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Abstract
Magnesium and its alloys are widely used in creation of chemical sources of current, because possesses

a number of characteristics: highly negative standart potential, low equivalent weight, high melting point,
low cost, relative abundance, ease of handling, machining, and disposal, and low toxicity of most its
compounds. Therefore study of magnesium behavior and isolation is actually and perspective. However
results of researches in this area are separated and have no a general direction. In this connection, the
given article supposes by the purpose to generalize last achievements, available in the modern literature in
electrochemistry of magnesium and its alloys in non-aqueous media.

Introduction

The development and tendency of using non-
aqueous solvents as media for realization of elec-
trochemical processes on active metals

Investigation of non-aqueous solutions is of great
importance in the development of many branches of
the general theory of solutions [1]. Practical
importance of non-aqueous solutions as media for
analytical determinations, realization of various syn-
theses and electrochemical processes has considerably
increased recently. Investigations of electrochemical
processes in non-aqueous media do not only contribute
to our knowledge about their nature, but also fre-
quently allow to carry out processes which do not
proceed in aqueous solutions [2]. This arouses a height-
ened interest of chemists as well as representatives of
other branches of natural sciences for the problem of
non-aqueous solutions. This interest is reflected in
the growth of the number of papers devoted to non-
aqueous solutions that is remarkably noticeable even
against the increased amount of information in the
field of chemistry. However, the number of generali-
zations - monographs or survey articles - in the field
of chemistry of non-aqueous solutions does not answer
the abundance of the accumulated information yet.
This circumstance is one of the reasons that induced
the authors to write the given paper.

The investigations of non-aqueous solutions be-
gun as far back as the forties  [3] attracted chemist’s,
attention at once first of all with their doubtless
originality and the use of some of them has
considerably expanded the variety of possible elec-
trochemical reactions. In particular, some non-aque-
ous solvents are much more effective, than water, es-
pecially in reactions of organic and metal-organic
compounds. Many of them are oxidized or reduced
with more difficulty, than water and, hence, can be
used in a wider range of potentials. Many compounds
being inert in water can become active in other sol-
vents and, on the contrary, compounds reacting with
water, for example, alkaline metals, in non-aqueous
solvents can be stable [4].

Non-aqueous solvents are characterized by an ex-
tremely wide range of various properties [5], depend-
ing on different nature of intermolecular interactions.
Due to the peculiarities of interparticle interactions
the role of association and specific solvation processes
is of great importance for them. The use of the non-
aqueous solvents has required new theoretical and
experimental approaches to researches. This situa-
tion is aggravated by great methodical difficulties of
work with dehydrated solvents, the necessity to de-
velop new special experimental engineering, impos-
sibility to use directly the great theoretical and ex-
perimental material obtained in aqueous solutions.

The perspectives of the development of the
chemistry of non-aqueous solutions are conditioned
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by the necessity to study the ways of creation and
introduction of new materials as well as intensifica-
tion of the existing methods of material production in
various industries. As a result, the problems of opti-
mization of these processes, ecology and creation of
wasteless technologies, realization of processes prin-
cipally impossible in aqueous solutions are solved.

A development of modern engineering is based on
the use of new substances and materials having a
complex of physicochemical properties. New groups
of chemical sources of current (CSC)  [6] are being
developed. Now these are the sources of current in
which alkaline and alkaline earth metals are used, and
those with solid electrolytes having ionic conductivity.
The application of such metals as negative electrodes
of the current source  has always been attractive be-
cause of high negative potential and large exchange
currents. However, in water solutions the use of these
metals is encountered with extremely great difficul-
ties. In modern variants of  current sources with al-
kaline and alkaline earth metals salt alloys, organic
(aprotonic solvents) or solid electrolytes are used, the
second and the third ones being the most perspective.
In CSC with aprotonic solvents as the anode lithium
(magnesium) is used, that allows to achieve signifi-
cant values of electromotive force (EMF) (up to 3-
4 V) and high values of specific energy. Halides,
sulphides, metal oxides and other compounds are used
as the material for the cathode. Attempts are being
made to create accumulators using lithium (magne-
sium) electrode in electrolytes on the basis of aprotonic
solvents. Lithium sources of current are widely used
as power supply for radioelectronic equipment, elec-
trical clocks.

Over the past 25 years, a considerable amount of
attention has been paid to the use of alkali metals,
particularly Li [7], in non-aqueous secondary batter-
ies, but comparatively little work has been done with
the alkaline earth metals. In work Thomas et. al.[8]
non-aqueous electrochemistry of magnesium in more
details is considered and assess the feasibility of
constructing a secondary battery operable at ambient
temperatures. For receiving of such battery the fol-
lowing components in work are used: anodes on the
basis of magnesium or its alloys, positive electrode
(PE), which are capable reversible to intercalate of
magnesium, electrolytes – organomagnesium halide
compounds (methyl-, ethyl-, butyl magnesium
chloride) in tetrahydrofuran (THF) It is noted, that
the number of combinations of the solvent, electro-
lyte and PE for which satisfactory characteristics can

be achieved is limited in comparison with alkaline
metals. Sulphides, oxides and borides of transition
metals as PE are considered. The behavior of magne-
sium in THF solutions is analysed. Is shown that elec-
trolytes in which magnesium is deposited and dis-
solved frequently contain magnesium-organic
compounds, ethers or amines. Ethers and amines are
unstable in the presence of oxides and sulphides of
transition metals.

In this connection, researchers showed a keen in-
terest in the study of electrochemical behavior of vari-
ous metals in non-aqueous solutions. One of these
metals is magnesium being a promising anode mate-
rial by a number of parameters when creating CSC,
and, consequently, the study of its behavior in non-
aqueous solutions of electrolytes is a perspective di-
rection in electrochemistry.

The purpose of the given work is the generaliza-
tion of theoretical and experimental data in the field
of electrochemical behavior of magnesium and its al-
loys in non-aqueous systems.

Magnesium corrosion processes in non-aqueous
solutions

All main properties of a magnesium electrode at
polarization are determined first of all by the proper-
ties of surface formations on account of corrosion.

The investigation [9] of the behavior of magne-
sium and its amalgam in electrolytes on the basis of
dimethyl formamide (DMF), acetonitrile (AN) and
propylene carbonate (PC) containing oxygen and
water additives showed that even in carefully puri-
fied solutions electrode process rate constant is very
small owing to, presumably, the passivation of the
surface on account of the reaction with the solvent.
This is confirmed by the fact, that constant renovation
of magnesium electrode surface in Mg(ClO4)2 solu-
tions in PC and AN results in the shift of a stationary
potential to the negative part and the increase of kinetic
characteristics of the electrochemical process [10]. It
follows from this that the kinetics of the electrode
process is determined by a charge transfer through a
film, and the stationary potential depends on the ratio
of its cationic and electrode conductivity. In work [11]
it is shown, that the electrode potentials of lithium
and magnesium are conditioned by uniformly proceed-
ing processes on the surface. The displacement of the
potential to the positive part from equilibrium is de-
termined by part of electronic conductivity of the film.
The stationary potential reaches equilibrium with the
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film conductivity becoming purely ionic, when the
contribution of the electronic component is negligi-
bly small.

The main increase of the film during corrosion oc-
curs in the first 2-4 hours [12]. Later on the process
becomes much slower as it was shown for Mg(ClO4)2

solutions in PC and AN.
Kedrynsky with his co-workers [13] investigated

the influence of surface formations on chemical and
electrochemical behavior of active metals, in particu-
lar, of lithium and magnesium. The rate and nature of
lithium and magnesium corrosion in electrolytes on
the basis of aprotonic bipolar solvents are determined.
The rate of anode dissolution of magnesium was found
to be four orders lower than that of lithium at small
polarization and two orders lower at large ones. It is
explained by an essential difference in cationic
conductivity of the surface film, and also by the
greater part of electronic conductivity of this film on
magnesium.

The electrochemical behavior of magnesium in
solutions of magnesium and lithium perchlorates in
PC, AN, nitromethane (NM) is investigated in [14].
The electrode potential of magnesium in electrolytes
on the basis of the above-mentioned solutions has the
properties of the stationary one [15]. The electro-
chemical behavior of magnesium in the solutions be-
ing studied was stated to be determined  by a passi-
vating film formed on the metal surface. The electro-
chemical behavior of magnesium at constant updat-
ing of the surface under the solution is satisfactorily
described from the point of view of a charge transfer
through a film. The study of magnesium activation
by different methods (cathode polarization, mechani-
cal removal of the film, the use of alloys) has shown
that it is practically impossible to reach the equilib-
rium state on the surface of the electrode. The pos-
sible reason of the presence of anode current maxi-
mum on potentiodynamic curves taken  after cathode
polarization, is the dissolution of magnesium depos-
ited from the solution. It is shown that at transition
from aqueous solutions to non-aqueous ones the de-
crease of capacity and substantial increase of film
resistance is observed.  Corrosion behavior of mag-
nesium essentially depends on the content of water
[16]. Water acts as the process activator: with the
increase of  its concentration in solutions from 0.01
up to 10 % (weight) the film becomes thinner and
changes its properties, as the capacity of the elec-
trode grows, and the resistance of the film decreases.
Currentless electrode potential of magnesium shifts

to a more negative area, and the anode dissolution is
considerably facilitated.

With the purpose of finding out the opportunities
of using magnesium as CSC anode material with elec-
trolytes on the basis of aprotonic donor solvents (ADS)
the values of stationary potentials (Еsp) of a rotating
disk electrode of magnesium in solutions of lithium
and magnesium perchlorate in PC, NM, AN [17] were
measured. It is shown that in  all cases the stationary
potential does not reach its equilibrium value because
of corrosion processes. The dependence of the sta-

tionary potential on of the electrode rotation speed

(w) and concentration of Мg2+ ions (С) is expressed

by the following ratio:

Еsp = A + (aRT/nF)×ln(W1/2 - lnС),

where A - сonst.

Magnesium corrosion process rate is supposed  to
be determined by the presence of corrosion-active sub-
stances, in particular, water admixtures. It is shown,
that the corrosion products form a film on the surface
of magnesium, the growth rate of which is described
by the logarithmic law.

Magnesium is corroded in these solutions with the
rate ~ 10-8 А/сm2 [16], most part of corrosion prod-
ucts being deposited on the metal surface. In the course
of corrosion rearrangement of the surface layer takes
place with the replacement of oxides by the products
of the reaction with electrolytes. Apparently, the sur-

face layer passivates the electrode as there is a wide

range of potentials (~ 1.5 V), where the rate of mag-

nesium charge - ionization processes does not depend

on the potential. The surface layer essentially

complicates the kinetic characteristics of magnesium
electrode. The linear dependence in semi-logarithmic
coordinates is only observed at constant scraping out
the surface of the electrode under the solution and is
satisfactorily explained from the point of view of the
related charge transfer through the film. On the bases
of the obtained data optimal conditions under which
magnesium can be used in CSC are  determined.

A similar linear dependence in Tafel coordinates
for magnesium electrode in thionyl-chloride is ob-
tained in [18]. High values of the slope angle in these
dependences are accounted by the author for the fact
that at polarization the main potential fall occurs in
the surface film and the exponential dependence be-
tween the current and the potential characterizes the
charge transfer through the film volume in the fields
of high strength. thionyl-chloride electrolyte
investigated in this work forms a film when interact-
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ing with magnesium consisting, mainly, of MgCl2.
Exposition of magnesium electrode in the solution is
shown to result in the considerable passivation of the
surface and superimposition of anode polarization
there occurs activation due to the destruction of the
film under the current. This phenomenon is well known
for a lithium electrode and determines the so-called
«voltage drop» in CSC. If the anode process in thionyl-
chloride solutions proceeds with a noticeable rate, the
cathode polarization of magnesium electrode in them
is superpressing that can be indicative of an extremely
low  cationic conductivity of the film as well as anionic
one. Comparison of cathode and anode processes in
thionyl-chloride solutions does not agree well with
the expected cationic conductivity of the film in the
anode process.

The behaviour of magnesium in thionyl-chloride
solutions is not only of practical interest but also at-
tracts by the fact that allows to a great extent to ex-
clude from consideration strong interactions between
magnesium cation and the main solvent being very
helpful when explaining cation transfer from the liquid
phase through the film during cathode polarization.

The cathode isolation of magnesium from non-
aqueous media

In the earlier work by Peled [19] it was shown that
in magnesium electrode polarization field up to 20
mV the current of cathode reduction is only little less
than the current of anode dissolution in Mg(AlCl4)2

and Mg(FeCl4)2 solutions in thionyl-chloride. Polar-
ization curves in this field are rectilinear which is ac-
counted for the transfer of magnesium cation through
the film volume. On chronopotentiograms of
galvanostatic isolation of magnesium on a nickel sup-
port in Mg(FeCl4)2 solutions in SOCl2 one can dis-
tinctly observ an area corresponding to the formation
of metal on the surface of nickel. When cutting of the
polarizing current the potential of the polarized nickel
electrode corresponds to the potential of compact
magnesium.

Both the anode dissolution and the cathode
reduction of magnesium in thionyl-chloride solutions
result in a considerable modification of the film, it
being the greater, the higher is polarization [18]. If
the anode polarization activates the process in time,
the cathode polarization results in its blocking. Tak-
ing into consideration the fact that in the first case the
boundary capacity grows and in the second one it
drops one can be formally speak about the decrease

of the film thickness at anode polarization and the
increase of it at cathode, but it is impossible to ex-
plain this from the point of view of cation transfer
through the film.

The problem of cathode isolation of magnesium
as well as other active (alkaline and alkaline earth)
metals is in the fact that the metal being isolated eas-
ily reacts with solution components, many of them
being often reduced at more positive electrode poten-
tials. This results in the fact that instead of isolation
of compact metal on the electrode one can observe
decomposition of the solvent accompanied, as a rule,
by the formation of layers of an insoluble product on
the surface. If alkaline metals, in particular lithium,
have a sufficiently high mobility of cation in the solid
phase of the product on the electrode surface that al-
lows the metal to be deposited under the film and be
isolated from the solution, alkaline earth metals form
compounds with a considerably lower mobility of
cation in the solid phase that greatly slows down the
isolation of the metal according to the above mentioned
mechanism.

Furthermore, alkaline earth metal cations, in par-
ticular magnesium, exhibit much more acid proper-
ties in the reaction with the solvent that, it its turn,
complicates the discharge process by slowing down
cation desolvation and accelerates anion - radical
disproportionation reactions in the cathode process,
i.e. increases the rate of electrochemical decomposi-
tion of the solvent.

Consideration of the process of electrochemical
isolation of active metals to which magnesium be-
longs is impossible without considering the interac-
tion of the  metal with medium. The most interesting
precondition for the discussion of this matter is the
concept of  Trassatty [20] which implies that on the
surface of a metal electrode not only the equality of
electrochemical potentials of cations in the metal and
in the solution is established but also the equality of
electrochemical potentials of electron in the same
phases. If the solution is stable in relation to the sol-
vated electron, equilibrium between the metal and the
metal solution in a liquid phase is established. The
formation of similar solutions is typical of alkaline
and alkaline earth metals. In this case instead of iso-
lation of metal at cathode polarization generation of
solvated electrons is observed. For magnesium such
a case is described in the electrolysis of MgBr2 solu-
tion in liquid ammonia when a dark blue colouring of
the solution is formed which is characteristic of metal
solutions containing a solvated electron [21]. But in
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practice, as a rule, stability of solution components
to the solvated electron is most often insignificant and
their decomposition (reduction) with takes place to
form the corresponding magnesium compound.

In this sense the processes of electron transfer into
the solution or magnesium cation charge on the elec-
trode surface are determined, on the one hand, by mag-
nesium cation solvatation degree, i.e. the main prop-
erties of the solvent, and, on the other hand, by the
ability of the solvent to accept the electron, i.e. acid
properties of the solvent. The more pronounced are
both acid and basic properties of the solvent, the less
probable is isolation of metal not complicated by the
surface passivation processes.

The resulting necessity of preferring less coordinat-
ing (basic)  substances when choosing solutions for
magnesium electrolysis is encountered by a counter
tendency for solubility and electroconductivity of mag-
nesium compounds to decrease in more «indifferent»
solvents. The main compromise between these
tendences is the offer to use metalloorganic compounds
of magnesium where acid properties of cation are
greatly levelled, and affinity for relatively indifferent
solvents is increased on account of a hydrocarbon
radical.

The solutions of complex salts of magnesium for
electroisolation of magnesium are perspective. It first
of all concerns to solutions of Grignard reagent hav-
ing huge importance in organic synthesis. During dis-
sociation of such solutions the complex is formed,
which is easily reduction and less solvatation, there-
fore organomagnesium compounds are widely used
for isolation of magnesium [22].

With the help of the radioactive magnesium was
shown that magnesium enters into composition of
cation in Grignard reagent [23]. During the anode dis-
charge of anions, the free alkyl-radicals are formed.
The following electrode processes are possible: on
the cathode:

2RMg
+
 + 2e → Mg + R2Mg,

2MgX
+
+ 2e → Mg + MgX2,

on the anode:

R3Mg - → R.+ R2Mg + e,

R2MgX - → R.+ RMgX + e,

RMgX2
- → R.+ MgX2 + e.

In [24] electroisolation of magnesium was carried

out from Grignard reagent solutions. On platinum elec-
trodes there was observed luminescence on the on
anode. Then electrolysis of phenylmagnesiumbromide
was carried out in systems with a platinum cathode
and anode of differents metals: aluminium, bismuth,
gold, nickel, silver, tin, zinc, cadmium and magne-
sium. Of the listed materials, anodes of magnesium,
aluminium, cadmium and zinc were found to be
corroded under these conditions.

Gender and Pletcher [25] studied electrodeposition

and dissolution of magnesium from Grignard reagent

solutions С2H5MgBr (0.5 mol/dm3) in THF. The depo-
sition current increases in the presence of MgBr2EtO

(0.5 mol/dm3). It is shown that magnesium is not de-
posited from solutions of other salts (MgBr2 and
Mg(ClO4)2) in THF and PC. Deposition of metal
magnesium powder from LiAsF6 and MgBr2O(C2H5)2

solutions in THF is detected. However, this process is
of  a secondary character - magnesium is redused by
metal lithium isolated electrolytically. Lossins and
Emmenegger [26] state that metallic magnesium is ef-
fectively, with small overpotential anode ionized in
Mg(CF3SO3)2 solutions in DMF, dymethylacetamide
(DMA) and binary mixtures on their basis; ionization
potential area comes nearer to -1.8 V in relation to
Fc/Fc+ (ferrocene/ferrocinic picrate) electrode. At a
negative potential shift beginning with -3.2 V the rise
of cathode  current is identified attributed to the
reduction of Mg2+ , though cathode mass  increase is
not indicated. In case of using inert (Pt, Au,
carbonglass (CG)) supports electrodeposition is not
observed either (anode peaks on reverse branches of
cyclic voltamperograms are not registered).

The choice of an appropriate solvent for carrying
out electrolyses is not the only problem in the extrac-
tion of magnesium. So, in the electrolysis of solu-
tions of simple magnesium salts in organic solvents
(alcohols, pyridine, DMF, formamide, AN, aniline
etc.) deposition of metal magnesium does not occur
[27, 28]. Similar results [29] are observed in liquid
ammonia.

 Bytrych and his colleagues [30] investigated elec-
trodeposition of magnesium from DMF and pyridine
in detail. Magnesium bromide solutions in pyridine
and magnesium chloride solutions in DMF were ex-
posed to electrolysis in a closed bath with cathodes of
Pt, Mg or Hg when mixed in a current of nitrogen. In
the electrolysis of magnesium bromide in pyridine
magnesium was not extracted, the same results are
obtained in the electrolysis of magnesium chloride so-
lutions in DMF with solid cathodes, magnesium amal-
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gam is formed with  mercury cathode. In the elec-
trolysis of magnesium chloride hydrate solutions in
DMF magnesium hydroxide and MgCl2.4DMF .2Н2О

are formed. In anhydrous DMF with  Pt-anode

chlorine is extracted but with Mg-anode chlorine is

not extracted and on the cathode gelatinous substance

is formed which on hydrolyzing gives (CH3)2NH and

НСНО.

Alongside with the nature of the solute and the
solvent the nature of the support material is one of
the main criteria effecting the electrochemical pro-
cess. It is known that in the course of magnesium
extraction on aluminium electrode magnesium im-
plants into the crystalline lattice of aluminium with
the formation of an intermetallic compound [31], while
on nickel electrode magnesium extraction is observed
and on iron electrode passivation takes place [32].
Apparently, this is connected with the fact that, un-
like other electrodes, nickel electrode has the nature
and quality favouring magnesium extraction. Some
available in literature data on the results of electro-
chemical extraction of magnesium are summarized
in the Table 1.

The electrochemical behavior of magnesium
alloys in organic solvents

Alongside with magnesium, magnesium alloys
having necessary qualities and being resistant to
corrosion are widely used in motor industry, in such
fields of industry as electrical engineer, transport, in
space researches in the production of rockets and
artificial satellites, in nuclear engineering [33].

According to the review of Loodmaa and Toir,s
work [34] on the study of anode materials of alloys

of Аl and Mg, MnО2 cathodes and Аl/MnО2 elements
the results of measurements in aqueous, mixed and
organic solvents were obtained. It is shown that when

choosing suitable alloys, solution composition and an-

ode corrosion inhibitors it is possible to compose Аl/

MnО2 electrolytes characteristics of which are
comparable with those of Zn/MnO2 electrolytes. When
working with the electrolytes being discussed the main
difficulties are noted to be pitting corrosion of an-
odes and a negative differential effect.

Investigations of the anode made of Mg-Hg alloy
in LiClO4 solution in ADS were carried out in [35].
Stationary potentials (Es) anode polarization curves
on magnesium and its alloy with Hg in 1М LiClO4

solutions in АN, DМF, PC were measured. In the

case of magnesium EC values are close to -1.08 (AN)

and -1.71 V in relation to water saturated calomel
electrode (DMF), and for the alloy they are -1,70 and
-1,99 V respectively. Introduction of carbon tetrachlo-
ride (CCl4) into DMF is accompanied by EC value of
magnesium and EC value of Mg-Hg system (-1.92
and -1.95 V respectively) becoming close.

At current density equal up to 20 mА/cm2  the
electrode polarization remains, but in AN it  increases
considerably. The conclusion is made that in carefully

purified DMF with ССl4 additives the behavior of

magnesium hardly differs from electrochemical

characteristics of Mg-Hg alloy due to the destroying

effect of ССl4 on the passivating film. In not purified
DMF EC values appear to be less negative by 0.5 V.

The available data do not explain essential differ-
ences in the anode behavior of magnesium-mercury
alloys, pure magnesium and its alloys with other met-
als [36]. At the same time it is magnesium-mercury
alloys that find a wide application in the production
of water activated CSC.

The essential features of anode behavior of mag-
nesium-mercury alloys are the following:

1) Unlike magnesium, the dependency of hydro-
gen isolation rate on the current density on magne-
sium-mercury alloys is of a non-linear character; at
the initial site of increases with the current density
and then becomes constant;

2) Measurements of the double layer capacity by
the method of a potential drop after cutting the current
off showed that the double layer capacity on pure
magnesium and some of its alloys increased with the
current density just as the rate of hydrogen isolation.
On magnesium-mercury alloys the capacity is less and
becomes practically constant at 130-150 µF/cm2 at
definite current densities that, taking into account the
roughness of the metal surface, is characteristic of
anode processes not complicated by side reaction phe-
nomena.

On the basis of the investigations carried out it is
concluded that anode dissolution of magnesium-
mercury alloys proceeds according to the amalgam
mechanism, i.e. via dissolution of magnesium in the
mercury film formed on the metal surface followed
by transition of magnesium Mg → Mg2+ + 2е into the
solution, that satisfactorily explains the regularities
observed.

A wide application of CSC of magnesium-air type
with a free electrolytes is restricted nowadays by a
relatively little period of their work because of a sharp
decrease of electrical characteristics at a short dis-
charge time. A variant of CSC with a semi-bound

Electrochemical Behavior of  Magnesium and its Alloys in non-Aqueous Solutions

Eurasian ChemTech Journal  3 (2001) 17-27

22



Table 1
Literary data on electrochemical extraction of magnesium from non-aqueous systems

A.M. Kuvancheva et all

Eurasian ChemTech Journal  3 (2001) 17-27

23

oS vl e tn s ND NA Sa tl
aM et ri la fo

cele rt edo

seR lu t celefos t or yl s si
etoN Li taret u erE rtx ca it fono

ma ng se mui
Ot eh sr

1 2 3 4 5 6 7 8 9

HN (3 l qi ) 95 M Bg r2 gM oN
Fo mr ulb e

latem
os itul sno

]12[

p ry di i en 1,33 2,71 M Bg r2

tP oN
eR m xi i gn i can u rr e tn fo

tin negor
]03[gM oN

gH gM maglama

OSMD
d( i em ht ly

s lu xohp id )e
8,92 3,91 OlC(gM 4)2 lA

atemretnI ll ci
oc pm o nu d

]13[

AMD 8,72 6,31 M (g FC 3 OS 3)2

gM oN

]62[

gH oN

tP oN

uA oN

CG oN

FMD 6,62 61

M Cg l2

tP oN

]42[

gM oN

gH maglamagM

M Cg l2×H2O
tP
gM

oN )HO(gM 2

M (g OlC 4)2 lA
cillatemretnI

dnuopmoc
hT se t foega ni rt do uc it no

Mg2+ li tim s
]52[

FC(gM 3 OS 3)2

gM oN
A ri acafoes ht cedo u rr tne

sta h fi t ni g opafo laitnet
w ti h I.V2.3- cn ehtfoesaer

ac ht oteudssamedo
sopedmuisengam ti i tonsino

.delaever

]62[

gH gM maglama

tP oN

uA oN

CG oN

HT F 02 8

rBgM 2 uC oN

]52[
OlC(gM 4)2 uC oN

L Ai Fs 6 dna
M Bg r2 C(O 2H5)2

uC seY
ateM ll ic

redwop
esehT noc foretcarahcyrad

noitisoped

rBgM 2 HBiL+ 4 tP seY
gM%09

V%01+

oehT tu p tu cano ru re tn si
ssel naht w hti e ht lare

os itul sno
]73[

HC 3 ClA+lCgM l3 gM seY
eD dn ri it c

soped ti
mc/Am52.1=i 2

E llec V5.0=
]7[



Electrochemical Behavior of  Magnesium and its Alloys in non-Aqueous Solutions

Table 1
Continued

Eurasian ChemTech Journal  3 (2001) 17-27

24

1 2 3 4 5 6 7 8 9

FHT 02 8

C2H5 ClA+lCgM l3 gM seY
,tnellecxE
niargllams

mc/Am52.1=i 2

E llec V5.1=

]7[C2H5 ClA+lCgM l3 gM seY
,tnellecxE
niargegral

mc/Am52.1=i 2

E llec V6.0=

C4H9 ClA+lCgM l3 gM seY
,tnellecxE
niargegral

mc/Am52.1=i 2

E llec V0.1=

C( 2H5)2O 2,91 9,3

C2H5 rBgM tP seY
evrucgniziralopnO

]83[

C4H9 rBgM tP seY ]83[

rBgM 2 HBiL+ 4 tP seY gM%09 ]73[

tnegaerdrangirG
XgMR

tP seY ]42[

snoitulosdrangirG

tP seY

edgM nisdeecorpnoitisop
gats2 .se

]93[

lA seY

nZ seY

dC seY

nS seY

bP seY

bS seY

iB seY

ot eul en 1,0 8

C(,FsC 2H5)2 ,gM

C( 2H5)3 ,lA

C(-osi 4H9)3 ,lA
)3:2:4:2:1(

seY gM%4,99
odeirracsisisylortcelenA tu

A1=idnaC°04ta md/ 2 ]04[

γ LB- FC(gM 3 OS 3)2

gM oN

]62[

gH oN

tP oN

uA oN

CG oN

CP

rBgM 2 uC oN
]52[

OlC(gM 4)2 uC oN

OlC(gM 4)2 lA
cillatemretnI

dnuopmoc

T sietareh l mi ti ybde
atsyrc zill lacimehcCnoita

.egats
]13[

lCOS 2 lCeF(gM 4)2

iN seY
edortcelE
notavissap

vlagnO cscitatsona u vr e ]91[

gM oN
ehT

ssap vi ta i gn
mlif

T eh mlif eporpsah tr fosei
osa il tylortceled e

]14[



electrolyte in an inert matrix is investigated in work
[42]. According to the results of the experiments
recommendations on optimization of the electrolyte
matrix, interelectrode distance, configuration and
modification of CSC were worked out.

Electrochemical properties of lithium and its bi-
nary alloys with magnesium (10 % and 20 %) at their

anode oxidation in 1 М LiBF4 solution in γ-
butyrolactone (γ-BL) were investigated. The elec-
trodes were made by a fit pressing of lithium or its
alloy tablets on a nickel net [43].

Anode polarization characteristics were investigated
when quietly immersing  electrodes by the potentio-
static method within the range of the designed poten-
tial change from 0 up to 2.5 V in relation to the lithium
electrode in the  same solution and by the galvanostatic
method at current density within 0.2-15 mА/cm2.

Currentless potentials of lithium and its alloys with

magnesium are close to each other and are in the range

0 - 4 mV. In comparison with the anode of pure lithium,

polarization of anodes of alloys in the range of current

density from 10 to15 mА/cm2 and at current density

up to 1 mА/cm2 has the following values: 20 % Mg
0.9-1 and 0.5-0.6 V, 10 % Mg 0.9 - 1 and 0.2-0.3 V.

The highest coefficients values of using lithium
were observed in magnesium alloys (93-95 %) which
is apparently due to oxidation of magnesium. Relative
capacities of most alloys do not depend on polariza-
tion current indicating the identity of the nature of
side reactions proceeding both on lithium electrode
and its alloys.

Conclusions

The electrochemical behaviour of magnesium elec-
trode is conditioned by a passivating film which is
characterized by the properties of a solid electrolyte.
The rate of anode dissolution of magnesium is deter-
mined by the conductivity of the film on magnesium
ions. At high current densities electrode polarization
increases  resulting in the puncture of the film and
activation of the electrode.

Depending on the polarization type the state of
the film considerably changes. By the results of
capacity measurements it is possible to assume that
the film  thickness decreases at anode polarization
and at cathode polarization it increases.

High electronegative potential characterizes
magnesium as a potentially highly effective anode
material for CSC, in particular, for current sources
with electrolytes on the basis of organic solvents. The

major factors determining the discharging character-
istics of magnesium electrode in the investigated
solution electrolytes are the value of polarization,
electrochemical activity of the solvent, the support
material as well as adsorption characteristics of
electrolyte components. The microstructure of the
cathode precipitated magnesium changes owing to the
formation of a passivating film, which inhibits the
process of anode dissolution and imposes diffusion
limits on  magnesium ions transfer through a film.

The basic direction in the solution of the problem
of cathode deposition of magnesium from electrolytes
on the basis of organic solvents is in optimization of
properties of electrolytes and choice of conditions
allowing to remove by effects.
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