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Abstract—Using the method of hydrothermal synthesis,the nanoparticles of magnesium–aluminum spinel were 
obtained with a crystallite size of 40–50 nm. The sequence was determined of the chemical transformations 
under hydrothermal conditions of the initial magnesium–aluminum hydroxides obtained by co-precipitation, 
leading to the formation of nanoparticles MgAl2O4.  

The phase relationships diagram for the system 
MgO–Al2O3–H2O built on the basis of the published 
data [1–7] (Fig. 1) shows that at low temperatures the 
products of reaction of the metal oxides with water are 
single and double hydroxides of magnesium and 
aluminum, and aluminum oxohydroxyde. With 
increasing temperature, these compounds decompose 
to form oxides. The magnesium and aluminum oxides 
form a single chemical compound, MgAl2O4. At 
elevated temperatures, the composition of this 
compound may deviate from the above stoichiometry, 
being enriched with magnesium oxide or aluminum 
oxide [3] (Fig. 1). The maximum deviation of the 
spinel phase composition from the stoichiometric ratio 
of oxides in the direction of enrichment of aluminum 
oxide to MgAl2+δO4+1.5δ corresponds to the value of δ = 
0.85 at T = 1900°C [3]. One explanation for the spinel 
large nonstoichiometry at high temperatures can be 
given based on a comparison of the data on the 
thermodynamic properties of aluminum oxide with the 
structure corundum (α-Al2O3) and spinel structure      
(γ-Al2O3). Thermodynamic analysis of α-Al2O3 and             
γ-Al2O3 phases stability [8] suggests that when 
approaching the melting point the thermodynamic 
stability of phases based on Al2O3 with the corundum 
is reduced relative to the phase with the spinel 
structure, and the values of the Gibbs energy of these 
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compounds near the melting temperature of aluminum 
oxide (Tm) become almost equal, that is,                    
ΔG(γ-Al2O3→α-Al2O3) = 0 at T ~ Tm. In this case, the 
Gibbs energy of formation of phase of variable 
composition MgAl2+δO4+1.5δ from the MgAl2O4 and            
α-Al2O3 components is also significantly reduced with 
increasing temperature owing to decreasing the value 
of ΔG(γ-Al2O3 → α-Al2O3) and, as it can be concluded 
from the results of thermodynamic study of the 
formation of phases of variable composition [9], we 
can expect a substantial increase in the solubility of 
aluminum oxide in the phase based on MgAl2O4. In 
addition, due to the proximity of values of Gibbs 
energies of α-Al2O3 and γ-Al2O3 near the melting point 
of aluminum oxide [8], we can expect the stabilization 
of phase with the structure of γ-Al2O3 at the dissolving 
MgAl2O4 in it.  

As can be seen from the data presented in [2, 4, 6, 8], 
for the Al2O3, AlOOH, and Al(OH)3 is typical a 
variety of structural forms, which depends mainly on 
the synthesis conditions of these compounds and the 
presence in them of certain impurities. Despite the 
variety of structural forms of aluminum hydroxide and 
oxohydroxyde, they all have a layered structure                
(Table 1) [2, 5].  
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For MgO and Mg(OH)2 is typical the stability of 
their structures regardless the impurity composition 
and the synthetic pre-history. The process of obtaining 
magnesium oxide and hydroxide is reflected only in 
the morphological characteristics of the formed phases 
[10–12].  

In [1, 13–20] was shown that at the co-precipitation 
of magnesium and aluminum hydroxides occurs the 
formation of layered double hydroxides (LDH), of the 
chemical formula which can be written as Mg1–x·                   
Alx(OH)2(An–)x/n·mH2O, where, An– is the interlayer 
anion, n is the anion charge, x is mole fraction, m is the 
number of H2O molecules per formula unit contained 
in the interlayer (Fig. 2) [13, 17, 21]. The Mg2+/Al3+ 
ratio can vary widely, and the magnitude of this 
relationship defines the LDH formation with the 
structure of hydrotalcite or gibbsite (Table 1).  

The authors of [16, 18–20] give various ranges of x 
for the compounds Mg1–xAlx(OH)2(An–)x/n·mH2O of the 
hydrotalcite structure, which is derived from the 
structure of brucite Mg(OH)2. According to [16, 20], 
this range is 0.17 < x < 0.33, in other sources [18, 19] 
the range of variation of the x values is broader: 0.1 <  
x < 0.5. In the brucite-like layers of hydrotalcite the 
metal atoms occupy statistically all octahedral 
positions [5]. Depending on the Mg2+/Al3+ ratio, occurs 
substitution of the Mg2+ ions located in the centers of 

the octahedron by the Al3+ ions, which generates an 
uncompensated positive charge in the layer. The 
anions needed for the compensation of the charge are 
located in the interlayer space, which includes also 
water molecules (Fig. 2a) [13, 16–18, 21]. The unit 
cell contains four layers of hydrotalcite, with each 
fourth layer repeating the first layer location.  

At higher proportion of Al3+ in the mixture of metal 
hydroxides precipitated together, along with the 
formation of hydrotalcite-like LDH is possible 
formation of hydroxides of complex composition, the 
structure of which, as pointed out in [7], is derived 
from the structure of bayerite α-Al(OH)3. The 
compound of this type with the chemical formula 
corresponding to MgAl2(OH)8, is formed at a co-
precipitation of the hydroxides at the ratio of                  
Mg2+/Al3+ < 0.5 [7]. The samples thus obtained are not 
single-phase, and along with MgAl2(OH)8 contain a 
number of hydrotalcite-like LDH and hydrated forms 
of aluminum oxide [7], depending on the Mg2+/Al3+ 

ratio. In [22] was shown that MgAl2(OH)8 has a 
layered structure of brucite-bayerite type. Subsequent 
work on the synthesis and determination of the 
structure of complex hydroxides based on the structure 
of [LiAl2(OH)6]nXn–, showed that in contrast to all 
hydrotalcite-like compounds in which the layers are 
formed by a bivalent metal hydroxide, the structure-

Chemical compound Structural form 

Mg(OH)2 
Brucite. Layered structure. Each layer consists of two parallel, flat sheets, folded through the OH– groups 
on the basis of the densest hexagonal packing, and Mg2+ ions located between the layers, occupying all the 
octahedral voids between the OH– sheets.  

Al(OH)3 
Layered structure. The layers of several distorted AlO6 octahedra connected to each other by common 
edges. The Al atoms occupy two thirds of the octahedral voids of the slightly distorted close packing of                        
O atoms.  
α-Al(OH)3 – Bayerite. All O atoms occupy slightly distorted hexagonal close packing.  
γ-Al(OH)3 – Gibbsite. The OH– groups on the lower side of one layer lie directly above the OH– groups of 
the layer below.  
Al(OH)3 – Nordstrandite. Displacement of layers is intermediate between bayerite and gibbsite.  

AlOOH α-AlOOH – Diaspore. Hexagonal close packing of O atoms. The Al atoms are arranged in two layers of 
the occupied octahedral positions, alternating with two layers of unoccupied ones in both dense package 
and perpendicular directions.  
γ-AlOOH – Boehmite. The Al atoms are located in the centers of slightly distorted octahedra, O atoms 
occupy five vertices, and OH– group occupies the sixth one. The octahedra are linked through common 
edges to form corrugated layers parallel to (010) plane. 

Mg1–xAlx(OH)2(An–)x/n·mH2O (x < 0.5): the LDH of the Mg6Al2(OH)16[An–]m·4H2O type, hydrotalcite structure. The layered brucite-like 
structure. The metal atoms are distributed statistically and occupy all octahedral positions. The water 
molecules and the (An–) groups are located in the intermediate layers.  
(x > 0.5): the LDH of the MgAl4(OH)12[An–]m·x H2O type. The layered gibbsite-like structure. Mg2+ 
cations occupy octahedral cavities in the gibbsite structure. The water molecules and the (An–) groups  are 
located in the intermediate layers.  

Table 1. Structure of layered hydroxides in the system of MgO–Al2O3–H2O  
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forming layers in these compounds are the layers of  
Al(OH)3 [23–26]. In this case, the cations of lithium, 
as in the case of compound MgAl2(OH)8 cations of 
magnesium, are located in the third free octahedral 
layered cavities existing in the gibbsite layer (Fig. 2b). 

Thus, the hydroxides of similar composition can not be 
attributed to the group of the hydrotalcite-like LDH.  

Comparing compounds MgAl2(OH)8 and MgAl2O4 
in respect of Mg2+/Al3+ ratio, is natural to assume that 
at the hydrothermal synthesis of magnesium–
aluminum spinel is advisable to obtain in the step of 
the preparation of the initial compositions, the copreci-
pitation of hydroxides, a compound of the MgAl2(OH)8 
composition, by the dehydroation of which in the area 
of the stability of spinel phase, apparently, can be 
obtained the compound MgAl2O4.  

The issues concerning impact of the conditions of 
formation of double hydroxides on their structure and 
characteristics of chemical transformations at the 
dehydration were not considered in the literature. 
There are only the works indicating that such com-
pounds have been obtained, or denoted to the deter-
mination of their structures [13–15, 19, 20, 22, 27, 28].  

Of particular interest are the studies of the effect of 
phase formation processes on the structure of matter in 
the cases when the formed compounds are in a 
nanosized state [29–31]. In such cases potentially can 
form the compounds with a structure which is not 
typical for their existence. For example, as shown in 
[32], at a temperature of 200–300°C are formed the 
ZrO2 nanocrystals in tetragonal or cubic forms, while 
at temperatures up to 1100°C the equilibrium 
modification of the zirconium dioxide is monoclinic 
[4, 6]. Also, the boundaries of isomorphous miscibility 
of components in the nanocrystals at low temperatures 
can be increased to the values characteristic of the 
high-temperature region, as observed, for example, for 
the ZrO2–In2O3 solid solution [33, 34]. In the same 
study was found a decrease of the indium hydroxide 
dehydration temperature due to structural stabilization 
of its oxide at the formation of a solid solution                 
Zr1–xInxO2–0.5x, since zirconium hydroxide dehydration 
occurs at much lower temperatures than the 
dehydration of In(OH)3 [3, 33].  

Fig. 1. Phase ratio diagram of the MgO–Al2O3–H2O 
system. 

(a)                                                 (b) 

Fig. 2. Structure of layered double hydroxides Mg1–xAlx(OH)2(An–)x/n·mH2O. (а) Hydrotalcite-like structure at x < 0.5. (Dark color)  
the positions of possible substitutions of the Mg2+ cations by Al3+ cations. (b) Hybbsite-like structure at  
x > 0.5. (Dark color)  the positions of incorpotation Mg2+ cations in Al(OH)3 lattice. 
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In [35, 36] has been shown that the ZrO2 
nanoparticles included in the Al2O3 matrix can under 
certain conditions prevent the aluminum oxide 
crystallization, that is, they perform the function of a 
stabilizer of the amorphous state of the matrix 
material. Thus, it is relevant to study the effect of 
nanoscale spatial constraints on the structural features 
of the substances.  

The formation mechanism and structure of the 
nanoparticles is affected also by the chemical and 
thermal history of the initial reaction system [37–39].  

The contributions of the size factor, chemical and 
thermal history of the initial reaction composition, 
synthesis conditions, the presence of the impurity 
components of different composition to the formation 
of nanoparticles of a specific structure are very 
individual in each case, as shown by numerous studies 
[40–44]. Of particular interest is the study of the phase 
formation processes in the cases where the difference 
in the Gibbs energy of the formation of nanoparticles 
with different structures is negligible, since such a 
system is close to the neutral equilibrium [45], when 
the role of kinetic factors in the formation of 
nanoparticles of a certain structure can be decisive. In 
particular, to such systems can be assigned the system 
of MgO–Al2O3–H2O in a region enriched with 
aluminum oxide.  

The possibility of formation of hydroxides of 
different structure and composition in the MgO–
Al2O3–H2O system at the stage of precipitation of the 
oxides from the solutions of corresponding salts allows 
us potentially to study the effect of structural 
continuity between the precursors and the products of 
the dehydration reaction, the oxohydroxydes and 
oxides, respectively. The study of phase formation 
processes in the MgO–Al2O3–H2O system at the 
dehydration of the co-precipitated metal hydroxides is 
of interest, in particular, in the case of hydrothermal 

treatment of the original composition, since the typical 
for the hydrothermal synthesis increase in the number 
of variable parameters makes the study more 
informative.  

To date, in the most studies on the phase formation 
in the MgO–Al2O3–H2O system is considered a 
relatively narrow range of variation in the Mg2+/Al3+ 

ratio, and, as a rule, is studied the region of the 
compositions with predominance of the Mg2+ cation 
[13, 16, 19].  

This work is aimed at the study of the formation of 
nanoparticles in the MgO–Al2O3–H2O system under 
hydrothermal conditions from the co-precipitated 
metal hydroxides, determination of the sequence of 
chemical transformations of the initially deposited 
compositions in supercritical conditions, the study of 
the influence of the chemical pre-history and the 
composition of the reaction mixture on the phase 
composition of the forming compounds.  

Table 2 shows the composition of the samples 
obtained by co-precipitation. Along with the synthesis 
of stoichiometric spinel (sample Ma1), of great interest 
is to study the possibility of forming non-stoi-
chiometric spinel MgAl2+δO4+1.5δ at the hydro-thermal 
dehydration of the corresponding LDH. In this regard, 
we obtained the source aluminum–magnesium 
hydroxides containing an excess of aluminum com-
pared to the stoichiometric spinel (samples MA2 and 
MA3). On the basis of X-ray diffraction of these 
samples (Figs. 3–5) we can conclude that the 
crystalline phases in the complex hydroxide is only 
that with the structure of the MgAl2(OH)8 type.  

After hydrothermal treatment of precipitates at 300°C 
under 500 atm ptessure occurs decomposition of 
MgAl2(OH)8 with the formation of hydrotalcite-type 
LDH with a layered structure of the Mg2Al(OH)7 and 
γ-AlOOH type (Figs. 3–5).  

Table 2. The samples composition 

Sample 
MgO:Al2O3 ratio in the 

synthesis, mol % 
Mg2+:Al3+ ratio in the 

synthesis, mol % 
MgO:Al2O3 ratio, XRD data, 

mol % 
Mg2+:Al3+ ratio, XRD data, 

mol % 

МА1 50:50 1:2 43.9:56.1 1:2.56 

МА2 40:60 1:3 37.2:62.8 1:3.38 

МА3 30:70 1:4.67 29.9:70.1 1:4.70 
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MgAl2(OH)8  → hydrotalcite-type LDH  

+ AlOOH + H2O.                            (1) 

The hydrotalcite-type LDH can be a hydroxide of 
the composition Mg1–xAlx(OH)2(An–)x/n·mH2O (x < 
0.5). The anions compensating the positive charge of 
the brusite-like layers can be the the ions NO3

– and  
OH–: Mg2Al(OH)7–x(NO3)x [7]. In the LDH, as a result 
of intercalation of the NO3

– ions, the interlayer distance 
may be considerably higher than in brucite. As shown 
in [16, 46], the introduction of ions in the interlayer 
space may lead to an increase in the LDH unit cell c 
parameter reflected by shifts of the peaks in the 
diffraction patterns (Figs. 3–5, curves 2, 3, 4).  

The reason for the formation of LDH of the             
Mg2Al(OH)7 type at the hydrothermal treatment at 
elevated temperature can apparently be explained by 
the similarity of its structure with the structure of 
brucite, which is the most thermally stable hydroxide 
in the Al(OH)3–Mg(OH)2 section (Fig. 1). In addition, 
there is an information about the high thermodynamic 
stability of hydrotalcite-like LDH [47].  

The decomposition reaction (1) results in the 
formation of γ-AlOOH, which under the reaction 
conditions corresponds to the equilibrium state (Fig. 1). 
When the hydrothermal treatment is carried out at a 
higher temperature, the particles of all forms of 
hydrated oxides grow in size, as evidenced by the 
narrowing of the reflections in the diffraction patterns 
(Figs. 3–5). Increase in the synthesis temperature to 
350°C does not results in changes in the phase 
composition of the powders. A difference is observed 
when temperature reaches 400°C (P = 500 atm). With 
these parameters of hydrothermal synthesis is formed a 
phase of magnesium–aluminum spinel. Note that the 
temperature of the MgAl2O4 formation from the co-
precipitated hydroxides at the thermal treatment in air, 
that was experimentally determined in [23, 24], is 
higher than required in the conditions of the 
hydrothermal synthesis. At the temperature exceeding 
350°C, the LDH of the Mg2Al(OH)7 type loses its 
stability (see Fig. 1) making possible the proceeding of 
several reactions leading to the formation of MgAl2O4. 
First of all, a direct interaction of Mg2Al(OH)7 with the 
aluminum oxohydroxyde formed in the stage of   
MgAl2(OH)8 decomposition is possible [reaction (1)], 
which results in the synthesis of magnesium–
aluminum spinel [reaction (2)]:  

Mg2Al(OH)7 + 3AlOOH 
      → 2MgAl2O4 + 5H2O.                          (2) 

2θ, deg 

2θ, deg 

2θ, deg 

Fig. 3. X-ray diffraction pattern of MA1 sample in the 
initial state (1) and after hydrothermal treatment at 500 atm: 
(2) 300°C, (3) 350°C, (4) 400°C, and (5) 450°C. 

Fig. 4. X-ray diffraction pattern of MA2 sample in the 
initial state (1) and after hydrothermal treatment at 500 atm: 
(2) 300°C, (3) 350°C, (4) 400°C, and (5) 450°C. 

Fig. 5. X-ray diffraction pattern of MA3 sample in the 
initial state (1) and after hydrothermal treatment at 500 atm: 
(2) 300°C, (3) 350°C, (4) 400°C, and (5) 450°C. 
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Another pathway of the formation of magnesium–
aluminum spinel can be represented as a sequence of 
the transformations:  

Mg2Al(OH)7 → 2Mg(OH)2 + AlOOH + H2O,        (3) 

 Mg(OH)2 + 2AlOOH → MgAl2O4 + 2H2O.         (4) 

Presumably, in the both [reactions (2), (4)] 
transformations the γ-AlOOH can be a nucleation 
point for the formation of MgAl2O4, because γ-AlOOH 
is similar by structure with the shpinel-like γ-Al2O3            
[2, 4], being its structural precursor at the dehydration.  

Summing up the reactions (1)–(4), the formation of 
magnesium–aluminum spinel from the initial 
hydroxide MgAl2(OH)8 can formally be written as 
[reaction (5)]:  

MgAl2(OH)8 → MgAl2O4 + 4H2O.                  (5) 

But studies showed that MgAl2(OH)8 does not 
transform immediately to MgAl2O4 in the dehydration 
reaction (5). Apparently, the decisive factor in the 
formation of spinel MgAl2O4 from MgAl2(OH)8 is not 
the similarity of the Mg2+/Al3+ component ratio in 
these compounds, but structural similarity of the more 
thermodynamically stable phases Mg2Al(OH)7 and      
γ-AlOOH with the parent compound MgAl2(OH)8. The 
structural similarity of the initial and intermediate 
compounds leads to the fact that the reaction (1) 
proceeds at a high rate [48], separating spatially the 
formed therewith precursors of Mg2Al(OH)7 and                    
γ-AlOOH. Formation of the MgAl2O4 spinel, which 
occurs at a higher temperature than occurs the      
MgAl2(OH)8 dehydration (Fig. 1) and therefore 
proceeds with the separation of the reactions (1) and 
(2)–(4) by the temperature fields may proceed in these 
conditions as a multistep process only.  

The direct formation of MgAl2O4 in the dehyd-
ration of MgAl2(OH)8 could be realized, apparently, 
either in the case of stability of the hydroxide below 
the temperature of the MgAl2O4 formation (that is, 
below 400°C) or when the rate of the temperature 
increase in the reaction system up to the temperature at 
which the dehydration of MgAl2(OH)8 along the reac-   
tion (5) becomes possible (relating to the conditions of 
hydrothermal treatment, this temperature corresponds 
to ~400°C at a pressure of about 500 atm) and the rate 
of the reaction (5) exceed significantly the rate of 
reaction (1). Note that carying out the synthesis in such 
a regime it could be, apparently, possible to perform 
the synthesis of non-stoichiometric spinel containing 
Al2O3 in excess. Figure 6 shows schematically the 

possible ways of chemical transformations of the 
original double hydroxides with the structure of the 
MgAl2(OH)8 type at the hydrothermal dehydration. 

The chemical transformations (1)–(5) describe only 
the region of formation of stoichiometric spinel and do 
not account for the excess of the aluminum-containing 
component that exists in the samples MA2 and MA3. 
The chemical reactions at the hydrothermal dehyd-
ration of these samples may differ from the 
dehydration of MgAl2(OH)8, either in the formation of 
non-stoichiometric spinel MgAl2+δO4+1.5δ, or in the 
formation, along with the stoichiometric spinel 
MgAl2O4, of addition phases on the basis of γ-AlOOH 
or α-Al2O3, in correspondence with the equilibrium 
conditions at corresponding temperatures (Fig. 1). 
Experimental results show that dehydration under the 
hydrothermal conditions of co-precipitated magnesium 
and aluminum hydroxides at a ratio of Mg2+/Al3+ ≤ 1/3 
(Table 2) leads to a mixture of phases (Figs. 4 and 5). 
Hydrothermal treatment of the samples MA2 and MA3 
at a high temperature (T = 400, 450°C, P =               
500 atm) leads to formation in the corresponding 
compositions of MgAl2O4 and α-Al2O3, which is fully 
consistent with the diagram of the equilibrium phase 
relations in the MgO–Al2O3–H2O system (Fig. 1). The 
crystallite size (coherent scattering areas) of the phases 
formed calculated by the Scherrer formula [49] from 
the width of the diffraction peaks (Figs. 3–5) is 40–           
50 nm for MgAl2O4 and 55–60 nm for α-Al2O3.  

The results obtained show that in the samples of 
MA2 and MA3, as well as in the sample of MA1, 
magnesium–aluminum spinel is synthesized from the 
co-precipitated magnesium and aluminum hydroxides 
through the formation of several intermediates (Figs. 4, 
5). The original double hydroxide with the structure of 
MgAl2(OH)8 type formed at the co-precipitation 
decomposes under hydrothermal conditions to form a 
structurally close hydrotalcite-like LDH and aluminum 
oxohydroxyde, which eventually are precursors in the 
formation of the spinel phase (Fig. 6). Direct transfer 
of the precipitated source compound into the phase of 
the magnesium–aluminum spinel with maintaining the 
predetermined ratio of the Mg2+ and Al3+ cations does 
not occur under the studied hydrothermal conditions, 
as follows from the X-ray diffraction data (Figs. 4, 5). 
As in the case of hydrothermal treatment of the source 
MA1 sample, this is caused apparently by the existence 
in the MgO–Al2O3–H2O system of the hydroxides 
similar in structure to the original LDH and, therefore, 
formed with a high rate at the decomposition of the 
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starting material [48], which differ in the stoichiometry 
from the composition of the synthesized spinel phase 
MgAl2+δO4+1.5δ. In this regard, the spinel formation 
from the intermediates can occur only through a step 
of mass transfer of the components from one phase to 
another, that is, rather slowly. In such circumstances, 
as a rule, are formed only equilibrium products, 
including in particular the stoichiometric spinel 
MgAl2O4 at the considered temperature of the 
synthesis, 400°C (Fig. 1). The nonstoichiometric spinel 
MgAl2+δO4+1.5δ can not form along the described 
mechanism of the process of dehydration of the initial 
composition (Fig. 6) in the temperature range of 
existence of the equilibrium MgAl2O4.  

Comparing the mechanism of formation of 
nanocrystals of MgAl2O4 proposed in this paper with 
the results of [6, 50, 51] on the formation of 
nanocrystals of ZrO2 and Al2O3, one can conclude that 
apparently the reason for the formation of 
nanoparticles in the structural forms that are non-
equilibrium in relation to the structure of the macro 
particles is, first of all, the genetic continuity of the 
initial materials and the structures of the formed from 
them nano-sized nuclei of a new phase.  

Thus, we can conclude that while in the case of 
genetic structural continuity of the parent and formed 
nanoparticles the phase formation occurs at a high rate 
and formation of the non-equilibrium phases is 
possible in these conditions, the nanoparticles are 
formed from spatially separated reactants, the process 

of phase formation slows, and the final product 
composition and structure correspond to the 
equilibrium state.  

EXPERIMENTAL 

Samples were prepared by precipitation with 
ammonium hydroxide of magnesium and aluminum 
hydroxides from the solutions of corresponding 
nitrates. The following initial substances were used: 
Mg(NO3)2·6H2O (GOST 11088-75), Al(NO3)3·9H2O 
(GOST 3757-75), 25% solution of NH4OH (GOST 
24147-80), distilled water (GOST 6709-72). The co-
precipitation was carried out by adding a solution of 
ammonium hydroxide to a solution of metal salts. For 
the study were selected compositions with the different 
molar ratio of magnesium and aluminum cations. The 
ratios recalculated on the MgO/Al2O3 oxides were 
50:50, 40:60, and 30:70 mol %. These ratios were 
selected on the basis of the data on the range of non-
stoichiometric compositions of magnesium–aluminum 
spinel (Fig. 1).  

The suspension of co-precipitated hydroxide was 
filtered and washed till the absence of ammonium and 
nitrate ions in the filtrate. The precipitates were dried 
at 60°C for 48 h. Hydrothermal processing of samples 
was carried out in the temperature range 300–450°C in 
50°C steps at a pressure of 500 atm for 4 h.  

The elemental composition of samples was 
determined by X-ray spectral microanalysis on a 

Fig. 6. Scheme of the possible chemical transformations at the dehydration of the LDH of MgAl2(OH)8 type under hydrothermal 
conditions. 
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scanning electron microscope Hitachi S-570 with a 
Bruker Quantax 200 microanalysis system.  

The phase composition of the samples was 
determined by X-ray diffraction (XRD) using a 
Shimadzu X-ray diffractometer XRD-7000, CuKα-
radiation (λ = 0.154051 nm.). Registering was carried 
out in the range of 2θ angles from 4º to 80°. 

The size of the crystallites was calculated using the 
Scherrer formula [49] from the broadening of the X-
ray diffraction peaks of the samples.  
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