boundary within nanocrystalline materials was observed to be 
approximately 1nm, which corresponds well with what had been observed previously in 
polycrystalline materials [6]. The primary difference between polycrystalline materials 
and nanocrystalline materials is the increase in the volume fractions of grain boundaries 
and triple junctions in the latter. This intercrystalline volume fraction has been 
quantified by Palumbo et al. using three dimensional treatment involving 
tetrakaidecahedral grains [8].  

The main reason that the nanocrystalline materials have their own unique 
properties is the large intercrystalline volume fraction that is present in these materials. 
Techniques such as x-ray diffraction [12], extended x-ray absorption fine structure 
(EXAFS) [13], hydrogen absorption [14] and self-diffusivity [15] have shown that the 
interfacial component in nanocrystalline materials forms a distinct microstructural 
constituent. The intercrystalline area consists of arrays of atoms with a certain degree of 
disorder in comparison to those found in the grain interior. The exact structure of the 
grain boundaries in nanocrystalline materials is still unknown. Observations by 
Wunderlich et al. [9] on interfaces using High Resolution Electron Microscopy (HREM) 
showed an “extended” structure for the grain boundaries in nanocrystalline material 
which is not typically observed at the grain boundaries in conventional materials. On the 
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other hand, Thomas et al. [16] observed that the interfacial structure of nanocrystalline 
material is consistent with that typically observed in coarse-grained materials. 

Palumbo et al. [17] have put forward a model where the grain shape is represented 
by a regular fourteen sided tetrakaidecahedron. The faces of the tetrakaidecahedron 
represent grain boundaries and the edges represent the triple junctions. A triple junction 
is defined as the intersection line of the adjoining crystals. By considering the grain size 
to be represented by the maximum diameter (d) of an inscribed sphere, the 
intercrystalline volume fraction can be calculated.  

The microstructure of nanocrystalline materials is different from the structures of 
amorphous and crystalline materials, and as a result of this difference the properties of 
nanocrystalline materials are expected to be different from the properties of chemically 
identical substances in the amorphous and crystalline state. It should be noted that many 
of the early studies on nanocrystalline materials were conducted on materials produced 
by gas condensation and many of these results disagree with more recent measurements 
on nanomaterials produced by other methods. Nowadays, in most production techniques 
there are still tremendous difficulties in producing nanocrystalline materials in a form 
that can be mechanically tested using traditional testing methods. This is necessary to 
obtain mechanical data, which can be compared directly to data for the normal 
crystalline solid for the same material.  

The design of technological materials used in industry depends on the availability 
of raw material with outstanding properties in terms of composition, purity, size and 
size distribution. Different techniques have been tried to produce nano-sized oxide 
powders. Magnesium oxide is one of the important materials which, is used as a 
catalyst, in toxic waste remediation, as additives in, paints and superconductor products, 
especially when it is used in the nano-sized scale.  

In this study, the approach of wet chemical method is used to prepare the nano-
size particle of MgO where the synthesis parameters: temperature, stirring speed, 
addition method and concentration of solutions are controlled. The magnesium oxide 
powder nanophase is synthesized from precipitation from colloid solutions by the 
chemical reaction approach using LiO.H2O and MgNO3 and characterized using the X-
ray diffraction and Scanning Electron Microscopy.  

 
EXPERIMENTAL WORK 
Materials 

Magnesium Nitrate (Mg (NO3)2.6H2O) with a purity of 99% and Lithium 
Hydroxide (LiOH.H2O) with a purity 98% were used in this work. The chemicals are 
supplied by the department of chemistry / Al-Fateh University, and used without further 
purification. The distilled water is supplied by Libyan Petroleum Institute. 

A solution with a concentration of 0.01M was prepared by dissolving 5.18g of Mg 
(NO3)2.6H2O in distilled water of total volume of two liters. Lithium Hydroxide with a 
concentration of 0.02 M was prepared by dissolving 1.71 g of Li OH .H20 in distilled 
water of total volume of two liters. 
 
Experimental Procedure 

Magnesium Hydroxide precipitate was formed by adding 300ml of magnesium 
nitrate solution with a concentration of 0.01 M to a 300 ml of Lithium Hydroxide 
solution with a concentration of 0.02 M. The effect of dilution was investigated by the 
addition of 300 ml and 600ml of water to the 300 ml of 0.01 M magnesium nitrate 
solution.  All solutions were prepared with distilled water. 
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2 LiOH.H2O + Mg(NO3)2.6H2O → Mg(OH)2 + 2LiNO3 + 8H2O 
 

The samples were stirred in tightly closed flasks at specific stirring rates and then 
left to reach equilibrium. At equilibrium, a white fine precipitate was formed. The two 
phases were separated by centrifuging the samples in (centrifuge) for 30min at 3000 
rpm, and then filtrated using fine grain round filter papers.  

Magnesium Hydroxide precipitates were prepared at different experimental 
conditions. The effects of temperature, dilution, addition method, and stirring speed on 
the characteristics of the precipitate were investigated. 
After separation, the precipitates were heat treated in an oven at 600oC, through which, 
the precipitate was converted to magnesium oxide according to the reaction: 
Mg(OH)2→ MgO + H2O 
 
Characterization 

X-ray diffraction was used to identify the precipitates as well as, to estimate the 
particle size of the product. In addition, scanning electron microscope (SEM) was used 
to study powder morphology and the type of agglomeration. 
For the XRD experiments, the samples were loaded onto cell provided with the 
spectrometer (X-Ray diffract meter (D5OO5). The crystallite size of a powder sample 
can be estimated from the X-ray broadening by using the well-known Scherrer equation 
[18,19]:  
B(2 θ) = 0.89 λ / L cos θ 
Where B(2 θ) is the width of the X-ray pattern line at half peak-height in radians,  λ is 
the wave length of the X-ray (1.540 A° for the Cu Kα2), θ is the angle between incident 
and diffracted beams in degrees, and L is the crystallite size of the powder samples in 
angstroms. The contact time to the atmospheric environment was kept to minimum 
(about 2-3 minutes). The spectrometer was set at 40 kV and 45 mA and typical scans 
were from 3 to 110.25 (2θ) at 0.033/min.  

The hydrated MgO sample was held onto a small piece of sticky transparent tape 
on top of the specimen mount stub for the electron microscopy study. For the heat-
treated (dehydrated) sample, the sample loading was carried out inside a N2 bag and was 
kept in plastic box inside desiccators during the period before the gold-coating 
operation. A gold film of about 30 nm thickness was obtained from a sputtering coater 
with four layers of 10-s coating time. The SEM pictures were taken by using Auto scan 
Model Spectrometer. 
 
RESULTS AND DISCUSSION 

Several nano-MgO samples with different particle sizes were obtained using the 
different experimental conditions. As shown in Figure (1), both the intensities of the 
reflections in the XRD pattern and their FWHM (full width at half maximum) varied 
with the experimental condition. All the prepared samples were calcined at 600 oC. The 
powder prepared was investigated using the X-ray diffraction technique and the 
Scanning Electron Microscopy. The results showed that the powder particle size was in 
the range of nano-size particles (18 – 36 nm).  

The powder samples prepared were investigated using X-ray diffraction technique 
(XRD) and Scanning Electron Microscopy (SEM). Figure (1) shows a representative 
sample of the XRD results obtained. Both the intensities of the reflections in the XRD 
pattern and their full width at half maximum (FWHM) varied with the experimental 
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condition, indicating that there are different particle sizes. The results showed that the 
powder particle size was in the range of nano-size. 
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Figure 1: X-ray diffraction chart for the experimental conditions: 300 ml, 250 t/min, one 
portion, RT, 10 min 

 
Representative images of the SEM are shown in Figures (2 – 4). The micrographs 

shown in these figures are taken under different magnification to illustrate the cluster 
packing density and the particle size of the produced particles by the different 
experimental conditions. 
 

 
Figure 2: SEM shows cluster of particle of the produced powder at magnification of 13,000 
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Figure 3: SEM shows the particle size of the produced powder at magnification of 27,000  

 

 
Figure 4: SEM shows the particle size of the produced powder at magnification of 55,000 

Effect of Temperature 
The experimental conditions used for the effect of temperature investigation are 

detailed in Table (1), where three values of the temperature was selected at 10 oC, Room 
temperature and 80 oC. The other parameters were kept constant. The results of analysis 
of the effect of this parameter variation showed that a nano-size particle of 35.89nm is 
produced at 10 °C, whereas a particle size of 22.5 nm is produced at room temperature 
and a particle size of 18.08 nm is produced at 80 oC. The change of temperature has a 
noticeable effect on the size of the produced particles. This is due to the effect of 
temperature on the crystallization kinetics, i.e., the rate of crystallization as well as the 
rate of growth of crystals depends upon the crystallization temperature. 

 
Table 1: Effect of temperature on the particle size 

 

No Stirring time 
(min) 

Stirring Speed 
(rpm) Addition  method Temp.(oC) Size (nm) 

1 10 750 One portion R.T 22.54 

2 10 750 One portion 80 18.08 

3 10 750 One portion 10 35.89 
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Effect of Stirring Speed 
The second parameter of the experimental set up used in the preparation of 

Magnesium oxide nano-size particle is the stirring speed. Three different levels; 250 
rpm, 750 rpm and 1250 rpm, were considered. The level range values selected for this 
parameter is found to have no effect on the particle size of the nano-powder which is 
estimated to be 22.5 nm as shown in Table (2). 

 
Table 2: Effect of stirring speed on the particle size 

 

No Stirring time 
(min) 

Stirring 
Speed (rpm) 

Addition 
 method 

Temp. 
(oC) 

Size 
(nm) 

1 10 250 One portion R.T 22.54 
2 10 750 One portion R.T 22.54 
3 10 1250 One portion R.T 22.54 

 
Effect of Dilution of Magnesium Nitrate Solution 

The effect of dilution of magnesium nitrate was investigated by adding 300 ml and 
600 ml of distilled water to the 300ml of 0.01M solution of magnesium nitrate. The 
nano-size particle produced at the three levels of magnesium nitrate concentration is 
22.5nm, which means that the dilution has no effect on the particle as presented in Table 
(3). 
 

Table 3: Effect of dilution on the particle size 
 

No 
Stirring 

time (min) 

Dilution 

(Distill. Water added) (ml) 

Stirring 

Speed (rpm) 

Addition 

method 

Temp. 

(oC) 

Size 

(nm) 

1 10 300 750 One portion R.T 22.54 

2 10 600 750 One portion R.T 22.32 

3 10 900 750 One portion R.T 22.32 

 
Effect of addition Method 

In this experimental condition, the effect of addition of the solutions to each other 
is the aim of this experimental runs. Two ways of addition were tried keeping the other 
experimental parameters unchanged as presented in Table (4). The method of addition 
of the solutions has no significant effect on the particle size yielded under these 
experimental conditions. Having the solutions added to each other in one portion or four 
equal portions has no effect on the size of produced nano-particles which is 22.5 nm. 

 
Table 4: Effect of addition method on the particle size 

 

No 
Stirring time 

(min) 

Stirring. Speed 

(rpm) 
Addition method 

Temp. 

(oC) 

Size 

(nm) 

1 10 750 One portion R.T 22.54 

2 10 750 4 equal portions R.T 22.43 

 
CONCLUSION 

A comprehensive study on the nano-sized MgO material has been conducted to 
understand the mean features characterized this class of structure due its importance in 
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the modern technology. A nano-particle size of MgO is produced by wet chemical 
technique where parameters such as temperature, stirring speed, addition method and 
concentration of solutions were controlled using three levels of each parameter. 

The particle size obtained by using XRD is in the range (18 – 36 nm) where the 
temperature parameter was the most pronounced effect on the used technique for 
producing the MgO particle. Three different values for the particle size produced by this 
method as a function of temperature as the effective parameter are 36 nm at 10 oC, 22.54 
nm at room temperature and 18nm at 80 oC 

The other three parameters have no detectable effect on the particle size produced 
by this technique, and this result may be due to sensitivity of the devices used in the 
characterization process of the produced particle; the other possible reason is the 
selection of the level range of these parameters was not right and it may need 
adjustment. In other words, the factors that affecting the characteristics of conventional 
precipitate have no noticeable influence on the characteristics of nano-particles 
precipitate. 
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