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Preparation and electrochemical characterization of TiO2  

as an anode material for magnesium-ion batteries 

Anode on the basis of titanium dioxide powder was made. Its morphological characteristics were investigated 

using ellipsometry, scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS) and 

X-ray diffraction (XRD). Electrochemical properties were also investigated by cyclic voltammetry. Dispers-

ing, mixing the initial reagents for obtaining homogenized paste and its coating to a substrate, drying and cut-

ting the electrodes were main steps of anode production. The results of ellipsometry, SEM and EDS demon-

strated a uniformly distributed layer of about 200 μm thickness with porous structure, particle diameter of  

50–80 nm and titanium dioxide content (45.7 %). The XRD data confirmed the active anode matrix formation 

with a monoclinic crystal lattice corresponding to the modification of titanium dioxide (B) with small anatase 

inclusions. Electrochemical behavior of the electrode was examined in acetonitrile-based Mg(TFSI)2 solution. 

Diffusion coefficient (DMg) and the charge transfer rate constant (kct) were determined from cyclic 

voltammograms 1.54∙10–2 cm2/s and 1.29∙10–4 cm/s, respectively. A two-step electrochemical reaction was 

revealed by the ratio of the electricity amount consumed in the cathode and anode processes at varying the 

number of cycles. Small values of polarization resistance (Rp) calculated from cyclic voltammograms indi-

cated rapid diffusion of magnesium ions during intercalation/deintercalation. 

Keywords: magnesium ion batteries, anode, titanium dioxide, synthesis, analysis, intercalation, 

deintercalation, kinetics, polarization, diffusion. 

 

Introduction 

Because of the limited resource of lithium in the Earth’s crust, it became an uneconomical option of 

chemical power source of current in portable electronics. That is why, nowadays, demand for alternative en-

ergy storage systems based on inexpensive materials increases. Magnesium-ion batteries (MIB) are the most 

attractive ones for researchers due to the magnesium abundance in nature, high capacity and the dendritic 

free Mg sediments. MIBs fully meet the requirements of environmentally friendly energy materials, since 

magnesium and its compounds are non-toxic. Thus, the lower price and theoretical volume capacity 

(3833 mAh/cm3) make MIBs to be promising candidates for next generation of electric storage systems. De-

spite these promising aspects, the development and practical application of MIBs require extensive and de-

tailed research. In MIB one can find several problems of reversible reduction/dissolution and low diffusion 

rate of Mg2+ ions, which manifest in the absence of stable electrolytes and a strong polarization effect of 

Mg2+ ions with lattices of electrode material [1]. 

For eliminating these disadvantages, one can use alternative anode materials based on Mg2+ ions instead 

of a metal magnesium anode [2–4]. To realize this idea, the researchers tried to use magnesium-based alloys 

as an anode relying on their successful practical application in MIB anodes. Anodes from magnesium in MIB 

did not demonstrate good results due to the internal characteristics of magnesium ions. Therefore, several 

potential alloy-based anodes (for example, Bi, Sn, Pb, Sb, and In) were investigated; Bi and Sn are more at-

tractive ones among them due to the formation of intermetallic compounds with magnesium with a higher 

theoretical capacity in comparison with Mg/Mg2+ [1, 5]. Several reports informed about the possibility of 

using bismuth and tin anodes in the development of MIB and also demonstrated good compatibility of the 

anode with a conventional electrolyte. However, during the study of these materials as an anode, certain dis-

advantages have been revealed that are manifested in productivity decrease and theoretical capacity decrease, 

which are caused by the slow diffusion of Mg2+ ions in the solid phase and a large change in electrode vol-

ume during alloying/dealloying reactions [1]. 

Other alternative anodes, such as 2D materials on the basis of transition metal disulfides, demonstrated 

good results by the theoretical capacitance at using as anode materials for sodium ion and lithium ion accu-
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mulators. Their unique layered structure promotes the beneficial properties of these materials for enhancing 

practical value. The monolayers of 2D materials are good in adsorbing Mg2+ through increasing the conduc-

tivity of the anode material and illustrate relatively high capacity and good stability. However, applying these 

materials in MIBs is still at the theoretical stage and requires further experimental confirmation [5]. 

Titanium dioxide is considered to be a promising matrix for the reversible intercalation of Mg2+ ions 

among possible candidates for anode materials in MIB. There are several modifications of titanium dioxide: 

anatase, rutile, brookite, and bronze TiO2 (B). It should be noted that the first three of them are widespread in 

nature; the fourth modification, TiO2 (B), with a monoclinic structure is also found in nature, but rarely. Such 

main characteristics of crystalline modifications of TiO2 as non-toxicity, availability, low deformation, sta-

bility in most organic electrolytes, and excellent cycling characteristics, as well as the ability to 

charge/discharge the material at a very high velocity were successfully demonstrated in lithium-ion and so-

dium-ion batteries [6–8]. However, at using titanium dioxide in MIB low electron and ion conductivity limit 

its practical capacity and productivity. Therefore, a plenty of studies are carried out to improve the electro-

chemical properties of TiO2-based electrode materials. Methods for improving the ions kinetics and TiO2 

electrode conductivity, are often applied at producing anode materials, one of which is the production of 

nanostructured materials with various morphologies (nanotubes, nanosheets, nanomassives, nanoparticles, 

and hollow spheres) should be especially emphasized. For example, nanostructures of TiO2 from 0D to 3D 

effectively reduce the diffusion length of lithium and sodium ions improving the electrochemical kinetics of 

ions. The TiO2 electron conductivity, which is initially poor, influences the improvement of electrochemical 

properties [9]. Coating or mixing the matrix with conductive materials, creating oxygen vacancies, and alloy-

ing modifications, etc. are the methods for improving electronic conductivity. Rapid ions’ transport is the 

cause of significant improvement in electronic conductivity at using these methods [10–12]. Therefore, the 

aim of this study is to obtain TiO2 with the necessary morphology and diffusion characteristics for its use as 

an anode material in MIB. In this work, we report on the method for preparing an electrode based on TiO2 

powder and the kinetics of the magnesium ions diffusion into the synthesized anode material. 

Experimental 

Preparation of intercalation anode material. Preparation of the anode material was carried out in sever-

al steps represented in Figure 1. The main components of the anode mixture were active material (titanium 

dioxide), binder (PVDF (polyvinylidene fluoride), company “Alfa Aesar”, analytically pure), solvent (NMP 

(N-methyl-2-pyrrolidone), company “Alfa Aesar”, analytically pure), and electroconductive additive (carbon 

black, acetylene, 100 %, compressed, 99.9 %, company “Alfa Aesar”, analytically pure). Titanium dioxide 

was obtained in the “Photocatalysis and sustainable feedstock utilization” laboratory, Institute of Chemistry, 

Faculty of Mathematics and Natural Sciences, Carl von Ossietzky University Oldenburg, Germany using a 

hard template method described in the work [13]. 

The electrode paste was obtained by mixing active material, electroconductive additive, and binder with 

the required amount. The weight percent of the components were 75:15:10, respectively. The mixture of the 

active material and the electroconductive additive was pre-dispersed, followed by addition of the dissolved 

binder to the mixture. The active mass components were first mixed in the agate mortar, and then stirring 

was carried out using a magnetic stirrer for 24 hours and rate of 1000 rpm for forming the paste-like anode 

composite and its application onto copper substrate. After the homogenization process, the anode mass was 

applied onto the copper foil. Surface contaminants were removed from the substrate surface by abrasive pa-

per and degreasing with ethyl alcohol to ensure good adhesion between the substrate and the anode layer. 

Application to the substrate was made by casting. In this process, the prepared anode mass was poured onto 

copper foil in front of the blade “Doctor Blade”, then the blade was manually moved forward, stretching the 

ink and forming the film with a given thickness. The coating thickness was about 50–100 μm after drying. 

After coating the electrode was preliminary dried for 6 hours at a temperature of 60 ºC to evaporate sol-

vent residues from the surface. Then, it was dried in a vacuum oven for 24 hours at a temperature of 100 ºC 

to remove moisture traces. After primary drying, electrodes were cut by diameter of 10 mm (area 0.785 cm2). 

The finished electrodes were placed into an inert atmosphere glove box for further storage and investigation. 
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Figure 1. Diagram illustrating the main steps of the anode material making 

Research methods and materials. Measurement of the electrode layer thickness from the center of the 

deepening (surface of the substrate) point to the upper edge of the anodic coating surface (1000 μm) of the 

synthesized material was carried out with the help of an ellipsiometry in a Dektak 6M (Company Veeco, 

USA). 

Micrographs of the synthesized electrode surface and its elemental composition were obtained by 

means of a scanning electron microscope Quanta 200i 3D (FEI Company, USA). The element distribution 

map was performed by scanning the electrode surface area from 1 μm to 100 μm in size. XRD patterns anal-

ysis of the anode material was performed by means of X-ray diffractometer Rigaku Miniflex 600ge (Japan). 

Samples were analyzed through CuKa radiation source of 0.1540 nm wave-length at scan rate of 0.05 min-1 

starting at 10° angle and ending at 80° angle. 

Cyclic voltammetry investigations were performed in the “Swagelok cell”. The synthesized electrode 

based on titanium dioxide powder was used as a working electrode, and metal magnesium (99.999 %) (di-

ameter 10 mm, thickness 1.5 mm) was used as a reference and auxiliary electrode. The electrode surface was 

mechanically purified with an abrasive paper, and then degreased with acetone. Whatmann GF/D separator 

was applied as a membrane. Glass fiber separators of 10 mm diameter were placed between the working and 

auxiliary electrodes. Electrochemical measurements were carried out in 0.25 mol/l Mg(TFSI)2 (Sigma Al-

drich) solution on the basis of acetonitrile (AN, 99.9 %, company “Acros Organics”, analytically pure) with 

use of the potentiostat-galvanostat BioLogic SP-150 (France). Cycling was implemented at a scan rate from 

0.05 mV/s to 1 mV/s and 5 cycles in the field of potentials (1.0 V÷ –0.4 V). All the measurements were per-

formed three times, followed by statistical analysis on blunder and averaging the obtained result. 

Results and Discussion 

Analysis of the intercalation anode material. The anode material have improved morphological and 

electrochemical characteristics such as high reversibility of intercalation/deintercalation processes, high dif-

fusion capacity of metal ions into the matrix crystal lattice, etc. for practical use in magnesium ion batteries. 

The morphological properties of the anode material were tested by scanning electron microscopy, 

ellipsometry, and XRD methods. Figure 2 shows a gradual increase in the thickness of the electrode layer 

from the center of the deepening (surface of the substrate) point to the upper edge of the anodic coating sur-

face (1000 μm). Using the ellipsometry gave opportunity to determine the thickness layer of the synthesized 

anode material, which was about 200 μm (Figure 2). 
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Figure 2. Thickness of titanium dioxide layer on the substrate 

The morphologies of prepared anode material based on TiO2 have been characterized by SEM and Fig-

ure 3 designates the results. It can be seen that the particles have a smooth surface and porous structure. A 

large amount of these particles are microspheres and, obviously, agglomeration. The size and shape of the 

particles are uniform. At the same time it points out that the diameter of the microsphere is approximately 

from 50 to 80 nm. 

The surface radiograph of the anode material is presented at Figure 4. 

 

      

Figure 3. Micrographs of the surface of the obtained electrode material at different magnifications 

 

 

Figure 4. EDS spectral microanalysis of the obtained anode material 
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The EDS results of the synthesized electrode surface are presented in Table 1. It can be noticed that the 

main component of the electrode mass was titanium. The presence of copper in the composition can be ex-

plained by the substrate contribution. 

T a b l e  1  

Elemental analysis of the synthesized electrode material  

No. Element Wt, % 

1 Ti 45.7 

2 Cu 20.5 

3 C 16.5 

4 O 11.2 

5 F 5.5 

6 Cl 0.6 

 

The map of elements distribution over the surface of anode material based on TiO2 powder is presented 

in Figure 5 with high magnification. Elemental mapping results illustrated the distribution of such elements 

as Ti (red), C (purple), O (cyan) and F (yellow). Comparative analysis of the data showed that all the ele-

ments were evenly distributed on the surface of the synthesized electrode material.  

 

 

   

  

Figure 5. Map of elements distribution on the surface of the synthesized electrode material 

XRD patterns (Fig. 6) represents that the synthesized anode material contained titanium dioxide and the 

crystalline salt of copper, Claringbullite, evidently formed due to the interaction of the metallic copper sub-

strate and solvent, which corresponded to clearly visible spectra against the background of a significant con-

tent of the amorphous phase (Fig. 6), which was also confirmed by micrographs showing the formations of 

granular modification (Fig. 3). 

According to the XRD data the crystal lattice parameters were determined (Table 2). Lattice has got 

monoclinic structure with volume of 0.1621 nm3 and C2/m structure (12). The synthesized material by mon-

oclinic structure can be the modification of Bronze (B) [14]. In addition, according to XRD, this sample also 

has got titanium dioxide inclusions with anatase modification. 
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Figure 6. XRD patterns of anode mass based on titanium dioxide powder 

T a b l e  2  

Parameters of crystal lattice of main components of anode mass 

Name of the phase a(nm) b(nm) c(nm) α (deg) β (deg) γ (deg) V(nm3) 

Titanium dioxide 1.2157 0.37347 0.65136 90.0000 107.0540 90.0000 0.2827 

Claringbullite 0.6662 0.66627 0.91557 90.0000 90.0000 120.0000 0.3519 

 

Electrochemical behavior of the synthesized anode. The cyclic voltammetry method was chosen for 

studying the kinetics of system electrochemical processes. The obtained cyclic voltammograms allowed 

evaluating the processes of intercalation and deintercalation of magnesium ions into the anode material. 
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Figure 7. Cyclic voltammograms of intercalation of magnesium ions into a synthesized anode based  

on titanium dioxide powder in the 0.25 mol/l solution of Mg(TFSI)2/AN at different potential scanning rates, T = 25 ºC 

The voltammogram of the discharge-ionization cycle of magnesium ions on the surface of titanium di-

oxide at various potential scan rates was obtained in a solution of 0.25 mol/l Mg(TFSI)2/AN. The dynamics 

of some peaks (Fig. 7) was allowed evaluating the redox properties of magnesium ions. The graph demon-

strates that magnesium reduction at a scan rate of 0.05mV/sec on the electrode surface began at a potential of 

0.6 V. At polarization in the reverse direction, as seen in the curves, a peak of magnesium oxidation was ob-

served at 1 V potential. In reversible processes, the values of the potentials of oxidation and reduction peaks 

characterizing the nature of the electroactive substance do not depend on the scan rate, and their difference 

(Ep(k) – Ep(a)) is a constant value. In our case, the difference of potentials between the peaks at the forward 
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and reverse scan cycles depends on the electron transition rate constant and the potential scan rate. Accord-

ing to the analysis of the presented cyclic polarization curves, it can be concluded that at high scan rates, the 

value of the peak potential difference becomes large, and the degree of irreversibility of electron transfer in-

creases. Therefore, high values of difference of potentials of reduction and oxidation peaks are associated 

with limitations of electron transfer kinetics. Increase of scan rate of the potential from 0.05 mV/s to 1 mV/s 

causes the reduction peak of magnesium ions (Ep(k)) in the electrolyte to shift into the cathode region. 

The relationship between peak current and potential scan rate for irreversible processes was described 

by P. Delachay’s equation [15]. Analysis of the experimental results of cyclic voltammetry demonstrated 

linear dependence of the current density of the magnesium reduction peak (in(k)) from the square root from 

the value of the potential scan rate (√ϑ) (Fig. 8). This dependence shows that the line does not pass through 

the origin indicating the quasi-reversible nature of the investigated process. The diffusion coefficient of 

magnesium ions (DMg) was calculated from the dependence in(k) from √ϑ according to Randles–Ševčík 

equation for irreversible processes by the formula: 

 3/2 3/2 1/2 1/2 1/2 1/20.4463p CVI n F CSR T D   , (1) 

where, n is the number of electrons per molecule during the reaction; F is the Faraday constant; C is the mo-

lar concentration of Mg2+ ions; S is the surface area of the electrode; R is the gas constant; T is the absolute 

temperature; Dcv is the chemical diffusion coefficient (cm2/s), and υ is the scan rate (V/s). The diffusion coef-

ficient DMg calculated by means of cyclic cyclic voltammograms was 1.54∙10–2 cm2/s. 
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Figure 8. Dependence of current density of peak of magnesium ions intercalation (ip)  

into the synthesized electrode on υ1/2 in 0.25 mol/l Mg(TFSI)2/AH, T = 25 ºC 

The rate of charge transfer or mass transfer is the main characteristics of the rate of many electrochemi-

cal reactions. Determination of the process mode can be performed by comparing the order of the constants 

of the transport rate of the matter and the charge. According to cyclic voltammetry, the value of the constant 

of the charge transfer rate of magnesium ions at the interphase boundary of electrolyte-electrode was deter-

mined. 

The limiting stage in irreversible processes is charge transfer; the charge velocity is determined by the 

rate constant (k0) and the transfer coefficient (α). The boundary conditions of the Nernst equation for irre-

versible single-step and multi-electron reactions are expressed by the following equation [16; 234–236]: 

    0 , f

i
k t C O t

FA
 , (2) 

where 

     0 0

fk t k exp f E t E     . (3) 

If we recalculate E(t) from equation (2) to equation (3), then we get equation (4): 

      0 00, 0, bt

f fik t C t k C t e , (4) 

where b f   , 
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  0 0

fi ik k exp f E E   
  . (5) 

The current is calculated from the following equation: 

    1/2*

0 0

bt
i FAC D b   , (6) 

  
1/21 1

* 1/22 2
0 0

btF
i FAC D

RT

 
    

 
. (7) 

The function 
 bt

  passes through a maximum 
 1/2 0.4958
bt

   . At recalculating this value, the equa-

tion (6) gives the following current peak equation: 

  5 1/2 * 1/2 1/2

0 02.99 10pi AC D    . (8) 

The peak potential is described by the equation 

 

1/21/2
0 0

0
0.780 ln lnp

DRT F
E E

F k RT

     
       

     

. (9) 

Next, equation (9) gives equation (10). 

 
/2

1.857 47.7
 p p

RT
E E mV

F
  

 
 at 25 °C,  (10) 

where / 2pE  is a potential, at which the current is half the peak value. For a fully irreversible wave pE  is a 

function of scan rate, shifting for reduction reaction, in negative direction by value 1.15
RT

F
 (or 30 /   мВ at 

25 °C) for each ten-fold increase in velocity. Besides, pE  exceed the limit of 
0E  (i.e. it is more negative for 

the reduction reaction) due to excessive activation potential associated with 0 k  [17]. Alternative expression 

for peak current under conditions  pE  can be obtained by combining equation (9) with (7): 

  * 0 0

00.227p pi FAC k exp f E E   
  , (11) 

where Ep is the peak potential (V), E0 is the formal electrode potential (V), in is the cathode current density of 

the peak (A), k0 is the rate constant of the charge transfer stage (cm/s), α is the transfer coefficient, D0 is the 

diffusion coefficient, (cm2/s), 
*

0  C  is the concentration of ions in the volume of the solution (mol/cm3), C0 is 

the concentration in the near-electrode region (mol/cm3), υ is the potential scan rate (V/s). 

Dependency diagram  ln pi  from 0

pE E  (at condition that 
0E  can be obtained) determined at differ-

ent scan rates must have a slope f  and 0k , ordinate of the point of intersection of the diagram with the y 

axis (Fig. 9). 
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Figure 9. Dependence of logarithm of current density of magnesium intercalation peak  

in synthesized electrode ln(ip) on Ep – E0 in electrolyte 0.25 mol/l Mg(TFSI)2/AN, T = 25 ºC 
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A dependence of  ln pi  on 0

pE E  (Fig. 9) was obtained from cyclic voltammogram sat different scan 

rates for synthesized electrodes. The charge transfer rate constant calculated from this relationship during 

magnesium intercalation to the synthesized titanium dioxide electrode in the electrolyte was 0.25 mol/l 

Mg(TFSI)2/AN equal to 1.29∙10-4 cm/s. 

Figure 10 points out cyclic voltammograms of intercalation and deintercalation of magnesium ions into 

a synthesized electrode in a solution of 0.25 mol/l Mg(TFSI)2 based on acetonitrile at different cycles. 

 

 

Figure 10. Cyclic voltammogram of intercalation and deintercalation of magnesium ions  

into a synthesized anode based on titanium dioxide of 0.25 mol/l Mg(TFSI)2/AN at various cycles.  

Insert: linear site, area of low overvoltage of backward motion of CV, T = 25 ºC 

The amount of electricity (electric charge) is the product of the current strength at the time of current 

flow, and then the electric charge can be determined from сyclic voltammograms, calculating the ratio of the 

area of the cathode, and anode peaks. Table 3 presents the values of the amount of cathode, anode charges 

and the amount of electricity calculated from these data and also the polarization resistance. It can be seen 

that in the first cycle the amount of electricity is less than one. However, starting from the second cycle to 

the fifth cycle, the ratio of cathode charge to anode charge is approximately one, which indicates a two-

charge electrochemical magnesium reduction reaction. 

T a b l e  3  

Values of the amount of electricity of cathode and anode processes,  

as well as polarization resistance at different number of cycles 

Cycle Qk, C Qa, C Qk/Qa Rp, ∙cm2 

1 9.80∙10-5 1.76∙10-4 0.56 1.29∙10-4 

2 3.22∙10-4 2.91∙10-4 1.11 3.40∙10-4 

3 1.78∙10-4 2.12∙10-4 0.85 3.82∙10-4 

4 1.93∙10-4 1.80∙10-4 1.00 2.95∙10-4 

5 1.53∙10-4 1.73∙10-4 0.90 1.35∙10-4 

 

The polarization resistance is a measure of the increase in internal resistance of the chemical power 

source caused by polarization and depends on the passing current. The polarization value was calculated by 

processing the linear site of the region of small overvoltage of backward motion of cyclic voltammograms. 

(Fig. 10, insertion) [18]. According to the Table 3, depending on the number of cycles, a certain regularity in 

the change of the polarization resistance value is not observed: with an increase of the cycle, it first grows 

and then decreases, although the order is the same. Low polarization resistance values favorably affect the 

diffusion rate of magnesium ions during discharge and charge of chemical power sources. 

i, A/cm2 
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Conclusions 

In this work, the kinetics of electrochemical processes occurring on the anode in the acetonitrile solu-

tion Mg(TFSI)2 was studied. The diffusion coefficient determined from the cyclic voltammograms was equal 

to 1.54∙10-2 cm2/s, the rate constant was equal to 1.29∙10-4 cm/s. The ratio of the electricity amount of the ca-

thodic and anodic processes is approximately equal to one, which led to the reversible charging-discharging 

of magnesium occurence. 

The anode on the basis of powdered titanium dioxide, which has been prepared according to the scheme 

demonstrated in this work, illustrated high electrochemical active surface which has seen from the high value 

of the diffusion coefficient. Morphological and structural characteristics of the obtained anode material were 

studied by such methods as ellipsometry, Scanning electron microscopy, EDS, and X-ray diffraction. The 

thickness of the uniformly dis-tributed anodic layer was on the order of 200 μm, and the particles had a di-

ameter of 50 nm to 80 nm and a porous morphology. The XRD results confirmed the formation of an active 

mass with a monoclinic crystal lattice structure corresponding to the bronze modification with anatase inclu-

sions. 

The results obtained in our research is significant for the development of rechargeable magnesium bat-

teries. 
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А.К. Абильдина, Х. Авчукир, Р.Ж. Джуманова,  

А.Н. Бейсеева, Г.С. Рахымбай, А.М. Аргимбаева 

Магний-ионды батареялар үшін анодты материал ретінде TiO2 дайындау  

және оның электрхимиялық сипаттамалары 

Мақалада титан диоксиді ұнтағы негізіндегі анод дайындалды және оның морфологиялық 

сипаттамалары эллипсиометрия, сканерлеуші электронды микроскопия (СЭМ), рентген-спектрлік 

(РСА) және рентген-фазалық анализ (РФА) көмегімен, сонымен қатар циклдік вольтаметрия әдісі 

арқылы электрхимиялық қасиеттері зерттелді. Электрод жасалынуының негізгі кезеңдері: бастапқы 

реагенттерді диспергерлеу және араластыру арқылы гомогенді паста алу, төсемеге жағу, кептіру және 

электродтарды кесу. Эллипсиометрия, СЭМ және РСА нәтижелері түйіршіктерінің диаметрі 50–80 нм 

аралығында болатын, құрамы титан оксидінің бөлшектерінен тұратынын (45,7 %) құрылымы кеуекті, 

қалыңдығы 200 мкм біркелкі таралған қабат түзілгенін көрсетті. РФА мәліметтері құрамында анатаз 

бар титан диоксидінің (В) модификациясына сәйкес келетін моноклинді кристалл торына ие белсенді 

анод матрицасының пайда болатынын дәлелдейді. Дайындалған электродтың электрхимиялық 

қасиеттері ацетонитрил негізіндегі Mg(TFSI)2 ерітіндісінде зерттелді. Циклдік вольтамперо-

граммалардан диффузия коэффициенті (DMg)мен заряд тасымалдау жылдамдығының константасы (k) 

анықталды, 1,54∙10–2 см2/с және 1,29∙10–4 см/с сәйкесінше. Циклдер санын өзгерту арқылы катодтық 

және анодтық процестерде тұтынылатын электр мөлшерінің қатынасы бойынша екі сатылы 

электрхимиялық реакция жүретіні көрсетілді. Циклдік вольтамперограммалар бойынша есептелген 

поляризация кедергісінің төмен мәндері интеркаляция мен деинтеркаляция кезінде магний 

иондарының жылдам диффузиясын дәлелдейді. 

Кілт сөздер: магний-ионды аккумуляторлар, анод, титан диоксиді, синтез, талдау, интеркалация, 

деинтеркаляция, кинетика, поляризация, диффузия. 
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А.Н. Бейсеева, Г.С. Рахымбай, А.М. Аргимбаева 

Приготовление и электрохимические характеристики TiO2 

в качестве анодного материала для магний-ионных батарей 

В статье описано изготовление анода на основе порошка диоксида титана и исследование его морфо-

логических характеристик с использованием элипсиометрии, сканирующей электронной микроскопии 

(СЭМ) вкупе с рентгено-спектральным (РСА) и рентгено-фазовым анализом (РФА), а также электро-

химических свойств методом циклической вольтамперометрии. Основными стадиями изготовления 

анода выступили: диспергирование, смешивание исходных реагентов с получением гомогенизирован-

ной пасты, последующее нанесение ее на подложку, высушивание и нарезка электродов. Результаты 

элипсиометрии, СЭМ и РСА показали равномерно распределенный слой толщиной порядка 200 мкм с 

пористой структурой, диаметром частиц в интервале 50-80 нм и содержанием диоксида титана 

(45,7 %). Данные РФА подтверждают образование активной анодной матрицы с моноклинной кри-

сталлической решеткой, соответствующей модификации диоксида титана (В) с небольшими включе-

ниями анатаза. Электрохимическое поведение полученного электрода исследовали в растворе 

Mg(TFSI)2 на основе ацетонитрила. Из циклических вольтамперограмм были определены коэффи-

циент диффузии (DMg) и константа скорости переноса заряда (k), которые составили 1,54∙10–2 см2/с и 

1,29∙10–4 см/с соответственно. По соотношению количества электричества, расходуемого в катодном и 

анодном процессах при варьировании количества циклов, была установлена реализация двухступен-

чатой электрохимической реакции. Малые значения поляризационного сопротивления (Rp), рассчи-

танного из циклических вольтамперограмм, свидетельствуют о быстрой диффузии ионов магния при 

интеркаляции/деинтеркаляции. 
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