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An attempt was made to synthesise magnesium oxide of a high degree of dispersion permitting its use as

adsorbent or catalyst. The synthesis method proposed was precipitation with the use of magnesium nitrate

or magnesium sulfate. The influence of temperature, the mode and the rate of dosing, the concentration and

the ratio of the reagents on the properties of the final product was analysed. Magnesium oxides were obtained

by thermal decomposition of magnesium hydroxides and subjected to thorough analysis. The results permit-

ted selection of the reaction systems ensuring synthesis of the final products of the desired properties.

Keywords: Magnesium oxide; Magnesium hydroxide; Precipitation; Particle size distribution and surface
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INTRODUCTION

The main aim of producing materials on the nano- and

microscale is to permit thorough assessment of their

morphological and microstructural properties. The results

of extensive research work permitted the production of

ordered microstructural systems of particles of well-de-

fined shapes and sizes. It has been shown that morphology

and microstructure influencing the chemical and physical

properties of the compounds, also determine their future

use1.

Magnesium oxide is highly homogenous and has parti-

cles of spherical shape. It is non-toxic, inflammable, shows

high electric resistance and great mechanical strength that

makes it desirable for a wide range of applications. Be-

sides the use in heterogeneous catalysis2, MgO is an inter-

esting insulating and construction material or pharmaceu-

tical compounds. Literature provides a number of meth-

ods developed for  the synthesis of magnesium oxide,

among them the sol-gel method3, methods based on chemi-

cal precipitation4, hydrothermal5, solvothermal6, electro-

chemical methods7 and the method based on the use of

microwaves8, 9. The microwave method has been widely

used in synthetic organic chemistry and in synthesis of

other metal oxides by direct heating of hydrated precur-

sors10. When applied to synthesise MgO it gives particles

of different surface morphology. The influence of the

parameters of the process (temperature, substrate concen-

trations) on the properties of the product has been stud-

ied. However, this technology is time-consuming and hence

expensive and little promising if applied on a large scale.

Not many authors have been interested in the synthesis

of metal oxides by precipitation methods. In this paper we

propose a method of magnesium oxide preparation by

precipitation with the use of magnesium sulfate or mag-

nesium nitrate and sodium hydroxide. The influence of

the parameters of the process on the dispersion and mor-

phology of the product was analysed to provide the back-

ground for the selection of the experimental conditions

that would ensure getting a product of specific target

properties.

EXPERIMENTAL

The precipitation reaction was performed with the use

of solutions of hydrated magnesium nitrate

(Mg(NO
3
)
2
.7H

2
O, of analytical grade, purchased from

POCh SA) or magnesium sulfate (MgSO
4
.6H

2
O, of ana-

lytical grade purchased from POCh SA) and sodium hy-

droxide (NaOH, of analytical grade, POCh SA). The

substrates at the stoichiometric ratio or with excess of the

magnesium salt were dosed simultaneously at the rate of

2.3 cm3/min to the water system. The magnesium salts

were used at the concentrations of 5, 10 or 15% and at the

temperatures of 40°C or 80°C, optimum for the use of

magnesium nitrate and magnesium sulfate, respectively.

Magnesium hydroxide precipitated was dried at 105oC

and then calcined at 400oC for 2 hours till getting the final

product of magnesium oxide. At first bulk density was

measured for all the samples.

Then the samples were subjected to the measurements

of particle size distributions with the help of Zetasizer

Nano ZS (NIBS method). The surface of the selected

samples was observed under an electron scanning micro-

scope Zeiss VO40. The specific surface area BET as well

as pore volumes and diameters were measured also for the

selected samples (ASAP 2020 made by Micromeritics

Instruments Co.). The crystalline structure of the selected

samples was determined by X-ray diffraction method us-

ing a horizontal diffractometer, working with a HZG-3

type goniometer. Structural identification was performed

using X-RAYAN software12. The samples were also sub-

jected to the experiments aimed at the determination of

their wettability and sedimentation profiles in water sys-

tems by a K100 tensiometer made by Krüss.

RESULTS AND DISCUSSION

Table 1 gives the bulk densities and results of the dis-

persion measurements of MgO obtained by precipitation

with the use of magnesium nitrate at different concentra-

tions at 40°C. Samples 1, 2, 3 were obtained in the reac-

tion with the stoichiometric rate of the reagents, while

sample 4 was obtained at the excess of magnesium salt.

The temperature of the reaction is the optimum for the
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reaction systems with magnesium nitrate. The lowest bulk

density of 100 g/dm3 was found for sample 1 precipitated

with the use of 5% solution of magnesium nitrate. The

bulk density of magnesium oxide (sample 2) obtained

with the use of a 10% solution of magnesium nitrate was

slightly higher – 133 g/dm3. The values obtained for sam-

ples 1 ÷ 4 confirm the observation that bulk density

increases with increasing the concentration of magnesium

salt used. In the particles size distributions recorded for

these samples the bands in nanometric range are relatively

broad. The greatest diameters reaching as much as 5560

nm were found for the particles from sample 4. The nar-

rowest band in this range of 122 ÷ 1110 nm was obtained

for sample 2.

The particle size distributions obtained for samples 1 ÷

4 shown in Fig. 2a permits the analysis of the effects of

the reagents ratios and concentrations on the dispersion

properties of MgO. The particle distribution curve of

sample 2, (precipitated with 10% solution of magnesium

nitrate) confirms the smallest scatter of particles diam-

eters and their lowest values. The narrow band is shifted

towards lower values of particles diameters and the maxi-

Figure 1. Technological scheme of the process of precipitation of magnesium hydroxide from a magnesium salt

Table 1. Physico-chemical properties of MgO precipitated at 40
o
C, with the use of magnesium nitrate at different concentrations

Figure 2. (a) Particle size distributions (Zetasizer Nano ZS) of magnesium oxides precipitated with the use of magnesium

nitrate at different concentrations at 40°C, (b) SEM image of MgO sample 2
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mum volume contribution is brought by the particles of

712 nm in diameter. A single band covering the diameters

from the range 615 ÷ 2300 nm was also recorded for

sample 1, testifying to the homogeneity of this sample.

The poorest dispersive and morphological properties re-

vealed sample 4 precipitated with the use of volume ex-

cess of magnesium salt of 10% solution. The wide band

covering diameters of high values (the maximum volume

contribution is brought by the particles of 5560 nm in

diameter) proves the diversified morphology of the sam-

ple and tendency to agglomerate formation. For sample 2,

the uniform dispersive character of magnesium oxide

particles of spherical and regular shape is additionally

confirmed by SEM image, (Fig. 2b).  The above analysis

of the effects of the precipitation conditions on the final

product (obtained with the use of magnesium nitrate)

permitted the determination of the optimum conditions

ensuring preparation of magnesium oxide of the best dis-

persion and morphology. According to the results, the

best final product was sample 2, because of high homoge-

neity and relatively high refinement.

Table 2 presents the physico-chemical parameters of

magnesium oxide samples precipitated with the use of

magnesium sulfate at 80°C, which is the optimum tem-

perature for the reaction system with this magnesium salt.

Samples 5 ÷ 8 were subjected to measurements of bulk

density and particle size distributions. Samples 5, 6, 7 of

magnesium oxide were obtained at the stoichiometric ratio

of the reagents, while sample 8 at the volume excess of

magnesium sulfate. As follows from the data given in the

table 2, the best properties were determined for sample 5,

which has very low bulk density of 49 g/dm3 and particles

of diameters varying in a relatively narrow range up to

2670 nm. With increasing the concentration of the solu-

tion of magnesium sulfate the parameters of the final

products get worse, their bulk density increases, the par-

ticle size distribution is scattered over a wide range, up to

5560 nm. The broad bands in the particle size distribu-

tion patterns obtained for samples 6 and 7 (Fig. 3) testify

to the samples inhomogeneity and the tendency to ag-

glomerate formation.

When the volume excess of the salt 5% solution was

used, the final magnesium oxide (sample 8) the final

product had higher bulk density than that obtained at the

stoichiometric ratio of the reagents and contained parti-

cles of small and relatively large diameters. As follows

from the particle size distribution pattern recorded for

sample 8, the particles of small diameters bring a small

volume contribution, while the volume contribution of

larger ones is much greater (Fig. 3).

SEM photographs have shown that MgO samples 5 and

8 have surfaces of relatively homogeneous character and

particles making agglomerates of intermediate size.

Table 2. Physico-chemical properties of MgO precipitated at 80
o
C with the use of magnesium sulfate at different concentrations

Figure 3. (a) Particle size distribution (Zeatasizer Nano ZS)

of magnesium oxide samples precipitated with the

use of magnesium sulfate solutions of different

concentrations at 80°C; SEM images of (b) sample

5 (c) sample 8

At the subsequent stage of the study, the nitrogen ad-

sorption/desorption isotherms were determined for sam-

ples 2, 5, 8. The shape of the isotherms (Fig. 4) points to
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mesoporous structure of these samples. The volume of

adsorbed nitrogen was found to systematically increase

with increasing relative pressure up to a maximum value

at p/p
0
=1, of 180, 370 and 600 cm

3
/g for samples 2, 5 and

8, respectively. The specific surface area of sample 8 is

269 m
2
/g, which is rather great, that of sample 5 is smaller,

of 146 m
2
/g, while that for sample 2, precipitated with the

use of magnesium nitrate is 81 m
2
/g. The differences fol-

low most probably from different microstructures of the

samples. The greatest specific surface area was obtained

for the sample precipitated at the volume excess of the

magnesium salt at 80°C.

Figure 4. N
2
 adsorption/desorption isotherms for samples

2, 5, 8

The same samples, 2, 5 and 8 were then subjected to X-

ray diffraction study to identify their structure with the

help of X- RAYAN software. The XRD analysis proved

that the samples contained synthetic magnesium oxide of

the partially crystallized structure.

Fig. 5 a, b, c presents the diffraction peaks characteristic

of the crystalline phase of MgO. The maximum at 2θ=37

in the diffractograms informs about the partially-formed

crystalline structure of the samples, most probably be-

cause of a too low temperature of calcination.

Figure 5. X-Ray diffraction patterns of samples 2, 5, 8

Samples 2 and 8, representing magnesium oxides ob-

tained with two types of magnesium salts, were then sub-

jected to measurements of sedimentation profiles and

wettability with water (Fig. 6). The process of sedimenta-

tion provides the information on the microstructure of the

substances studied, while wettability – defined as the ease

of bounding water – determines the suitability of the

material studied for certain applications, e.g. as a filler or

adsorbent.

For sample 8 the mass increase was a bit greater (0.0048 g)

in the same time than for sample 2 (Fig. 6a). The reason

was a greater tendency towards agglomerates formations

of this sample than that of sample 2, despite the lower

bulk density of the former sample.

The amount of water adsorbed in the same time by

sample 2 precipitated with the use of magnesium nitrate

was comparable to that  adsorbed by sample 8 precipi-

tated with the use of magnesium sulfate, the correspond-

ing values were 0.27 g and 0.29 g. However, the courses

of the wettability curves (fig. 6b) reveal the difference in

the character of the samples. The rapid mass increase of

sample 2 proves its considerable tendency to bound water,

sample 8 in a very short time reaches stabilisation. There-

fore, the magnesium oxide obtained with the use of mag-

nesium sulfate shows more hydrophobic nature than that

precipitated with the use of magnesium nitrate.

Figure 6. Comparison of (a) sedimentation profiles and (b) wettability in water systems obtained for samples 2 and 8
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CONCLUSIONS

Synthesis of magnesium oxide with the use of sodium

hydroxide and a magnesium salt in the optimum condi-

tions permits getting the final products of well defined

dispersive, morphological and adsorptive properties. When

the precipitation is carried out with the use of 10% solu-

tion of Mg(NO
3)2

  at 40°C, the final product is character-

ised by high dispersion (the maximum volume contribu-

tion is brought by particles of 712 nm in diameter) and

uniform morphology.

The use of 10% solution of MgSO
4
, at the volume ratio

of the reagents of 1.5:1 at 80°C gives the final magnesium

oxide of large specific surface area BET; the largest ob-

tained was 269 m2/g. XRD analysis of selected samples

has proved that the final magnesium oxides obtained by

calcination of magnesium hydroxides had not fully devel-

oped crystalline structure.
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