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Lithium titanates are known as promising materials for anodes of lithium-ion batteries. In-

tensive research is being conducted on the synthesis of various lithium titanate composites to 
improve the electrophysical characteristics of batteries. Micropowders of the composites (lithium 
titanate – TiO2) were obtained by heat treatment of the batch (Li2CO3 + Ti) in the temperature 
range of 900-1000 °C for 4 minutes using the one-step rapid synthesis method developed by the 
authors. The phase composition and structure of the composites were studied using a DRON-3M 
diffractometer and a JSM-6700F SEM. Based on the composites synthesized at a temperature 
of 975 °C, prototypes of experimental cells with a lithium electrode were manufactured. Cycling 
in the range of 0-3 V relative to the lithium electrode at a current density of 15 mA/g showed a 
reversible capacity of 101 mA·h/g. The obtained test results confirm the possibility of using com-
posites for lithium-titanium batteries.
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Електрохімічні властивості композиційних матеріалів “титанат літію–TiO2”, 
синтезованих методом одностадійного швидкісного синтезу. А.С.Смоляр, А.О.Бурхан, 
О.М.Блощаневич, А.І.Стегній, А.В.Степаненко, М.П.Бродніковський, В.Є.Шелудько, 
В.Г.Хоменко, О.В.Ковтун.

Титанати літію відомі як перспективні матеріали для анодів літій-іонних акумуляторів. 
Проводяться інтенсивні дослідження синтезу різних композитів титанату літію для 
покращення електрофізичних характеристик акумуляторів. Мікропорошки композитів 
(титанат літію – ТіО2) отримані термообробкою шихти (Li2CO3 + Ti) в інтервалі температур 
900-1000 °С за 4 хвилини методом одностадійного швидкісного синтезу, розробленого 
авторами. Фазовий склад та структуру композитів вивчено за допомогою дифрактометру 
DRON-3M та скануючого електронного мікроскопу JSM-6700F. На основі синтезованих при 
температурі 975 °С композитів було виготовлено прототипи дослідних елементів з літієвим 
електродом. Циклювання в діапазоні 0-3 В відносно літієвого електрода при густині 
струму 15 мА/г показало зворотну ємність 101 мА·год/г. Отримані результати випробувань 
підтверджують можливість застосування  композитів для літій-титанових акумуляторів.
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1. Introduction
The intensive development of technol-

ogy drives scientific and applied research on 
the synthesis of various composites based on 
lithium titanates. For instance, lithium pen-
tatitanate Li4Ti5O12 (LTO) is a promising non-
deformable anode material for lithium-ion bat-
teries, offering high stability during cycling 
without significant capacity loss [1, 2]. Lithium 
metatitanate Li2TiO3 is considered one of the 
main materials for future fusion reactors due 
to its high tritium release rate at relatively low 
temperatures (from 200 to 400 °C) and chemi-
cal stability [3].

At the same time, intensive research is be-
ing conducted on the synthesis of various com-
posites based on lithium titanates, which offer 
advantages in electrophysical properties com-
pared to pure titanates [4, 5]. One such system 
is “lithium titanate-TiO2”. The choice of tita-
nium dioxide as a material for improving the 
electrophysical characteristics, for instance, of 
LTO, is explained by its high potential for Li+ 
insertion reactions (1.5–1.8 V) and minimal 
volume change (3–4%) during the charge/dis-
charge process [5, 6].

The synthesis of lithium titanates and their 
composites is most commonly achieved through 
methods such as solid-state synthesis, the sol-
gel process, solution combustion, and hydro-
thermal techniques [7–10]. However, these 
methods are often complex, time-consuming 
(lasting several hours), and require expensive 
equipment and reagents.

The authors developed a one-step rapid syn-
thesis method for composites based on lithium 
titanate. This approach was previously applied 
to the synthesis of calcium titanate CaTiO3 
(perovskite) [11]. Experiments were conducted 
to achieve rapid synthesis of composites at tem-
peratures ranging from 700 to 1000 °C within 
2–10 minutes. Lithium carbonate (Li2CO3) was 
used as the lithium source in the batch prepa-
ration.

The aim of this work is to synthesize the 
“lithium titanate-TiO2” composite using a one-
step rapid synthesis method, investigate its 
electrochemical properties, and evaluate its 
potential application as an anode material for 
lithium-titanate batteries.

2. Experimental
The starting materials for the synthesis 

included chemically pure lithium carbon-

ate Li2CO3 (LLC “UKRKHIMEXPO”, Kyiv, 
Ukraine) and titanium powder PTOM (TU 
14-22-57-92). The thermal treatment of the 
mixture (Li2CO3/Ti = 1:1) was performed in a 
tubular furnace using a thermal shock process 
(T = 700–1000 °C, holding time 2–10 minutes) 
according to the method described in [11, 12]. 
During the synthesis of the composites, the fol-
lowing reactions may occur:

Ti + O2 → TiO2

Li2CO3 → Li2O + CO2

xLi2O + yTiO2 → LixTiyOz

The composite materials were analyzed us-
ing X-ray diffraction on a DRON-3M diffrac-
tometer with Cu-Kα radiation. Diffraction pat-
terns were recorded using point scanning with 
a step size of 0.05° and an exposure time of 5 
seconds, in 2θ intervals of 15°–45° and 15°–85°. 
For qualitative phase analysis, the Analyze 
software package with the PDF-2 database was 
used. The structure of the composites was ex-
amined using a JSM-6700F scanning electron 
microscope equipped with a JED-2300 energy-
dispersive microanalysis system (“JEOL,” Japan). 
Imaging conditions included an accelerating volt-
age of 20 kV, a probe current of 5×10-10 A, and a 
probe diameter of 1 µm. The electrode compo-
sition “lithium titanate-TiO2” with graphitized 
carbon black (90:10) was prepared according 
to the method [13]. A suspension of the ac-
tive material based on polyvinylidene fluoride 
(PVDF) in N-methylpyrrolidone was applied 
to a copper current collector, dried at 100 °C 
(30 min), rolled, punched into discs with a diam-
eter of 16 mm, and further dried in a vacuum 
at 120  °C (6  h). The cells were assembled in 
an argon-filled glovebox (MBRAUN Inc., USA) 
with O2 and H2O concentrations ≤ 5 ppm, us-
ing CR2016 lithium cell cases, a Celgard2400 
separator with a thickness of 20 µm, an electro-
lyte (1M LiPF6 in a solvent mixture of ethylene 
carbonate, dimethyl carbonate, and diethylene 
carbonate in a 1:1:1 ratio), and a lithium coun-
ter electrode. The charge-discharge character-
istics of the cells were studied using an MSTAT 
potentiostat (Arbin Instruments, USA) in gal-
vanostatic mode according to [13, 14].

3. Results and discussion
In the temperature range of 700–800 °C, a 

small amount of titanate is formed. Its forma-
tion becomes more intensive in the tempera-
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ture range of 900–1000 °C (τ = 4 min). Figure 
1 shows the X-ray diffraction patterns of com-
posite material powders obtained by the one-
step rapid synthesis method. As can be seen 
from the diffraction patterns, the composite 
consists of several crystalline phases of lithium 
titanates (Li4Ti5O12, β-Li2TiO3, Li2Ti3O7, and 
Li4TiO4) and titanium oxide TiO2 (rutile), with 
the ratio of these phases varying depending 
on the synthesis temperature within the 800–
1000  °C range.

The microstructure of the samples synthe-
sized at T = 900 and 1000 °C is presented in 
Fig. 2 and Fig. 3. The as-synthesized powder, 
without additional grinding, consists of parti-
cles of various shapes with sizes ranging from 
~1 µm and smaller, along with agglomerates up 
to 280 µm in size.

The diffraction pattern (Fig. 4) shows that 
the composite consists of several crystalline 

phases of lithium titanates with a minimal 
amount of titanium dioxide (rutile). It can be 
concluded that the most favorable conditions 
for composite formation correspond to a tem-
perature of 975 °C and a holding time of 3 min-
utes. Under these conditions, the composite 
contains the lowest TiO2 (rutile) content, with 
lithium titanates forming the majority phase.

The phase ratio of lithium titanates to TiO2 
can be controlled by adjusting the synthe-
sis time and temperature within the range of 
800–1000 °C. The formation of rutile depends 
on the holding time after loading into the fur-
nace. At τ = 2-3 min, the minimum amount of 
rutile is formed, at 4-10 min this amount is 
much more.

After grinding the composite in an agate 
mortar, particle-size analysis revealed that 
90% of the powder particles range in size from 
100 nm to 22.2 µm.

Fig. 1 – Diffraction patterns of the obtained “lithium titanate-TiO2” composite after thermal treatment 
of the batch at the following temperatures: a – 900 °C, b – 1000 °C. 1 – Li4Ti5O12, 2 – β-Li2TiO3, 3 – TiO2 
(rutile), 4 – Li2CO3, 5 – Li4TiO4, 6 – Li2Ti3O7

Fig. 2 – Microstructure of the “lithium titanate-
TiO2” composite obtained after thermal treat-
ment of the batch at 900 °C (inset – magnified 
fragment)

Fig. 3 – Microstructure of the “lithium titanate-
TiO2” composite obtained after thermal treat-
ment of the batch at 1000 °C (inset – magnified 
fragment showing a single crystal fracture)
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Prototypes of experimental cells with a lithi-
um electrode were fabricated using the “lithium 
titanate-TiO2” composites synthesized at 975 
°C (Fig. 4). A thorough analysis of the electrical 
characteristics of these experimental samples 
was performed (Fig. 5 and Fig. 6).

Fig. 5 illustrates the charge-discharge char-
acteristics during the first cycle of the experi-
mental sample produced using the synthesized 
composite (Fig. 4) as the anode material. Cy-
cling was performed within a potential range 
of 0 to 3.0 V relative to the lithium electrode at 
a current density of 15 mA/g. According to the 
experimental results, the reversible capacity of 
the sample was 101 mA⋅h/g. This is close to the 
106 mA⋅h/g achieved for similar materials pre-
pared via solid-state sintering without the use 
of nano-additives [15]. However, this capacity 
is lower compared to commercial LTO samples, 
which demonstrate capacities in the range of 
150–170 mA⋅h/g [16]. The Coulombic efficiency 
during the first cycle was approximately 61%, 
indicating losses during the initial charging 
process, likely due to side reactions such as 
the formation of a solid electrolyte interphase 
(SEI). Subsequently, the Coulombic efficiency 
approaches nearly 100%, indicating high sta-
bility of the charge-discharge characteristics of 
the synthesized material.

It should be noted that high capacity is 
achieved by cycling in the potential range of 
0 to 3.0 V (Fig. 6). In contrast, cycling in the 
LTO electroactive range (1.2–2.2 V) results in a 
low capacity of approximately 20 mA⋅h/g. This 
suggests that the composite contains an elec-
trochemically inactive lithium titanate phase. 
The main reasons for the reduced capacity of 
the obtained lithium titanate may be the un-

evenness of particle sizes and the formation of 
agglomerates, which reduce the active surface 
area of ​​the material. Rapid synthesis can lead 
to the formation of crystalline defects, such as 
oxygen vacancies, that limit the ability of the 
material to reversibly intercalate lithium. Ad-
ditionally, the limited electronic conductivity of 
TiO2 and weak interparticle bonding within the 
composite increase resistance and slow down 
charge transfer processes.

The test results confirm the possibility of us-
ing the material for lithium titanate batteries. 
Despite its low capacity, the composite has ad-
vantages over graphite, in particular, it is non-
flammable. To enhance the electrochemical 
performance of “lithium titanate-TiO2” compos-
ites, it is necessary to refine synthesis methods, 
control particle morphology, and optimize the 
phase composition.

Fig. 4 – Diffraction pattern of the “lithium ti-
tanate-TiO2” composite obtained after thermal 
treatment of the batch at 975 °C. 1 – Li4Ti5O12, 
2 – β-Li2TiO3, 3 – Li2Ti3O7, 4 – Li4TiO4, 5 – 
TiO2(rutile), 6 – Li2CO3

Fig. 5 – Charge-discharge characteristic of the 
“lithium titanate-TiO2” composite during the 
first cycle

Fig. 6 – Changes in capacity and Coulombic ef-
ficiency during charge-discharge cycling of the 
“lithium titanate–TiO2” composite in the cycling 
range of 1.2–2.0 V (up to the 12th cycle) and in 
the potential range of 0–3.0 V (from the 12th to 
the 40th cycle)
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4. Conclusions
1. A one-step rapid synthesis method was 

used to produce the “lithium titanate–TiO2” 
composite. The best results were achieved at a 
temperature of 975°C and a holding time of 3 
minutes.

2. Electrochemical studies have confirmed 
the potential of the synthesized “lithium tita-
nate–TiO2” composite for use in electrodes of 
lithium-titanate batteries. The material exhib-
its stable capacity at 101 mAh/g and accept-
able Coulombic efficiency. However, further re-
search should focus on optimizing the synthesis 
process and material structure to enhance its 
electrochemical performance.

3. The obtained results of experiments on 
rapid synthesis in the temperature range of 
900–1000 °C open up opportunities for develop-
ing energy-efficient laboratory and industrial 
technologies for the production of “lithium tita-
nate–TiO2” composite powders. These technolo-
gies could be applied in various industries. For 
instance, a 5 kW installation can produce 2.5–3 
kg/h, or up to 60–70 kg/day, of composite micro-
powder using a conveyor production scheme.
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