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1. Introduction

Magnesium and its compounds are among the most 
common on Earth. These compounds are in the form of land 
minerals: carbonates, magnesites, and serpentinites. There 
are also manifestations of the mineral brucite. However, 
most magnesium compounds exist in the form of solutions of 
its salts in the waters of the seas and oceans, salt lakes and 
estuary, or in the form of bischofite ‒ a saturated solution of 
magnesium chloride [1]. The use of land minerals is quite dif-
ficult in the technological processes of their processing into 
target compounds – magnesium hydroxide and its oxide. The 
attention of scientists and technologists is attracted by the 
possibility of using natural solutions to obtain magnesium 
compounds from them, which are needed. Particular atten-
tion is paid to the technology of nanostructured magnesium 
hydroxide for the needs of the latest chemical technologies in 

organic chemistry, the extraction of compounds of valuable 
metals, in environmental and security means of meeting hu-
man needs.Studies into structure formation, the possibility 
of programming sediment processes are still relevant [2]. 
This is evidenced by the emergence of new research, tech-
nologies of the latest magnesium materials, expansion of 
production, increase in the volume of the production of mag-
nesium compounds in Russia, China, USA[3].

Among the technologies for obtaining magnesium com-
pounds, the most attractive are those that meet new areas of 
need for its highly pure and functional compounds. Increas-
ing the requirements for electrochemical properties in the 
production of components of electronics for the aerospace 
industry in the world requires sufficiently clean reagents [4]. 
Methods of preparation of such reagents are quite complex. 
Therefore, there is a need to use new reagents that are sim-
ple, genetically related to the raw materials and the target 
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In nature, magnesium compounds are distributed in the 
form of such minerals as dolomite, magnesite, serpentinite, 
brucite, and in the form of such solutions as sea and ocean 
waters, salt lakes, bischofite. The main popular magnesium 
compounds are its chloride, hydroxide, and oxide. The 
most common technology for obtaining magnesium hydroxide 
is based on the action of alkaline reagents on solutions 
of magnesium. However, the technology has significant 
drawbacks. The main issue is that magnesium hydroxide 
cannot be obtained free of impurity metal ions, and the 
sediment itself has an extremely low filtration rate from the 
solution in which it is formed.

Magnesium hydroxide is an excellent sorbent collector for 
the ions of most metals, so it is possible to utilize this property 
of absorption of magnesium hydroxide to produce other 
highly pure compounds, for medicine and pharmacopeia. 
This paper investigates the processes of alkaline hydrolysis 
of magnesium chloride and the formation of magnesium 
hydroxide sediment, the kinetics of processes, as well as the 
properties of sediments. Empirical formulas for sediment 
production parameters with a high filtration coefficient that 
exceeds the known values of 1•106 have been derived. The 
study reported here hasrevealed the possibility of obtaining 
in a relatively simple way highly pure chloride, hydroxide, 
and magnesium oxide, sodium chlorides, potassium, calcium, 
in which the impurity 3d metals content does not exceed the 
value as a percentage of (1‒4)•10-7. Due to the properties 
of highly pure magnesium compounds to the sorption of 
metal ions, it is possible to create reference samples of 
chemical elements for the needs of metrology. For example, to 
create MR phantoms to verify measurements and check the 
operation of magnetic resonance imaging (MRI) in medical 
institutions. Especially pure magnesium hydroxide can be 
used for instrumental methods of analytical chemistry (X-ray 
fluorescent, neutron-activation methods) when fabricating 
chemical references for testing laboratories.
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of the method of obtaining magnesium hydroxide from dilut-
ed solutions of sodium alkali chloride for composite materi-
als is given. The attention of scientists and technologists is 
attracted by the possibility of using natural solutions of mag-
nesium salts to obtain highly pure magnesium compounds 
for the pharmaceutical industry [13]. For society, this need 
has grown significantly, there are new, non-traditional med-
icines that have a multifunctional purpose in the context of 
the development of viral epidemics, so the experiments and 
production of highly pure raw materials for pharmaceuticals 
are of great importance.

High-purity magnesium hydroxide can serve as a materi-
al for sorption and sediment-matrix formation for other met-
al ions, which are determined by the analysis of substances 
and solutions. Thatcould increase the reliability of the re-
sults of X-ray fluorescent and atomic absorption tests [14]. It 
is shown that it is possible to create highly pure compounds 
for medicine (creation of MR phantoms for verification of 
measurements and verification of the work of magnetic reso-
nance imaging scanners) [15].

In the production of magnesium hydroxide in alkaline 
precipitate from its saline natural solutions, there are two 
features. It is shown that the first of them is that magnesium 
hydroxide has a sufficiently high ability to sorption of ion 
forms of most 3-d metals [16]. Thatmakes it possible to get 
solutions sufficiently free from foreign compounds, primarily 
3-d metals [17] at a satisfactory sediment filtration rate. The 
use of adsorbents of an extraneous nature and composition 
requires the cost of their synthesis and restoration of prop-
erties [18]. The second feature of the sediment is associated 
with its structure, which is significantly watered and has the 
ability to deform water layers and environmental pressure 
and slows down filtration [19]. The low rate of filtration 
when the sediment of magnesium hydroxide is separated 
from the uterine fluid has always been the subject of sepa-
rate studies and proposed methods of formation. To clean 
raw materials solutions, it is proposed to heat raw brine [20]. 
Partial deposition of magnesium hydroxide is known, which 
increases the filtration rate to 180 kg/m2 per hour [21]. In-
creasing the value of alkalinity to рН1012 during deposition 
leads to a decrease in the rate of filtration of magnesium 
hydroxide sediment, so it is important to regulate such 
deposition and not to carry it out understoichiometric con-
ditions.There are known methods to form the sediment of 
magnesium hydroxide under the conditions of using inactive 
alkaline reagents; the use of etching retur during deposition; 
the use of surfactants; heating the reaction volume; electrical 
deposition [22]. However such techniques to satisfy the fil-
tration of magnesium hydroxide significantly complicate the 
entire technology, making it unprofitable. It is also known that 
the ability to sorption of foreign metals-ions with magnesium 
hydroxide is influenced by the state of the structure of hydrox-
ide and the state of the forms of foreign metal-ions [23]. When 
an alkaline reagent is added to a magnesium solution, sediment 
is formed at a high rate, so foreign metal ions react mainly with 
the surface of magnesium hydroxide, without the participa-
tion of sorption-active centers of the sediment structure. It is 
important to ensure the conditions of uniform interaction of 
active centers in the structure of sediment with hydrolyzed 
forms of micro components. Work [15] earlier found that alka-
line deposition of up to 5 % of magnesium ions from the solution 
makes it possible to completely isolate impurity elements on 
hydroxide.An effective way to regulate the rate of formation 
of sediment of a uniform structure with effective centers is the 

product. The relevance of this study is associated with the 
development of new technology for obtaining sediment us-
ing the method of “Emerging reagent” and its subsequent 
application in the technology of obtaining highly pure mag-
nesium compounds. Simplification and cheapening of the 
existing technology for obtaining highly pure magnesium 
compounds is relevant for many sectors of society.

2. Literature review and problem statement

Taking into consideration the importance of the tech-
nology of obtaining magnesium hydroxide, an analysis of the 
state of scientific and experimental studies was carried out on 
the chemical aspects of obtaining it from solutions of its salts 
(mainly magnesium chloride). Technologies for obtaining 
high-purity magnesium hydroxide and magnesium oxide are 
rapidly developing in China regarding the use of magnesium 
hydroxide with a nanostructure to extract terbium lanthanide 
from solutions of strategic importance. In Russia, where there 
are various raw materials sources of magnesium compounds, 
they pay great attention to their production [5]. Perfect tech-
nologies have been developed and large production facilities 
have been organized, which are described with a significant 
amount of information in publications. However, along with 
the existing descriptions of a number of technologies, there are 
no descriptions of chemical processes used to ensure the pu-
rity of reagents, types of such reagents and their features, and 
choice justification. Paper [6] reports existing technologies 
in Russia, where the production of magnesium products has 
a large volume and is in demand, but there are no data on the 
methods of filtration of magnesium hydroxide and research 
into the degree of purification of reagents, raw materials. It is 
not specified how the issues of obtaining high purity products 
and the peculiarities of filtration in technology are solved. 
The exception is data from [5], which indicates the use of the 
most accessible alkali, as a solution of lime (calcium hydrox-
ide). However, it is known that the alkaline reagent calcium 
hydroxide also does not provide high-quality sediment of 
magnesium hydroxide, its purity. Fundamentally, it is impos-
sible to obtain lime free from impurities, although most tech-
nologies are based on the use of lime as an alkaline reagent. 
There are needs for obtaining heat-resistant plastics and 
fire-resistant products from them when using magnesium hy-
droxide and its oxide in the form of structures with nanoscale 
particles [6]. At the same time, there are no requirements for 
the technology and its features for obtaining particles of hy-
droxide and magnesium oxide, the effect of their size for fillers 
in plastics with refractory properties.

It is indicated that the technology of nanostructured 
magnesium hydroxide is of great importance [7]. The prop-
erties of MgO and Mg(OH)2nanostructured powders were 
studied in [8]. A greater advantage of nanostructured 
hydroxide is shown compared to that of a multilayer struc-
ture and with MgO properties. Methods of synthesis of 
products from nanostructured hydroxide are highlighted 
in work [9].The adsorption properties of the nanostruc-
tured Mg(OH)2and MgO were discussed in [10]. Work [11] 
reports methods for obtaining the nanostructure and the 
structure of [Mg]nclusters. Study [12] provides information 
about modern research in China on the use of magnesium hy-
droxide with a nanostructure to extract terbium lanthanoid 
from solutions of strategic importance. However, there is no 
information on research methods, only a general description 
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method of homogeneous deposition [23]. Consideration of all 
technological methods for obtaining magnesium hydroxide 
shows that the method of homogeneous deposition using a re-
agent arising throughout the reaction volume is lacking in the 
descriptions of magnesium compound technologies and is first 
proposed in the current paper.

The advantages of homogeneous deposition are that the 
sediment reagent agent is formed evenly throughout the solu-
tion and gradually achieves the pH value necessary for depo-
sition. Compared to ordinary, direct alkaline deposition yields 
large-crystalline sediments. An even more effective technique 
of uniform introduction of small concentrations of the sedimen-
tary is deposition from a homogeneous solution (homogeneous 
deposition) or a method of emerging reagents. In this method, 
the sediment agent is formed as a result of hydrolysis of a 
specially introduced reagent in a raw material solution. This 
method is called homogeneous deposition by the method of 
emerging reagents. Even those substances that, in an ordinary 
precipitate, form amorphous sediments, can be obtained in the 
form of crystals during homogeneous deposition. This type of 
deposition according to the method of emerging reagents makes 
it possible to obtain crystalline sediments of magnesium hy-
droxide with satisfactory adsorption and filtration properties.
This technology for the deposition of magnesium hydroxide 
from solutions has been proposed for the first time and has 
not been investigated by anyone. Therefore, it is important to 
confirm the declared theoretical foundations by experimental 
studies or refute them after receiving the results.

3. The aim and objectives of the study

The purpose of this study is to determine the processes of 
magnesium hydrolysis in highly concentrated solutions of its 
chloride. This would make it possible to obtain solutions of 
magnesium hydroxocomplexesas reagents for homogeneous 
deposition of magnesium hydroxide. Such sediment has a 
high filtration coefficient and satisfactory sorption prop-
erties, which are suitable for the technology of obtaining 
highly pure magnesium compounds.

To accomplish the aim, the following tasks have been set:
– to investigate the processes of alkaline hydrolysis of 

magnesium ions in a wide range of concentrations of its 
chloride and the conditions for the formation of solutions of 
magnesium hydroxocomplexes; 

– toexplore the possibility of using solutions of magne-
sium hydroxocomplexes as a reagent in the method of homo-
geneous formation of its hydroxide;

– to investigate the peculiarities of sedimentation of 
magnesium hydroxide, its structure, the sorption and filtra-
tion properties of sediments; 

– based on the results of the current research and their 
generalization to propose a simplified and cheaper scheme 
of technology for obtaining highly pure magnesium com-
pounds and several alkali metals.

4. The study materials and methods

To tackle the set tasks, it is necessary to establish the 
composition and structure of hydrolyzed magnesium forms, 
to investigate the peculiarities of the process of sedimentation 
of its hydroxide by the method of the emerging reagent. Exper-
iments were conducted with alkaline deposition of magnesium 

hydroxide from its chloride of varying degrees of concentra-
tion of 0.05–4.0 mol/dm3. In this case, a solution of sodium 
hydroxide of a constant concentration of 0.2 g/dm3 was used, 
which was added to the magnesium chloride solution.To study 
the processes of sedimentation, physical and chemical methods 
were used: solubility, conductometric and potentiometric titra-
tion, nephelometry, sedimentary volume, sedimentation analy-
sis method. When determining the composition of sediments, 
the method of residual concentrations, the preparation and an-
alytical method (a variant of the method of moisture sediment 
with an indifferent component) were also used.X-ray analysis 
of sediment samples was used to determine their composition 
and structure according to diffractogramsacquired from the 
diffractometer DRON0.5, radiation SI-Kἁ with a Ni-filter, the 
identification was carried out by the radiographic database 
ASTM. The size of sediment crystals (primary particles and 
formed crystals) was estimated by the spread of X-ray diffrac-
tion peaks according to the Debye-Scherrer formula.

Infrared IR spectra were obtained using the Spe-
kord-75 IR spectrometer. Samples were prepared by press-
ing tablets with dried at 150 °C compound KBr,grade 
“chemically pure 3‒4”, the spectra were recorded in the 
spectral region of 400–4000cm-1.

A comprehensive thermal analysis was carried out on 
the derivatograph of the PauliqueErdey system, made by 
IOM (Hungary). We examined the structure of sediments 
and their size by optical microscopy methods at the electron 
microscope H-500 of Hitachi(Japan). The optical microscope 
MP-6 with an object micrometer was also used. A statistical 
analysis of the obtained photos was carried out, which was 
supplemented by data from the sedimentation analysis.

The physicochemical characteristics of the sediments 
were defined as the results of filtration of the suspension of 
magnesium hydroxide when diluted in a Bunsencupin the 
corresponding vacuum system. The filter factor was deter-
mined from the formula:

Q=Kf∙S∙H/l∙t, (1)

whereQ is the volume of the filtrate, cm3; 
Kf is the filtration factor, cm/s; 
H isthe liquefaction under the filter, cm H2O; 
l  is the sediment thickness; 
t – the length of filtration, time.
Specific electrical conductivity was measured using the 

OR-201 conductometer. Potentiometric, pH-metric studies 
with the use of ion-selective electrodes were carried out at 
the device “pH-meter”,brandpH-340 (Belarus). Photo-elec-
tro-colorimetric measurements were carried out at the de-
vices SF-24 and KFC-3 (Russia). 

The processing of graphical dependences of the proper-
ties of magnesium hydroxide sediment on supersaturation, 
in order to find empirical formulas, was carried out by an 
alignment method.

5. Results of studying conditions for the production 
of magnesium hydroxide as an effective sorbent with 

different filtration properties 

5. 1. Investigating the hydrolysis of magnesium ions in 
the solutions of its chloride

To solve the specifiedtasks, experiments were con-
ducted with alkaline deposition of magnesium hydrox-
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ide from its chloride of various degrees of concentration, 
0.05‒4.0 mol/dm3; a solution of sodium hydroxide of a 
constant concentration of 0.2 g/dm3 was used. For mag-
nesium chloride concentrations (0.1–0.5 g/dm3), the ex-
istence of two main types of sediments at pH=8.22‒9.86 
was established. It was found that the first type of sedi-
ment, at the beginning of the deposition, with the product 
of solubility PS=(2,41‒2,64)∙10-10, corresponds to the 
known labile (active) form of magnesium hydroxide with 
PS=3.47∙10-10. The second type of sediment (at the end of 
deposition) with PS=(1,15‒1,54)∙10-11 most corresponds 
to the value for the crystallized form of hydroxide with 
PS=1,48∙10-10[24]. The values of the products of solubility 
of sediments calculated according to the results of exper-
iments were compared with those reported in chemical 
studies [25, 26]. Such results held for all concentrations 
of magnesium chloride in our experiments. It was found 
(there are no other data in the literature) that the active 
magnesium hydroxide has the ability to react with mag-
nesium chloride and pass into the solution (without the 
formation of a solid phase).

This ability to dissolve the labile form of magnesium 
hydroxide is noticeable already at a concentration of magne-
sium chloride of 1 g-ion/dm3 and increases with an increase 
in the initial concentration of magnesium chloride (Fig. 1).

Fig.	1.	Dependence	of	the	alkalinity	of	MgCl2	solutions	on	
their	concentration	when	magnesium	hydroxide	is	deposited

In this case, the concentrations of magnesium chloride 
of 1.0‒4.75 g-ion/dm3make it possible,after dissolving the 
active hydroxide, to form it with alkali again until the 
dissolution process stops. This formation of metastable 
solutions indicates the interaction of concentrated solu-
tions of magnesium chloride and the original labile form 
of magnesium hydroxide with the formation of magne-
sium hydroxocomplexes. The formation of such complexes 
corresponds to the theory of “core+link” [27]. The core 
is magnesium chloride (oxychloride), and the link is mag-
nesium hydroxide of the labile (active) form, according to 
the following scheme:

MgCl2 +2OH-→(active)Mg(OH)2+
+MgCl2→2MgOHCl→[Mg2(OH)2]Cl2,

[Mg2(OH)2]Cl2+
+(active).Mg(OH)2→[Mg3(OH)4]Cl2,

[Mg3(OH)4]Cl2+
+(active).Mg(OH)2→[Mg4(OH)6]Cl2,

…………………………………………………………………………..

[Mgn(OH)2n-2]Cl2+Mg(OH)2→
→[Mgn+1(OH)2n-2]Cl2([Mgn(OH)2n-2]Cl2).

According to the provisions of the theory “core+link”, 
it was found that magnesium ions in solutions can exist 
in the form of hydroxocomplexes of the general formu-
la [Mgn(OH)2n-2,]2+, where n=1, 2, 3, ..., corresponding to the 
composition of magnesium compounds, which eventually fall 
out of such metastable solutions of magnesium complexes. 
The comparison of the composition of such sediments shows 
their genetic correspondence to the composition of hydroxo-
complexes of the solution.

5. 2. Studyingthe sedimentation of magnesium hy-
droxide by the method of “Emerging reagent”

Further studies of the homogeneous formation of mag-
nesium hydroxide sediments according to the method of 
“Emerging reagent” showed that in the case of dilution of 
concentrated solutions of magnesium chloride containing 
hydroxocomplexes, magnesium hydroxide sediments occur 
according to the hydrolysis equation when diluting hydroxo-
complexes solutions according to the following scheme:

[Mgn(OH)2n-2]2++2H2O→nMg(OH)2+2H+.

These sediments have several specific properties and com-
positions depending on the time of their formation; the pro-
cess of sediment formation takes place in three stages (Fig. 2).

Fig.	2.	Formation	of	magnesium	hydroxide	sediment	during	
dilution	of	alkaline	solutions	MgCl2	from	4	to	0.5	mol/dm3,	τ	is	

the	sediment	formation	time,	min;	1	–	the	amount	of	Mg2+in	the	
sediment	(A),	%	of	the	initial	amount;	2	–	electrical	conductivity	

of	the	reaction	medium	(χ),	Ohm-1∙cm-1∙10-3;		
3	–	optical	density	(D);	4	–	pH	environment

We studied sediments at three main stages of formation, 
their composition, and properties based on experimental 
data. Such data were obtained by pH-metric methods, elec-
trical conductivity, optical properties (nephelometry) of the 
reaction medium. In addition, in the experiments, we used 
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instrumental methods of Infrared-spectroscopy, including 
deuteroanalogues(Fig. 3), X-ray structure and X-ray analy-
sis, thermography (Fig. 4), and electron microscopy (Fig. 5).

Fig.	3.	Infrared	spectra	of	magnesium	hydroxide	sediment	
phases:	1,	2	–	embryos;	3	–	primary	particles;	4	–	crystals	

of	magnesium	hydroxide;	5,	6	–	deuterated	samples	of	
embryos	and	crystals;	ν	–	wavenumber

Fig.	4.	Thermographic	analysis	of	sediment	samples	at	
different	stages	of	formation:	a ‒	change	in	the	temperature	

of	samples;	b	–	change	in	the	mass	of	samples;		
∆m,%	–	weight	loss	of	samples;	1	–	embryos;		

2	–	primary	particles;	3	–	crystals

Fig.	5.	The	cluster	structure	of	magnesium	hydroxide	
embryos	in	dilution	conditions

Infrared spectra (Fig. 3) allow us to draw conclusions 
about the composition and structure of solid phases of mag-
nesium hydroxide when diluting alkaline solutions of its chlo-
ride. For the embryo phase, fluctuations in water molecules 
include a number of absorption bands at 3400‒ν(OH)(H2O), 
1620‒1650‒δ(H2O), 545‒560 см–1‒ρ(H2O). Absorption 
bands in the region of 1020‒1220 cm–1 indicate deformation 
oscillation of coordinated Mg-OH+ hydroxogroups. Water 
molecules coordinated with OH-groups around magnesium 
atoms give a wide intense band at 3400 cm–1. Our calcu-
lation,based on the method from [28], for wavenumbers at 
3420 cm–1 and 3250 cm–1 give the value of hydrogen bond 
energy Ен(1)=19.2 and Ен(2)=9.42 kJ/mol.

These values differ from the hydrogen bond energy value 
for [Mg(OH)2]n– 8.82 kJ/mol, indicating the proton-donor 
nature of the embryos compared to the crystallized form 
of magnesium hydroxide. The absence of a band of valence 
oscillations of free hydroxidegroups at 3690 cm-1 indicates 
the absence of a crystalline sediment structure consisting  
of [Mg(OH)2]n.

The embryos are X-ray amorphous, unlike crystals, 
their thermographic analysis reveals (Fig. 4) that the re-
lease of structural water at 75–90 °C, Еactive=9.42 kJ/mol 
at 100‒140 °C, Еactive=19.6 kJ/mol. The stage of formation 
of primary particles of the second stage proceeds up to 
100 °C (activation energy, 28.5 kJ/mol, corresponding to 
Ен(1)+Ен(2) [28]. Thermal decomposition of crystals from 
the third stage of sediment proceeds at 412‒420 °C, when 
decomposing crystals from the third stage of sediment there is 
no dehydration. The decomposition of crystals during dilution 
is characterized by the activation energy of 113‒120 kJ/mol, 
as opposed to the decomposition of sediment from fragments 
of surface or linear groups, E=78.3‒87 kJ/mol, which indi-
cates a perfect structure, grown during dilution [29].

The composition of the embryos (phase 1 particles) cor-
responds to Mg4(OH)6Cl2∙8H2O with water molecules that 
give the embryos an active hydrogen bond and which are 
coordinated together with ОН-groups (Fig. 5). The struc-
ture of the embryos and their composition together with 
the obtained data can be imagined based on the structure of 
the lattice of magnesium hydroxide [29]. In the layers of the 
crystal lattice [30], a single isolated fragment is a cluster of 
composition [Mg4(OH)16]8-, which is the coordination octa-
hedron of hydroxide ions around each metal atom.

Such an octahedral structure persists in embryos, the 
composition of which, according to chemical, spectroscopic, 
and thermographic analyses, indicates the presence of ОН 
groups and coordinated water molecules around magnesium 
atoms. The embryo formula (phase 1 particles) corresponds 
to Mg4(OH)6Cl2∙8H2O with coordinated ОН groups and 
water molecules that give the embryos an active hydrogen 
bond. The embryos have the structure and composition of 
Mg4(OH)6Cl2∙8H2O with a critical embryo diameter of 
2‒3 nm, which corresponds to the average diameter of the 
formation of 4 magnesium atoms, 6 hydroxide groups, and 
8 water molecules [31].

At the first stage of sediment formation, the solution is 
turbid – the formation of embryonal sediment particles and 
a decrease in the pH of the solution. Subsequently, at the 
second stage, the transition of embryo particles into primary 
particles proceedsthrough their growth and polymerization 
to (30‒60) nm at a constant pH. At the third, final stage, 
the formation of sediment with the participation of particles 
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of the second stage and mononuclear hydroxocomplexes 
of magnesium MgOH+ bond continues. The formation of a 
crystalized stable structure by its oriented build-up from 
primary particles takes place after the transition of all em-
bryo particles into primary particles. Sedimentation ends 
with the coalescence of all primary particles into a stable 
crystalline structure of magnesium hydroxide with a crystal 
size of 1000–4000 nm. Such features of the formation of 
magnesium hydroxide sediment when diluting concentrated 
solutions of magnesium chloride, which contain alkaline 
magnesium complexes, are also evidenced by the data on the 
negative charge of embryo particles of sediment by the value 
of the suspension effect, ∆рН (Fig. 6).

Fig.6.Value	of	the	medium	pH	in	the	formation	of	Mg(OH)2	

when	diluting	alkaline	solutions	MgCl2:	1	–	pH	of	the	uterine	
solution;	2	–	suspension	pH;	3	–	∆рН=рНiner.sol.–рНsusp.

It is established that the formation of magnesium hy-
droxide sediment when concentrated solutions of magne-
sium chloride are diluted (more than 1.0 g-mol/dm3) takes 
place in a kinetic mode, with the order of reaction at the 
first stage n1=4; at the stage of crystallization, the reaction 
order is n2=20 [32]. The crystallization process is limited to 

+ −= 2
Mg OH / DRS a a  Mg(OH)2 supersaturation, where 2

Мgа +  is 
an active concentration of magnesium ions in the solution 
after dilution, which is determined using an ion-selective 
electrode, aOH

-is the active concentration of hydroxideions 
in the solution determined by the potentiometric method.

It was established that sediment with crystals of size 
1000‒4000 nm and, accordingly, with the filtration rate 
Kf=8∙10–3 m/h during the separation of the solid phase from 
the solution, can be obtained by observing the conditions of 
dilution of alkaline solutions of magnesium chloride.

The results of our studies testify that the most important 
indicator is the amount of supersaturation at the values of 
S≤20 (Fig. 7), which makes it possible to obtain large-crys-
talline sediment of the collector, which is satisfactory for 
rapid filtration and separation of the solution. The main 
filtration rate indicator,Kф=8∙10–3m/h, in this case, com-
pares favorably with the known values for magnesium hy-
droxide deposited with alkali, which have an average value 
of Kf=8∙10–9 m/h.

The size of prismatic crystals of magnesium hydroxide 
sediment is 1000–4000 nm (Fig. 7), and the size of sediment 
crystals in a normal alkaline deposition is 42–75 nm. The 
proposed method for studying the process of sedimentation 

of magnesium hydroxide is a method of emerging reagents, 
owing to which it is possible to obtain a large-crystalline 
precipitate. This method does not require the creation of any 
special conditions for it.

	
Fig.	7.	Dependence	of	the	properties	of	magnesium	

hydroxide	sediment	on	the	value	of	supersaturation,	dm3:		
1	–	the	size	of	sediment	crystals	(l,	μm);		
2	–	specific	filtration	rate	(V,	ml/min);		

3	–	filtration	factor	(Kf,	m/h∙10-3),	S	when	diluted	from	2.0	
to	0.1	mol/dm3

d                               e                               f 
 

Fig.	8.	Micrographs	of	magnesium	hydroxide	sediment	
particles	at	different	stages	of	deposition	under	dilution	

conditions:	a	–	embryos;	b	–	initial	particles;		
c,	d,	e	–	crystals;	f	–	crystals	of	alkaline	deposition.	Electron	

microscope	Hitachi	H-500,	coal	replicas.	Magnification,	
85,000	times

Mathematical processing by equalization [32] of graphic 
experimental data (Fig. 8) has made it possible to express the 
dependence of the properties of the sediment on the value of 
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the supersaturation, S, when diluted, in the form of empirical 
formulas:

l=60,3/S1,25,  (2)

where l is the sediment crystal size, mm;

V=620/S0,684,  (3)

whereVis the specific filtration rate, ml/min;

Kf=0,16/S1,4,   (4)

Where Kf is the filtration coefficient, m/g; S is the super-
saturation value.

5. 3. Investigating conditions for obtaining highly 
pure magnesium compounds

Regarding the influence of the properties of sediment 
particles before the removal of micro quantities of admix-
ture metal ions from the solution, it was established that the 
greatest ability to sorption is demonstrated by the particles 
of sediment of the first stage during the formation of the 
embryonic phase [12]. The embryos have a polymeric struc-
ture of Mg4(OH)6Cl2∙6H2O clusters (Fig. 5), which contain 
active hydroxide groups and water molecules, have hydrogen 
bonds, and are capable of chemical interaction (sorption) 
with forms of impurity metals hydrolyzed at pH~ 9.0.

Such interaction is basic and irreversible with further 
sedimentation and crystallization. Similar processes of in-
teraction of micro quantities of hydrolyzed ionic forms of 
metals with negatively charged surfaces of hydroxides are 
known from studies reported in [16]. 

The degree of purification of magnesium chloride solu-
tions depends both on the value of the original alkaline 
module ά=[ОН]/[Mg2+], and the final, after dilution, con-
centration of MgCl2 solution (Tables 1, 2).

Table	1

Dependence	of	MgCl2	solution	purity	on	the	conditions		
of	hydrolysis

Type

The content of impurities, wt. % (in terms of MgCl2)

[OH-]/[Mg2+] in the 
starting solution

[MgCl2] after dilution**,  
mol/dm3

0.02 0.05 0.10 3.0 2.0 1.0 0.5

Fe 5∙10-5 1∙10-6 3∙10-7 8∙10-5 2∙10-5 5∙10-7 1∙10-7

Mn 3∙10-5 5∙10-6 1∙10-6 5∙10-4 3∙10-5 1∙10-6 6∙10-7

Cu 1∙10-5 7∙10-6 1∙10-6 1∙10-4 2∙10-5 1∙10-6 2∙10-7

Ni 6∙10-5 5∙10-6 1∙10-7 1∙10-4 2∙10-6 8∙10-7 2∙10-7

Co 1∙10-5 2∙10-6 4∙10-7 8∙10-4 4∙10-5 1∙10-6 3∙10-7

Cr 2∙10-5 7∙10-6 1∙10-6 1∙10-4 2∙105 6∙10-6 4∙10-7

V 1∙10-5 1∙10-5 2∙10-6 1∙10-4 7∙10-5 1∙10-5 2∙10-6

B 5∙10-3 6∙10-5 6∙10-7 1∙10-2 3∙10-3 2∙10-5 1∙10-6

Ca 1∙10-3 2∙10-4 7∙10-6 5∙10-3 8∙10-4 1∙10-4 1∙10-5

S 1∙10-3 6∙10-4 3∙10-6 2∙10-3 6∙10-4 3∙10-4 5∙10-6

Note: * – MgCl2 concentration after dilution was 0.5 mol/dm3;  
** – the [ОН-]/[Mg2+] ratio in the original solution was 0.08

These values determine the composition and concentra-
tion of magnesium hydroxocomplexes and their interaction 
during hydrolysis in the process of diluting the MgCl2 solu-
tion (Table 1), which, as a result, determines the speed of the 

crystal building process and the properties of magnesium 
hydroxide sediment.

Table	2

Dependence	of	MgCl2	and	Mg	Opurity	under	optimal		
cleaning	conditions

Micro 
impuri-
ty type

The content of impurities, wt. % (in terms of  
MgCl2 and MgO)

MgCl2 * MgO **

Crude 
com-

pound

Puri-
fied 

com-
pound

Degree 
of puri-
fication

Crude 
com-

pound

Puri-
fied 

com-
pound

Degree 
of puri-
fication

Fe 2∙10-4 1∙10-7 2∙103 5∙10-4 5∙10-7 1∙103

Mn 2∙10-3 6∙10-7 3∙103 5∙10-3 1∙10-6 5∙103

Cu 5∙10-4 2∙10-7 3∙103 1∙10-3 1∙10-6 1∙103

Ni 3∙10-4 2∙10-7 2∙103 7∙10-4 2∙10-7 3∙103

Co 1∙10-3 3∙10-7 3∙103 2∙10-3 5∙10-7 4∙103

Cr 3∙10-3 4∙10-7 7∙103 7∙10-3 1∙10-6 7∙103

V 2∙10-4 2∙10-6 1∙102 5∙10-4 1∙10-6 5∙102

B 2∙10-2 1∙10-6 2∙104 5∙10-2 1∙10-6 5∙104

Ca 1∙10-2 1∙10-5 1∙103 1∙10-2 1∙10-5 1∙103

S 2∙10-3 5∙10-6 4∙102 5∙10-3 1∙10-5 5∙102

Note: * – MgCl2 concentration after dilution was 0.5 mol/dm3;  
** – the [ОН-]/[Mg2+] ratioin the original solution was 0.08

The data in Table 2 demonstrate that when depositing 
5–10 % of the original amount of magnesium when diluted 
to 0.5 mol/dm3, a high degree of purification of MgCl2 
solution from impurities and MgO from such solution is 
achieved.

5. 4. Schemes of technologies for obtaining highly 
pure compounds of magnesium and alkali metals

Alkaline polycondensation of magnesium ions in con-
centrated solutions of its chloride followed by dilution is a 
universal technique both for obtaining highly pure magne-
sium compounds in (Fig. 9) and for the possible purification 
of a number of salts – NaCl, KCl, CaCl2 in pharmacy and 
medicine (Fig. 10).

Such technologies do not require complex equipment and 
special procedures and can simply be mastered on the exist-
ing raw material base of a number ofgalurgical enterprisesin 
Ukraine. As for waste, it can also be used. The main one – 
magnesium hydroxide, as a collector of impurities of metal 
compounds in the given scheme, contains (wt%) (in terms 
of MgO):Fe – 4∙10-3, Mn – 4∙10-2,Cu – 1∙10-2, Ni – 6∙10-3,  
Co – 2∙10-2, Cr – 6∙10-2, V – 4∙10-2, B – 4∙10-1, Ca – 4∙10-2, S – 
3∙10-2. In each cleaning cycle, this collector is removed from 
the process and can be used for appropriate needs – the pro-
duction of heat-resistant ceramics, heat-insulating materials, 
transformer steel coating, etc. [1, 3]. The purified target solu-
tions of salts can be repeatedly treated to an ultra-high de-
gree of purity in accordance with the specific requirements 
and needs of the latest equipment in its production.Highly 
pure magnesium hydroxide can be used to concentrate 
metal ions and radionuclides on such a highly pure collector 
for chemical analyses regarding their contents. Sorption 
properties and satisfactory filtration rate are suitable for 
cleaning natural and technical solutions. The concentration 
of scattered elements, especially lanthanoids, expands their 
raw materials for the needs of the latest technology.
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Fig.	9.	Scheme	for	obtaining	highly	pure	compounds	MgCl2	
and	MgO

Variants of technological schemes for obtaining highly 
pure magnesium compounds, as well as salts of alkali met-
als (Figs. 9, 10) based on the studied hydrolytic processes in-
volving magnesium chloride and alkalis have been proposed.

6. Discussion of results of studying the hydroxide 
sediment processes

Our experimental results of the formation of magne-
sium hydroxide sediment by homogeneous deposition have 
confirmed the possibility and economic attractiveness of 
such technology for obtaining highly pure compounds of 
magnesium and alkali metals. The achieved values of the 
filtration coefficient exceed known ones from other studies 
by 1∙106, and the degree of purification of target products 
from impurities of 3-d metals reaches (1‒4)∙104 times. The 
experiments involving magnesium hydrolysis processes have 
shown the possibility of obtaining and applying a solution of 
hydrolyzed forms. Applying such a solution has shown that 
it is suitable for the method of emerging reagents in homo-
geneous deposition (Fig. 1). The use of the soluble reagent 
NaCl, KCl, CaCl2 leads to the gradual formation of sediment 
and its crystallization not locally but throughout the reac-
tion volume (Fig. 2). The initial particles of sediment carry 
out effective sorption of impurities of metal ions, which are 
removed by increased sediment of a crystalline shape with 
high filtration characteristics.

Existing and known methods of using magnesium hy-
droxocomplexes solutions as a reagent were not used before 
and were not known from the available literary sources. 
We believe that the research in this area is pioneering. The 
proposed technology was issued a patent of Ukraine for the 
invention [23].

The caveat of this research is the need for a more thor-
ough study of the properties of sediment at the stages of its 
formation, as well as its sorption capacity in solutions to 
several metal ions in exceptionally valuable technologies. 
We believe that such studies will be continued.

One shouldestablish the composition and structure of 
hydrolysis forms of magnesium, features of the process of 
sedimentation. In practice, such studies open upthe follow-
ing opportunities:

– obtaining highly pure compounds of magnesium, po-
tassium, sodium for the pharmaceutical industry and for 
medicine, with the content of admixture compounds in the 
form of 3-d metals no more than the value of 5∙10-7 as a per-
centage; 

– devising an effective technology for treatingthe solu-
tions and industrial wastewater from toxic and active met-
als, including radioactive substances, fire-resistant articles;

– creating the basis of technology of extraction and con-
centration of liquid and scattered metals for the needs of the 
latest technology.

The result of our studies is the proposal to use auxiliary 
reagents, not of extraneous nature and composition, but 
only those that are genetically related to raw materials with 
the sediment agent being a solution of hydrolyzed forms of 
magnesium in its chloride. In practice, such techniques are 
simple and not energy-consuming, and easy to execute.

Another very important result is to ensure the quality 
and reliability of results in establishing the content of metal 
ions in various objects by the methods of neutron-activation, 
X-ray-fluorescent, and atomic-absorption analyses. During 

 
   

 

 
  Fig.	10.	Scheme	for	obtaining	solutions	NaCl,	KCl,	CaCl2,	

pharmacopeial	purity
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analyses, it is very important that the matrix collector does 
not have the content of impurity metal ions, which can lead 
to false test results. Based on a highly pure matrix of mag-
nesium hydroxide, it is possible to manufacture reference 
samples for laboratory tests of various types of articles and 
to verifyprocedures for conducting chemical analyses.

Our experiments confirmed that it is possible to achieve 
high chemosorptional properties of magnesium hydroxide 
to most ions of impurity metals and the formation of mag-
nesium sorbent hydroxide with high filtration properties 
during the deposition of the crystalline structure of magne-
sium sorbent. The results and their numerical values show 
the effectiveness of the proposed technology. The practical 
aspect of the proposed technology relates, for example to the 
following:

– for extraction from solutions of especially rare concen-
trating elements and extraction of rare earth compounds of 
lanthanoid group; 

– or treating solutions and industrial wastewaters from 
toxic and active metals that are easily filtered on magnesium 
hydroxide.

– to obtain highly pure compounds for medical purposes; 
– to create heat-resistant plastics and fire-protectiveart-

icles, which is especially important in modern high-rise 
construction.

Our results related to obtaining hydrolyzed magnesium 
forms in the form of solutions of its hydroxocomplexes 
make it possible to apply them to obtain a highly effective 
collector of impurity 3-d metals with a high filtration coeffi-
cient, which has significant advantages compared to foreign 
sorbents that were used in [7, 8]. Unlike the use of foreign 
substances as a sorbent collector, the principle of formation 
of a sediment collector by the method of “Emerging reagent” 
makes it possible to use a chemically related sorption mate-
rial. Such application is quite simple in terms of the chemical 
nature of reagents and technological procedures since it is ef-
fective in cleaning solutions (Tables 1, 2), as well as in terms 
of the filtration properties of the sediment (Fig. 7).

The proposed solution for the formation of solutions 
of magnesium hydroxocomplexes and the use of them as a 
reagent to obtain magnesium hydroxide sediment accord-
ing to the “Emerging Reagent” method is new in the area 
of research into the technology of magnesium compounds. 
Therefore, we have accomplished our goal to obtain highly 
pure magnesium compounds and receive its hydroxide sedi-
ment as a collector for impurities of 3-d metals.

The limitations of the proposed technology include the 
need to use highly concentrated solutions of magnesium 
chloride at the stage of obtaining hydroxocomplexes.

During the experiments, we have not been able to deeply 
study the structure of the formation of magnesium hydroxide 
based on theembryo and primitive particles and the possi-

bility of programming and controlling this process at the 
crystallization stage.

The current research can be advanced using the method 
of concentration and isolation from solutions of scattered and 
liquid metals, which are highly needed for new technologies.

7. Conclusions

1. Our study into the hydrolysis of magnesium ions in a 
wide range of concentrations has established that the primary 
product of hydrolysis is magnesium hydroxide in the labile (ac-
tive) form. At a magnesium chloride concentration larger than 
1 mol/dm3, the labile form of hydroxide interacts with magne-
sium chloride and forms soluble hydroxocomplexes.

2. When a solution of hydroxocomplexesis diluted with 
water or a weak solution of magnesium chloride, accord-
ing to the method of emerging reagents, the sediment of 
its hydroxide is formed. The formation of magnesium hy-
droxide sediment takes place gradually according to the 
scheme of homogeneous deposition: embryos→primarypar-
ticles→crystals. The crystals themselves are formed from 
primary nanoparticles measuring 40–60 nm.

3. The embryos and primary particles are the most sorp-
tion active to 3d metal ions, irreversible sorption remains in 
the formation of sediment crystals, the degree of concentra-
tion is 1∙104 times.

4. The formation of crystals measuring 1000–4000 nm 
can significantly increase the filtration process from 
the uterine solution. The filtration factor increases from 
Kf=8∙10–9 m/h to Kf=8∙10–3 m/h.

Our research results are suitable for technologies for 
obtaining highly pure magnesium compounds from various 
types of raw materials containing magnesium ions. Under-
lying the proposed technology is the application of the con-
centrated solutions of magnesium chloride hydrolyzed with 
alkali and saturated with magnesium hydroxocomplexes. 
The difference in technologies is combining different meth-
ods of their use (dilution) depending on the concentration 
of magnesium in the raw material or already in the purified 
solution of magnesium salt.
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