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Synthesis of Magnesium Oxide by the Sol-Gel Method: Effect of the 
pH on the Surface Hydroxylation 
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Magnesium oxide was prepared by the sol-gel method. The method involves the hydrolysis of 
magnesium alkoxide in the presence of acid or basic catalysts followed by a polycondensation 
reaction. The synthesized solids were characterized by IR spectroscopy, X-ray diffraction, DTA, 
TGA, and electron microscopy. It is shown that the hydrolysis process depends on the catalyst 's 
pH (HCI > CH3COOH > H2C204 > H20 > NH4OH). This effect can be explained by the reaction 
mechanism. The reaction is controlled by the hydrolysis at acid pH and by the polycondensation 
at a basic one. Solids prepared by this method are chemically homogeneous, very pure, and 
specifically hydroxylated. They can be widely used in the study of magnesium support effects in 
different catalytic reactions, c~ 1991 Academic Press. Inc. 

INTRODUCTION 

Earlier studies have shown that metal cat- 
alysts supported on MgO behave quite dif- 
ferently from the ones supported on silica 
or alumina. The magnesia support effect is 
observed in catalytic activity, in selectivity, 
and in the formation of bimetallic particles. 
For benzene hydrogenation (I) and methyl- 
cyclopentane hydrogenolysis (2) on sup- 
ported Ru catalysts, a high turnover value 
and a considerably smaller deactivation rate 
are reported for the Ru/MgO catalysts com- 
pared with Ru catalysts supported on SLOE, 
A1EOa, or TiO2. The MgO effect is also ob- 
served in the formation of bimetallic parti- 
cles of Pt-Ru/MgO catalysts which are un- 
usually enriched by Ru on their surface (3). 
Similar support effects have also been ob- 
served in Ru-Cu/MgO catalysts (4). 

The particular behavior of this support is 
not completely understood. However,  some 
reasons have been suggested: (i) magnesia 
stabilizes the metal in uncommon oxidation 
states (5, 6); (ii) its morphology and crystal- 
line structure are easily modified (7); (iii) 
the occurrence of electronic transference 
between metal and support causes varia- 

tions in the catalytic properties (8); and (iv) 
the acid strength of the hydroxyl groups 
found in the surface of the support is directly 
related to the catalytic activity (9, 10). It 
is evident that characterization of the MgO 
becomes necessary for its use and for inter- 
pretation of its effects when it is employed 
as a metal support. 

MgO is obtained by thermal treatment of 
Mg(OH) 2 and MgCO 3 . The oxide morphol- 
ogy depends on the preparation technique 
(calcination rate and temperature), but there 
is little information on the formation mecha- 
nism, especially on oxide hydroxylation. 

In this work the method of synthesis 
known as sol-gel (11), which consists of 
hydrolysis and condensation of a magne- 
sium alkoxide, is used. This method permits 
us to have different hydroxylated MgO pre- 
cursors due to variations of pH in the reac- 
tive medium. 

The homogeneity of a gel depends on the 
following parameters: the solubility of reac- 
tives in solvent, the sequence of addition of 
reactives, the temperature, and the pH of 
reaction. 

The mechanism for obtaining a gel from a 
sol is probably a nucleophilic substitution. 
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This is not clearly defined because it is diffi- 
cult to separate the hydrolysis reaction from 
the polymerization; they occur almost si- 
multaneously, forming the following inter- 
mediates: ethoxy (-Mg-OEt),  hydroxy 
(-MgOH), and Mg(OH)2 groups. 

The reactions that occur are 

Hydrolysis 

Mg(OEt) 2 + H20---> 
Mg(OH)(OEt) + EtOH 

Mg(OH)(OEt) + H20--~ 
Mg(OH) 2 + EtOH 

Condensation 

-Mg -OEt  + m M g - O H  --~ 
- M g - O - M g -  + EtOH 

- M g - O H  + - M g - O H  --~ 

- M g - O - M g -  + H20 

-Mg -OEt  + -Mg-OEt  -~ 

- M g - O - M g  + EtOEt 

Ethanol acts as a solvent; it is obtained as 
a subproduct, and furthermore the quantity 
of alcohol present is involved in the reaction 
equilibrium. 

The resultant gel is thermally treated at 
different temperatures, causing a dehydrox- 
ylation of the surface, until magnesium ox- 
ide is obtained. The dehydroxylation is stud- 
ied by IR spectroscopy, DTA, TGA, and 
X-ray diffraction. 

EXPERIMENTAL 

Synthesis ofMg(OEt) 2. Mg (0.21 mole) is 
refluxed at constant agitation, with 1.7 
moles of anhydrous ethylic alcohol and 3.9 
× 10 -4 mole of iodine. After 24 h of reac- 
tion, 6.82 mole of ethanol is added, continu- 
ing the reaction until all metallic magnesium 
has disappeared. The product is a white 
powder of magnesium ethoxide. 

Synthesis of MgO gels. Mg(OEt) 2 (0.05 
mole) is refluxed with 0.25 mole of H20 and 
0.85 mole of ethanol under constant agita- 
tion. After 10 min of reaction, a hydrolysis 
catalyst is added to the solution: (a) 0.02 

TABLE l 

Specific Surface Area (mE/g) for Different Solids as a 
Function of pH and Calcination Temperature 

Temperature HCI CH3COOH H2C204 No catalyst NH4OH 
(°C) pH 3 pH 5 pH 5 pH 7 pH 9 

300 44.48 24.19 35.60 - -  67.90 
600 - -  15.40 18.50 29.80 31.21 
990 6.40 2.60 11.80 12.40 14.60 

mole of hydrochloric acid (pH 3); (b) 0.02 
mole of acetic acid (pH 5); (c) 0.02 mole of 
oxalic acid (pH 5); (d) 0.02 mole of ammo- 
nium hydroxide (pH 9); (e) no catalyst (pH 
7). The various solutions are kept at reflux 
and under constant agitation until they gel. 
The products obtained are dried at 70°C for 
12 h and subsequently treated thermically at 
300, 600, and 900°C for 72 h. 

CHARACTERIZATION 

Solids were studied by IR spectroscopy 
in a Nicolet MX-1 unit, using pellets of KBr. 
To avoid a possible reaction between the 
KBr and the MgO during the thermal treat- 
ments, the pellets were prepared with MgO 
samples previously heated for 72 h at differ- 
ent temperatures (300, 600, and 900°C). Pos- 
sible rehydroxylation of the MgO surface 
did not occur in our cell since the IR spectra 
obtained are the same as those in the case 
of pure MgO pellets; however, the transmit- 
tance under these conditions was very poor. 
A Shimadzu analyzer and a Siemens diffrac- 
tometer were used for DTA and TGA and 
for X-ray diffraction, respectively. 

The BET areas were determined in a Per- 
kin-Elmer sorptometer with N2 adsorption 
at 77.5 K. The surface areas for the various 
catalysts are reported in Table 1, where tem- 
perature and pH effects can also be ob- 
served. Micrographs were obtained with a 
scanning Phillips microscope. 

RESULTS AND DISCUSSION 

Infrared Spectroscopy 

IR vibrations associated with the hy- 
droxyl group produce several absorption 
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FIG. 1. IR spectra of MgO gels synthetized at pH (a) 
3 (HC1); (b) 5 (CH3COOH); (c) 5 (H2C204); (d) 7 (H20); 
(e) 9 (NH4OH). 

bands, which are separable in the region 
4000 to 3000 c m  - l .  Kirklin et al. (12) estab- 
lished the existence of eight absorption 
peaks in this region and they ascribed them 
to the OH groups that are found, in different 
forms, in the magnesia surface. 

At 3699 cm- 1, a narrow and intense band, 
associated to an OH frequency that does not 
form an hydrogen bond, appears in all gels 
(Fig. 1). In MgO synthesis by the sol-gel 
process, hydrolysis is improved by the pres- 
ence of acid and basic catalysts, leading to 
Mg(OH)~ formation that persists after the 
gelation. Kirklin et al. (12) attributed it to a 
precipitation of Mg(OH)2 in the oxide; this 
idea was further supported by Glass and 
Searle (13) and Sibley et al. (14). 

When gels are prepared at pH 3, five 
peaks are observed at 3682, 3652, 3624, 
3603, and 3574 cm-1, due to the existence 
of species with weak hydrogen bonds which 
absorb between 3640 and 3500 cm-l .  The 
primary hydroxyl groups that form hydro- 

gen bonds absorb in the limit of higher fre- 
quency of this region (3640 cm-~); as the 
bond between oxygen and hydrogen pro- 
gressively weakens, peaks appear at lower 
frequencies (Fig. la). Aelion et al. (15) find 
that when a metallic alkoxide is catalyzed 
by HCI, hydrolysis is favored as acid con- 
centration in the reaction increases. In this 
work, the amount of HCI added will permit 
a totally hydroxylated surface after MgO 
formation, and is due to the appearance of 
the aforementioned five bands; this phe- 
nomenon is not observed when the pH of 
the reaction is increased. 

At 3475 cm- 1, a wide intense band exists, 
associated to OH vibration due to HzO in 
the air. 

When the pH is increased to 5 with acetic 
acid, the number of peaks in this region de- 
creases (Fig. lb), and only vibrations at 
3605, 3563, and 3444 cm- t are found. These 
bands are shifted to lower wavenumbers be- 
cause weaker hydrogen bonds are estab- 
lished. At a lower H ÷ concentration that 
catalyzes the hydrolysis reaction, the result 
is an oxide with a partially hydroxyled sur- 
face. However, when the catalyst is oxalic 
acid, the band of free OH weakens and new 
bands appear at lower frequencies, which 
indicates the existence of vacancies in MgO. 
In Fig. lc two peaks are observed, at 3412 
and 3371 cm- 1. This separation of the band 
in two occurs only when the oxalate ion is 
involved, since it behaves as a strong ligand 
and becomes complexed in the oxide net- 
work. The oxalate coordinates with the 
metal and vacancies are produced. As evi- 
dence of this coordination, characteristic 
bands of carbonyl groups appear at 1671 
and 1646 cm-~ and are shifted toward low 
frequency regions (Fig. 5). When the car- 
bonyl group is coordinated, the absorption 
of CO is shifted toward low frequency, be- 
cause it tends to diminish the double bond 
character. However, in the pure oxalic acid, 
the band appears at 1700 cm -~. 

At pH 7, the OH peak intensity increases, 
and another one appears at 3649 cm -~. The 



78 LOPEZ, GARCIA-CRUZ, AND GOMEZ 

3384 cm-I peak related to the OH in the 
surface absorption at 3384 cm- 1 is observed 
(Fig. ld), because few OH exist united to 
the surface. 

When the reaction occurs at pH 9, a nu- 
cleophilic substitution takes place to form 
-MgO- species. Condensation occurs more 
rapidly than hydrolysis, and therefore par- 
tially hydrolyzed monomers are polymer- 
ized. The reaction occurs more often among 
protonated species than among nonproton- 
ated ones. 

-MgO- + HO-Mg-  

- M g - O - M g -  + OH- 

The surface of the product will be slightly 
hydroxylated and the solid will have an ap- 
preciable quantity of HzO and organic 
groups included in its structure. In the 1R 
spectrum, bands at 3699, 3643, and 3419 
cm -1 are observed (Fig, le). 

Effect of  Temperature on the 
Dehydroxylation Process 

Mineral acids, such as HC1, are particu- 
larly effective in catalyzing hydrolysis reac- 
tions of metallic alkoxides by an exothermic 
process that increases the reaction tempera- 
ture and reduces the condensation rate. For 
this reason, there is a large quantity of OH 
groups in the product. It has been shown 
that the terminal OH united to the network 
are more acidic than those placed in the 
center of the polymeric chain (16, 17). 

The IR spectra of oxides obtained at pH 
3 and thermally treated at different tempera- 
tures are shown in Fig. 2. 

At 300°C the number of peaks in the OH 
region decreases, and only one peak is ob- 
served at 3402 cm- 1 with a small shoulder at 
3623 cm-l.  At 600°C, this band is displaced 
toward higher frequencies (3410 cm-1) and 
its intensity decreases. When the solid is 
treated at 900°C there is no absorption in 
this region, which indicates that the MgO 
has been totally dehydroxylated. At low 
temperatures the characteristic OH flexion 
peak appears (1622 cm-1) due to the water in 
the air and hydroxyl groups on the surface. 

I i I I I I I 
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FIG. 2. IR spectra of MgO gels synthetized at pH 3 
with HCI treated at (a) room temperature; (b) 300°C; 
(c) 600°C; and (d) 900°C. 

This peak is not present at high tempera- 
tures. 

In these solids, very few ethoxy groups 
are tied to the network. For this reason, a 
low-intensity band, typical of a symmetrical 
C-H deformation, appears at 1433 cm -1. 
Due to the proximity of stretching ethylene 
bands and the ethyl asymmetrical stretching 
ones, only one band is observed; however, 
at 600°C it divides into two bands (1482 and 
1417 cm-1), which disappear at 900°C. 

Below 1000 cm- 1, two vibration bands of 
the Mg-O bond appear in a rather undefined 
manner, and are accompanied by a wide 
band when the temperature increases be- 
cause in ionic solids such as magnesium ox- 
ide, individual ion vibration is caused by the 
displacement of these ions with respect to 
those ions nearest to them. The resulting 
spectral bands are wide and are observed 
every time at lower energies, due to the ef- 
fect of the weight of the metallic ion. 

At basic pH, hydrolysis is inhibited, in- 
creasing the polymerization rate (Table 2). 
A large number of ethoxy groups are present 
in the final solid and the acidity of protons 
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TABLE 2 

Effect of the Catalyst on the Gelation Time 

HC1 CH3COOH H2C204 No NH4OH 
catalyst 

pH 3 5 5 7 9 
Gelation 89 48 67 70 21 

time (h) 

tied to the magnesia is increased as the ba- 
sicity of the other bounded groups decreases 
(Fig. 3). 

In the region 3000 to 4000 cm- 1, the effect 
is similar to the former case. At 300°C, a 
single absorption appears at 3410 cm-1 and 
decreases in intensity as the temperature 
increases. This band disappears at 900°C. 

Former studies support the idea that when 
organic substances exist in the synthesis, it 
is possible to find radicals tied to the surface 
(19, 20), causing vacancies in the oxide. As 
a consequence, two bands of high intensity 
are observed at 1491 and 1433 cm-1, differ- 
ing from the sample prepared with HCI, in 
which only a small band appears. It is very 
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FIG. 3. IR spect ra  of MgO gels obtained at  pH 9 with 

NH4OH treated at (a) room temperature; (b) 300°C; (c) 
600°C; and (d) 900°C. 
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FI6.4. IR spectra of MgO gels synthetized at pH 7 
and treated at (a) room temperature; (b) 300°C; (c) 
600°C; and (d) 900°C. 

important to note that interactions in the 
surface affect both the position and the in- 
tensity of the peaks. The ethylene group has 
two stretching vibrations: one symmetrical 
and the other an asymmetrical deformation. 
The stretching vibrations noted above are 
also observed. 

It is evident that these organic groups will 
be desorbed as the temperature increases; 
hence, the number of vacancies decreases. 
This leads to structural rearrangements in 
the oxide, due to the thermal treatment. At 
300°C, the peaks are shifted toward lower 
frequencies and their intensity decreases, 
until at 900°C only the typical MgO bands 
are observed. 

When the pH of the reaction is 7 (Fig. 
4), the gelling time increases relative to the 
catalyzed reaction by bases. The IR spectra 
of these samples are comparable to those 
obtained at pH 9; the only difference is that 
at 900°C a band is still observed at 3435 
cm-1, which suggests that the surface has 
not been totally dehydroxyled at that tem- 
perature. However, when the reaction is 
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FIG. 5. IR spectra of MgO gels synthetized at pH 5 
with H2C204 treated at (a) room temperature; (b) 300°C; 
(c) 600°C; and (d) 900°C. 

even at 600°C. In this case, the amount of 
Mg(OH) 2 contained in the oxide does not 
decompose under the thermal treatment. In 
some way the acetic acid appears to be stabi- 
lizing the hydroxide. Between those two 
bands a third one should appear at 3595 
cm-~, due to a stretching vibration of the 
carboxylic acid O-H.  However, no band 
exists in this region for this case. 

In both cases, with oxalic and acetic prep- 
arations, intense absorptions appear be- 
tween 1700 and 1500 cm-~ caused by sym- 
metrical and asymmetrical vibrations of the 
carbonyl groups. A band is present at 1031 
cm-1 (acetic acid) or at 1097 cm-1 (oxalic 
acid), due to a vibration outside of the OH 
plane on the acids. 

Between 1450 and 1260 cm-~ typical car- 
bon-hydrogen stretching vibration bands 
are observed. All of these bands disappear 
when the sample is heated. At 300°C the 
number of bands is reduced, but the car- 
bonyl group intensity remains nearly con- 

catalyzed by carboxylic acids, there is a dif- 
ferent effect in the OH absorption region. 
When the reaction is catalyzed by oxalic 
acid (Fig. 5) and the product is thermally 
treated at 300°C, the three bands between 
3200 and 2960 cm-l  caused by OH vacan- 
cies disappear. Only a small shoulder at 3180 
cm-t  remains and is assigned to a simple 
vacancy (13). In addition, a strong absorp- 
tion peak appears at 3410 cm-~, accompa- 
nied by a small peak at 3582 cm- ], indicating 
that at this temperature part ofMg(OH) 2 still 
exists, precipitated in the MgO. When the 
sample is treated at 600°C, the vacancy 
peaks no longer exist and the one at 3410 
cm-  1 diminishes in intensity. At 900°C there 
is no absorption in this region, which indi- 
cates that the magnesium oxide is entirely 
dehydroxylated (Fig. 5). 

When acetic acid is used (Fig. 6) in the 
support preparation and the product is 
heated at 300°C, two intense peaks are ob- 
served at 3632 and 3402 cm-~ and persist 

'l 
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FIG. 6. IR spectra of MgO gels synthetized at pH 5 
with CH3COOH treated at (a) room temperature; (b) 
300°C; (c) 600°C; and (d) 900°C. 
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FIG. 7. Thermogram of MgO obtained at pH 3 (HC1). 

stant. At 600°C the C - H  stretching bands 
are no longer observable and those of the 
carbonyl group have almost disappeared. At 
900°C there is no absorption in this region, 
and only the Mg-O vibrations can be ob- 
served. 

TGA and DTA of MgO Gels Synthesized 
at Different pH 

pH 3. The endothermic peak observed at 
tl0°C (Fig. 7) is attributed to vaporization 
of water and ethylic alcohol physically ab- 
sorbed in the solid. A second endothermic 
peak appears at 190°C, which is due to va- 
porization of alkoxy residual groups as well 
as to desorption of OH groups that are more 
weakly tied to the solid. 

At 370 and 435°C, two more peaks which 
are caused by the total dehydroxylation of 
MgO appear. This oxide undergoes two 
equally important weight changes, the first 
one being 19.4% and the second one 26%. 
The latter occurs in a temperature range 
from 200 to 540°C. These results are in 
agreement with the infrared ones. At these 
temperatures the most surface structure 
transformations occur (Fig. 2). 

pH 5. As previously mentioned, this pH 
was obtained by using two different carbox- 
ylic acids. When acetic acid is used as the 
hydrolysis catalyst, a pronounced endother- 
mic peak appears in the thermogram at 
145°C, accompanied by a small shoulder at 
228°C. However, when the catalyst is oxalic 
acid, the first endothermic peak is displaced 
to 165°C and its size diminishes almost com- 
pletely. The other peak increases and is ob- 
served at 225°C (Figs. 8 and 9). In one case, 
great quantities of water and ethanol are 
occluded in gel, whereas in the other, there 
is an excess of residual alkoxy and a great 
desorption of organic groups and carbonyls. 
At approximately 350 and 500°C, there are 
two endothermic peaks due to surface dehy- 
droxylation. In TGA, two weight losses are 
seen (15.5 and 34.9%) for gels synthetized 
with acetic acid and three in gels obtained 
with oxalic acid (17.8, 15.34, and 23.01%), 
due to the loss of two different carbonyl 
groups. 

TGA 
(rag) 

DTA 
°C 

I I i I I 
3OO 4OO 5OO 6OO 'T(*C) 

FIG. 8. Thermogram of MgO obtained at pH 5 
(CH3COOH). 
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FIG. 9. Thermogram of MgO obtained at pH 5 
( H 2 C 2 0 4 ) .  
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pH 7. At this pH value an interesting phe- 
nomenon occurs: most of the peaks ob- 
served in former thermograms disappear. 
Only a small endothermic peak at 185°C, 
which is accompanied by a weight loss of 
3.14%, and another peak at 375°C with a 
loss of 28.79% remain (Fig. 10). 

Gelation reactions do not occur in a basic 

TGA 
(mg) 

! I 
200 400 T(*C) 

FIG. 10. Thermogram of MgO obtained at pH 7 
(H20). 

TGA 
(mg) 

DTA 
°C 

FI6. 11. Thermogram of MgO obtained at pH 9 
(NH4OH). 

medium and, therefore, hydrolysis is af- 
fected. This leads to an increase in the con- 
densation or polymerization rates. In this 
case, a lesser quantity of H20 will be oc- 
cluded in the solid and a larger quantity of 
organic residues will be retained. These resi- 
dues carbonize at approximately the same 
dehydroxylation temperature, causing the 
large peak at 375°C. The small quantity of 
superficial OH groups in this sample results 
in the disappearance of the 500°C peak ob- 
served in the other cases. 

pH 9. The mechanism of nucleophilic sub- 
stitution that occurs at this pH value results 
in the formation of ethanol in the reaction 
equilibrium. This ethanol desorbs at 129°C, 
producing a small endothermic peak. In this 
case, most of the reactants have been con- 
verted and very few residual alkoxy groups 
are carbonized at 242°C. At 590°C two endo- 
thermic peaks, characteristic of dehydrox- 
ylation, are observed (Fig. 11). 

MORPHOLOGY OF THE MgO 

Several authors have found that the sup- 
port textural and structural properties can 
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influence the metal phase catalytic behavior 
(21-23). As is well known, the final state of 
a support is strongly dependent upon the 
method of preparation. The specific areas of 
the samples were measured in the usual way 
using the BET equation in Perkin-Elmer 
sorptometer equipment. Table 1 shows the 
area values as a function of pH, synthesis, 
and calcination temperature. 

The maximum area obtained is 68 m2/g 
for a gel treated at 300°C and synthesized 
using NH4OH as a catalyst. This higher area 
compared to the other samples is due to the 
residual organic groups which represent a 
much bigger volume than the hydroxyls. 
The smaller areas at acid pH values are due 
to the inverse phenomenon. 

X-ray diffraction patterns of samples 
treated at 900°C are identical in all cases and 
show three peaks characteristic of MgO 
[d: 2.11~ 1zl), 1.49~y °11), 1.22~ °°l)] with the ex- 
ception of the support prepared at pH 7. The 
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FIG. 13. X-ray diffraction patterns of MgO treated at 
900°C obtained at pH (a) 3 (HCI); (b) 5 (CH3COOH); 
(c) 5 (HzC204); (d) 7; and (e) 9 (NH4OH). 
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2 0  4 0  6 0  2 0  

FIG. 12. X-ray diffraction patterns of MgO treated at 
600°C obtained at pH (a) 3 (HC1); (b) 5 (CH3COOH); 
(c) 5 (H2CzO4); (d) 7; and (e) 9 (NH4OH). 

a 

A,, 

i i i i 

16 32  4 8  6 4  2G 

FIG. 14. X-ray diffraction patterns of MgO synthe- 
sized at pH 5 with oxalic acid and treated at (a) room 
temperature; (b) 300°C; (c) 600°C; and (d) 900°C. 
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FIG. 15. Scanning electron microscopy of MgO treated at 900°C: (a) pH 3 (HCI) and (b) pH 5 
(CH~COOH). 



MAGNESIUM OXIDE SYNTHESIS BY S O L- G EL METHOD 85 

peaks presented in this case are identified as 
Mg(OH)2 brucite type, which is indicative 
of a surface not completely dehydroxylated 
(Fig. 12). These results are in agreement 
with the infrared study. 

In Fig. 13 (900°C) the X-ray diffraction 
patterns show an increase of crystal size in 
terms of calcination temperature compared 
with the diffraction pattern at 600°C (Fig. 
12). Similar spectra are likewise observed 
for the samples at pH 3, 5, and 9. A singular 
case is that of the X-ray spectra of the sam- 
ples prepared with oxalic acid (Fig. 14). In 
this case at room temperature the character- 
istic MgO lines are not observed. Under 
these conditions the whole product is an 
amorphous xerogel. However, it shows 
MgC20 4 peaks at d 3.96 x, 5.188, and 2.428, 
because at this temperature, the oxalate is 
tied to the MgO, as discussed above. When 
xerogel is treated at 300°C, small peaks 
typical of  MgO appear in addition to 
those caused by Mg(OH) 2 brucite type, and 
cause those of magnesium oxalate to dis- 
appear. At 9000C only the MgO peaks are 
observed and as before, the size of the 
crystal increases with temperature of  
treatment. 

The pH at which synthesis is performed 
does not produce significant changes in mor- 
phology of MgO. In Fig. 15, the micrographs 
of the oxides prepared at pH 3 and 5 are 
shown. In both cases the same morphology 
is present and small cubic crystals can be 
observed. 

CONCLUSIONS 

The importance of the present article lies 
in establishing that MgO supports can be 
obtained by the sol-gel method at con- 
trolled pH, resulting in specifically hydrox- 
ylated samples. They can be used in study- 
ing the effects of the support on metallic 
catalytic activity, with the advantage of 
having supports that are free of residual 
impurities commonly present in the raw 
materials usually employed in traditional 
processes. The effects of these MgO sup- 

ports on catalytic activity will be dealt with 
in future work. 
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