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The research object is the ilmenite concen-
trate from the Irshansky deposit. This study
describes an elemental composition of the min-
eral raw material and confirms its structure
using the X-ray diffraction and scanning elec-
tron microscopy. Experimental studies have
shown that the ilmenite concentrate from the
Irshansky deposit has a significant titanium
content in terms of titanium dioxide (79 %).
Mineral raw materials with such a chemical
composition are unique, so there is a need
to find alternative methods for its processing.
The research demonstrates that the maximum
degree of extraction in the process of alkaline
leaching of the ilmenite concentrate is achieved
under the condition that the average diam-
eter of particles of the mineral raw material
should be <71um. As a result of temperature
studies, it has been found that a temperature
of 453 K would suffice to obtain potassium tita-
nate at atmospheric pressure. Further tempera-
ture increase does not provide for a significant
increase in the degree of titanium extraction,
and also contributes to the formation of polyti-
tanates of various compositions. The study of
the influence of the molar ratio of the start-
ing reagents on the degree of extraction of
titanium (IV) from the ilmenite concentrate has
showed that the optimal molar ratio between
the components corresponds to the stoichio-
metric one and is 1:2. Increasing the amount
of potassium hydroxide in the reaction mixture
is impractical as it reduces the yield of potas-
sium titanate, and the final product will have
high alkalinity due to excess alkali. The opti-
mal time for alkaline leaching is three hours of
continuous heating in a glycerin bath. A further
increase in the duration of heating does not lead
to an increase in the degree of extraction, which
is associated with the diffusion of alkali from
the surface of the nucleus into the volume of
ilmenite particles due to the formed products of
interaction and annihilation of the initial nuclei

Keywords: ilmenite concentrate, alkaline
leaching, potassium hydroxide, potassium tita-
nate, degree of extraction
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1. Introduction

Titanates are compounds with the general chemical for-
mula Me;O-nTiO,, (n=1-8), in which the metal cations are
Na™, K" ions [1]. The structure and properties of titanates
are influenced by the chemical composition of the initial
components, the ratio between oxides in the molecule, and
the conditions of synthesis. By adjusting the conditions
for alkaline leaching of ilmenite, it is possible to obtain, for
example, potassium titanates of amorphous or crystalline
structure with different particle sizes and morphologies,
which, in turn, expands the scope of their use.
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Thus, the inclusion of potassium titanate fibers in the
structure of an aluminum alloy composite improves its me-
chanical properties [2]. Adding fiber-like crystals of potas-
sium titanate to the composition of carbon foam materials
increases their strength and, accordingly, improves thermal
insulation properties [3].

Potassium titanates and polytitanates of different
chemical composition and structure are actively used as
photocatalysts of water decomposition [4], dyes [5]. A
catalyst for the process of transesterification of oils and
production of biodiesel was designed on the basis of potas-
sium titanate [6].




The principal method for obtaining titanates and polyti-
tanates is the alkaline leaching method, the essence of which
is the interaction of titanium-containing raw materials with
a solution or molten alkali. Most often, titanium dioxide is
used as a titanium-containing raw material, which requires
preliminary preparation and purification, which increases
the cost of producing the target product [7]. Ilmenite is
also a promising raw material for obtaining titanates by the
alkaline leaching method. A significant advantage of using
such ore as a starting reagent is the reduction of the number
of stages of preliminary processing of raw materials, which
accordingly reduces the cost of the final product. Therefore,
research aimed at finding suitable production conditions for
the process of alkaline leaching using ilmenite is promising.

2. Literature review and problem statement

According to 2022 data from the United States Geo-
logical Survey, the global reserves of titanium ore are about
800 billion tons, which are located in 48 countries of the
world. In Ukraine, titanium ores are concentrated at 27 de-
posits of various types, but the main titanium-containing
raw materials of the country are ilmenite ores from loose
deposits [8].

On an industrial scale, ilmenite concentrate is mostly
processed by acid methods using chloride or sulfate ac-
ids [9]. When choosing a method for ilmenite processing,
the phase composition of the raw material has a significant
influence. Thus, the advantage of the sulfuric acid method
is the possibility of using ore with a low content of ilmen-
ite but one of the disadvantages is the low efficiency of
processing altered ilmenite (with a high content of TiO),
while for the chloride technique, the phase composition is
not of significant importance. However, acid leaching tech-
nologies require long-term heating and the use of an excess
amounts of starting acids.

However, there are more and more studies related to the
modernization of methods of acid processing of ilmenite, in
particular the use of fluoride activators, weak mineral acids,
organic acids and their derivatives, etc. An alternative meth-
od for acid leaching, which is of interest to researchers, is the
method for alkaline leaching of Ti(IV) from titanium-con-
taining raw materials.

For the processing of ilmenite from the Shan Dong
province (China) by the alkaline leaching method, the au-
thors of [10, 11] determined that the maximum extraction
of titanium(IV) is affected by the particle size of the min-
eral raw material. Equally important are the ratio of the
initial components, the concentration of the aqueous alkali
solution, the temperature and time regime. It was estab-
lished that the optimal conditions for the leaching process
are particle sizes of 58—75 um, the ratio of alkali and ilmen-
ite 7:1, the concentration of potassium hydroxide 84 %, the
temperature 533 K, and the interaction time 60 minutes.
However, the use of such an amount of alkali complicates
further purification of the target product.

The authors of [12, 13] chose ilmenite from the Abu Gha-
laga region (Egypt), in which the content of titanium dioxide
is 40 %, as a research object. For leaching, a 70 % solution of
potassium hydroxide was used, in a mass ratio between alka-
li and ilmenite of 5:1. The duration of interaction is 3 hours
at a temperature of 423 K with constant stirring at 375 rpm.

However, this procedure is effective for ilmenite with a low
TiO, content.

The authors of [14] established that for the alkaline
leaching of ilmenite concentrate produced by Kahnooj
Titanium Complex, Kerman (Iran), the optimal condi-
tions are a three-hour interaction of the components at a
temperature of 493 K using a 70 % potassium hydroxide
solution. However, this is only one of the stages of process-
ing ilmenite concentrate into the target product and the
authors propose to carry out further processing using the
chloride method.

In works [15, 16], samples of ilmenite separated from the
black sands of the Rosetta coast (Egypt) were used as the re-
search object. The experiment was carried out in two stages:
the first using aqueous solutions of potassium and sodium
hydroxides (70 %), which were used to treat the original
ore at a temperature of 393 K, the second — acid leaching of
the obtained ilmenite paste. In addition, samples of ilmen-
ite from the same coast were fused with crystalline alkalis
at different mass (molar) ratios in the temperature range
of 623-723 K. However, the drawback of the procedure is
that polytitanates of different compositions are formed at
high temperatures.

Due to the unique composition of ilmenite from the
Irshansky deposit (<79 % TiO»), the use of alternative pro-
cessing methods, including alkaline leaching, is promising.
All of this allows us to state that it is appropriate to deter-
mine proper production conditions for the process of alkaline
leaching of ilmenite with a high content of titanium dioxide.

3. The aim and objectives of the study

The purpose of our research is to determine proper pro-
duction conditions for processing ilmenite concentrate from
the Irshansky deposit by the alkaline leaching method for
potassium hydroxide, which will allow creating an econom-
ically feasible technology for obtaining potassium titanate.

To achieve the set goal, a number of tasks must be com-
pleted:

— to determine the elemental composition of mineral raw
materials using a set of physical and chemical methods;

— to conduct a study on the dependence of the degree of
titanium extraction on various parameters (dependence on
the size of the particles of mineral raw materials, the molar
ratio between the components, the temperature and time of
the leaching process);

—to study the morphology of synthesized potassium
titanate particles.

4. The study materials and methods

96 % ilmenite concentrate from the Irshansky deposit
and crystalline potassium hydroxide (Merck KGaA) were
used as the research object.

Since titanium dioxide exhibits acidic properties, its
interaction with alkalis is more effective in comparison with
acids. According to the results from studying the elemental
composition of the ore, ilmenite from the Irshansky deposit
has a high TiO; content. Therefore, it is more appropriate to
use solutions or melts of compounds with well-defined alka-
line properties as leaching agents.



Samples of ilmenite and the obtained potassium titanate
were examined by scanning electron microscopy with X-ray
spectral elemental microanalysis on an electron microscope
“JSM-6490 LV” (Japan) with energy dispersive and wave
dispersive spectrometers “Energy Plus” (“Oxford Instru-
ments”). To confirm the structure of the samples, the X-ray
diffraction method was used (DRON 3M diffractome-
ter (Ka (Cu), A=0.1540 nm).

In order to establish the influence of particle size of the
ilmenite concentrate on the degree of Ti(IV) extraction, the
mineral raw material was previously crushed in an agate
mortar. Fractions in the range from 71 to 630 um were ob-
tained using a set of appropriate sieves. Leaching was carried
out for 3 hours at a temperature of 453 K with a molar ratio
of FeTiO3: KOH (1:2) for each fraction of the concentrate.

The optimal molar ratio between the initial components
was determined using the ilmenite fraction with an average
particle diameter <71 pm. Leaching reactions were carried
out for 3 hours at a temperature of 453 K with a molar ratio
of FeTiO3: KOH (1:2; 1:3; 1:4; 1:5; 1: 6).

Determination of the effect of temperature on the degree
of titanium(IV) extraction was carried out in the tempera-
ture range of 453—573 K. To this end, the ilmenite fraction
with an average particle diameter of <71 um was used. The
duration of the leaching process is 3 hours at the molar ratio
of FeTiO3: KOH components (1:2).

The study of the dependence of the degree of titani-
um(IV) extraction on the contact time of the reagents was
carried out in the range of 30-300 minutes. An ilmenite
fraction with an average particle diameter of <71 um, a molar
ratio of FeTiO3: KOH components (1:2), and a temperature
of 453 K were used.

To explore the degree of extraction of Ti(IV) during
leaching from ilmenite, the peroxide method for quantitative
determination of titanium in solution using a UV-1200 spec-
trophotometer was used [17].

The degree of extraction (X, %) of titanium(IV) from
ilmenite is calculated according to the formula:

m(Ti(1V), )

*= m(Ti(1V),)

-100 %,

where m(Ti(IV)), is the mass of extracted titanium, mg;
m(Ti(IV)), is the mass of titanium in the original melt, mg.

5. Results of the study of alkaline leaching of ilmenite
from the Irshansky deposit

3. 1. Determining the elemental composition of miner-
al raw materials by a set of physical and chemical methods

The initial analysis of the raw mineral raw materials was
carried out using the methods of scanning electron micros-
copy with X-ray spectral elemental microanalysis (SEM).

Fig. 1 shows a SEM photograph of a sample of the orig-
inal ilmenite.

Fig. 2 shows the diffraction pattern of a sample of ilmen-
ite concentrate from the Irshansky deposit.

It is shown that the total content of titanium in the ore
(in terms of TiO,) is more than 70 %, which indicates that
the ilmenite from the Irshansky deposit belongs to the group
of altered ilmenites.

20kV X30 500pm 0128 1060 BEC

200pm 0128 1060 BEC

20kV X65

Fig. 1. Scanning electron photograph of a sample of ilmenite
from the Irshansky deposit: @ — 30 times magnification;
b — 65 times magnification
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Fig. 2. Diffraction pattern of a sample of ilmenite concentrate
from the Irshansky deposit

5. 2. Studying the dependence of the degree of titani-
um extraction on various parameters

To study the effect of particle size on the leaching process,
the ilmenite concentrate (96 %) from the Irshansky GZK was
previously ground in an agate mortar. As a result, fractions
with the following particle sizes were obtained: <71 pm;
71-140 pm; 140-315 um; 315-630 pm. The reaction mixture
in the minimum molar ratio of 1:2 (FeéTiO3:KOH) was kept in
a glycerol bath at a temperature of 453 K for 3 hours.

Leaching of ilmenite with potassium hydroxide under
conditions of atmospheric pressure and at a temperature of
453 K can be described by the following equation [18]:



4FeTi0, +8KOH +0, — 4K, TiO, + 2Fe,0, + 4H,0

A qualitative sign of the completion of the reaction is
a change in the color of the reaction mixture from gray to
green-brown (Fig. 3).

Fig. 3. General view of the melt after the alkaline leaching
process

Fig. 4 shows the dependence of the degree of titani-

um(IV) extraction on particle size of the original ilmenite
concentrate.

90
85
80

754

X, %

70 1
65+

60

700 600 500 400 300 200 100 0

d, pm
Fig. 4. Dependence of the degree of extraction of titanium (V)
on the particle size of ilmenite concentrate during alloying with

potassium hydroxide in the molar ratio of ore to alkali 1:2 for
3 hours at a temperature of 453 K

Fig. 4 demonstrates that the reduction of the particle
size of mineral raw materials during fusion under the above
conditions increases the degree of extraction of the target
element.

To study the influence of the molar ratio between the
components on the degree of extraction, the fraction of il-
menite with particle sizes < 71 uym was chosen. The molar
ratio of the initial components of the concentrate and alkali
was used, respectively 1:2; 1:3; 1:4; 1:5 at a temperature of
453 K for 3 hours.

The quantitative influence of the molar ratio of reagents
in the initial mixture on the degree of extraction of titani-
um(IV) was determined (Fig. 5).

To establish the optimal temperature for leaching il-
menite with potassium hydroxide, the initial ilmenite frac-
tion <71 pm, a mixture of ilmenite and alkali (1:2), and a
temperature range of 453-573 K were used, with a heating
time of 3 hours.

Fig. 6 shows the dependence of the degree of titani-
um(IV) extraction on the temperature regime of the alkaline
leaching process.
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Fig. 5. Dependence of the degree of extraction of
titanium(lV) on the quantitative ratio of starting substances

with an average diameter of particles <71 uym for 3 hours at a
temperature of 453 K
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Fig. 6. Dependence of the degree of extraction of
titanium(lV) on temperature during fusion of a mixture of
ilmenite and alkali (1:2) for 3 hours using the fraction of the
original ilmenite concentrate <71 um

It has been shown that the temperature above 453 K does
not significantly affect the degree of titanium(IV) leaching.

To study the degree of titanium(IV) extraction, an
ilmenite concentrate with an average particle diameter
of <71 pm, an interaction temperature of 453 K, and a quan-
titative ratio between components of 1:2 was used. The time
range of the leaching process is 30-300 minutes.

Fig. 7 shows the dependence of the degree of titani-
um(IV) extraction on contact time between ilmenite con-
centrate and potassium hydroxide.

The nature of the curve of dependence of the degree of
extraction on leaching time (Fig. 7) takes the form of a curve
approaching saturation.
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Fig. 7. Dependence of the degree of titanium(IV) extraction on
the contact time of FeTiO3 and KOH with an average particle
diameter of <71 um, an interaction temperature of 453 K, and a
quantitative ratio between the components of 1:2, respectively

3. 3. Studying the morphology of synthesized potassi-
um titanate particles

In order to further purify the synthesized potassium tita-
nate, the obtained alloy was dissolved in distilled water, filtered
from unreacted impurities and by-products of the reaction.
Precipitation of potassium titanate from the filtrate was carried
out with 96 % ethanol; the resulting crystals were dried in air.

Fig. 8 shows a diffractogram of the obtained potassium
titanate. “Match!3” software was used to identify the struc-
ture of potassium titanate.

The morphology of the particles of synthetic potassium
titanate was investigated using the SEM-microscopy meth-

od (Fig. 9).
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Fig. 8. Diffractogram of a purified sample of potassium titanate
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Fig. 9. Scanning electron photograph of purified potassium
titanate

It was determined that individual crystallites of potassi-
um titanate have a shape close to orthorhombic, which was
also confirmed by X-ray diffraction.

6. Discussion of results of investigating the alkaline
leaching of ilmenite from the Irshansky deposit

At the first stage of the research, the phase and chem-
ical composition of the original mineral raw materials was
determined by a set of physicochemical methods. The study
of the chemical and phase composition of the ilmenite con-
centrate could reveal the factors determining the reactivity
of the ilmenite samples from the Irshansky group of depos-
its, as well as determine possible techniques of processing
this mineral raw material.

In accordance with the data from scanning electron
microscopy and X-ray spectral elemental microanaly-
sis (Fig. 1), it has been shown that the selected samples
of raw materials belong to altered ilmenite based on their
chemical composition. This means that this mineral has a
high content of titanium (79 % in terms of TiO,), which
makes it difficult to process it using classic acid methods.

The phase composition and structure of the original
ilmenite was also investigated by X-ray diffraction methods;
the corresponding diffractogram was constructed (Fig. 2).
The main reflexes of the FeTiO3 phase [96—900-0907]
at 23.80°% 32.52°% 35.25% 48.71°; and 53.03° 20 angles were
identified using the “Match!3” software and cards of typical
X-ray patterns of substances. In addition, it was determined
that at 26.52° 35.25°% 41.20°% 54.30° and 56.60° 20 angles
contain the TiO, phase [96-153—-0151]. The presence of a
separate phase of titanium dioxide is proof that the ilmenite
samples from the Irshansky deposit have a high content of
titanium in the ore, which is 79.2 % (in terms of TiO»). The
reason for the increased content of titanium dioxide is the
presence of microcracks that arose in the process of long-
term weathering [17].

At the next stage of our research, the production and
appropriate conditions for the processing of the ilmenite
concentrate from the Irshansky deposit by the method of
alkaline leaching with potassium hydroxide were deter-
mined. Among the main parameters that directly affect the
production process, the following can be distinguished: the
size of the particles of mineral raw materials, the molar ratio
between the components, the temperature and the time of
the leaching process. The degree of extraction was selected
as a quantitative indicator of effectiveness of the leaching
process, which was calculated according to the formula giv-
en in chapter 4.

It should be noted that the size of the ore particles
affects the leaching process, which was also shown by the
authors of works [10, 11]. When studying the influence of
the size of ilmenite particles on the degree of extraction of
titanium(IV), it was found that the maximum value of the
degree of extraction of 86.1 % is achieved using raw mate-
rials with an average particle diameter of <71 pm (Fig. 4).
This dependence can be explained by the fact that parti-
cles with a smaller size of mineral raw materials have a
larger contact area with alkali. The degree of extraction
does not reach 100 % due to the presence of impurities in
the raw material and the effect of the formed ferrum(IIT)
oxide, the layer of which hinders the further diffusion of



alkali to ilmenite. This deficiency can be corrected by
removing ferrum(III) oxide from the reaction mixture.
Solving this problem is one of the promising tasks for
further research.

The degree of extraction of titanium(IV) in the leach-
ing process depends on the molar ratio between the com-
ponents [12]. It was determined that the maximum degree
of extraction of 90.1 % is achieved at a quantitative ratio
of ilmenite and alkali of 1:6, but the difference between
the minimum and maximum degree of extraction is less
than 5 % (Fig. 5). The leaching process is also possible
using alkali solutions [12—14] but is more effective for il-
menites with a low content of titanium dioxide. In addition,
the use of saturated solutions increases the heating time of
the system, complicates the general scheme of obtaining
potassium titanate, which is not economically feasible.
The results obtained during alkaline leaching showed that
in the case of using a larger amount of alkali in the initial
mixture, polytitanates are formed [19-21], which are not
the target product of the study. Also, an excess amount of
alkali leads to its accumulation in the form of an inactive
reagent, which complicates further purification of the
obtained potassium titanate. One of the possible ways to
overcome this problem is to use a mixture of potassium
hydroxide and potassium carbonate, which is the next stage
of experimental research.

Studies of the effect of temperature on the alkaline
leaching process (Fig.6) showed that at a temperature
of 453 K, the degree of titanium(IV) extraction is 86.5 %.
A further increase in the melt heating temperature leads
to a slight increase in product yield (89.8 %), which is in-
significant compared to the energy costs for maintaining a
high process temperature. The research results allow us to
state that the heating temperature up to 453 K is techno-
logically and economically justified since the traditional
processing temperature regime used in industrial titanium
metallurgy is more than 623 K. We note that, as a rule,
the temperature of the leaching process is in the range
of 623-723 K [15, 16]. However, as a result, polytitanates
of different chemical composition can be obtained. In order
to obtain potassium meta titanate, it is advisable to use
minimum temperatures at a molar ratio that corresponds
to the stoichiometry of the chemical reaction.

At the next stage of the study, it was found that in the
first 30 minutes of interaction of the starting substances,
the degree of extraction is 50 %. The maximum degree of
titanium(IV) extraction of 86.13 % was achieved after
three hours from the beginning of contact of the starting
reagents (Fig. 7). According to the kinetics of heteroge-
neous processes, the fusion time should be sufficient for
the passage of diffusion processes at the boundary of phase
separation and a more complete course of the chemical
reaction with unreacted ilmenite particles. The calculation
of kinetic regularities showed that the leaching process is
most successfully described by the kinetic model of the
“compressed sphere” with the limiting stage of the chemical
reaction, which was determined as a result of earlier stud-
ies [22]. Tt was determined that a further increase in the
heating time does not lead to an increase in the degree of
extraction of titanium (IV) from the ilmenite concentrate
from the Irshansky deposit.

Our results provide for the leaching of altered ilmenite
with solid potassium hydroxide in order to obtain potas-

sium titanate with an extraction rate of up to 89 %. The
production-appropriate conditions for obtaining potassium
titanate using ilmenite from the Irshansky deposit are as
follows: ore fraction less than 71 pm, quantitative ratio of
ilmenite and alkali 1:2, temperature 453 K, and contact
time 3 hours. If the specified conditions are met, a qualita-
tive sign of the leaching reaction is a change in the color of
the mixture from gray to green-brown (Fig. 3).

At the stage of extracting potassium titanate, the
alloy was dissolved in a minimum amount of distilled
water, filtered from unreacted impurities and by-products
of the reaction. Next, K,TiO3 was precipitated from the
filtrate with 96 % ethanol, and the resulting powder was
air-dried. In order to identify the potassium titanate ob-
tained by alkaline leaching of ilmenite from the Irshansky
deposit, the X-ray diffraction method was used (Fig. 8).
It was established that the intensity of the main reflec-
tions of KyTiO3 are in the range of 29-34° angles of 26,
which indicates the orthorhombic structure of the crys-
tals and is in good agreement with literature data [23].
SEM-microscopy methods show that potassium titanate
particles are orthorhombic in shape and tend to form ag-
gregates (Fig. 9).

The potassium titanate obtained by the proposed
procedure of alkaline leaching was tested as a catalyst
for the photo destruction of methylene blue dye from
aqueous solutions. The results of the research showed the
prospects of using the synthesized potassium titanate as
a photocatalyst in water purification processes from this
dye. A limiting factor in the use of potassium titanate as
a photocatalytic agent is that its effectiveness has been
shown for cationic dyes such as methylene blue. Regard-
ing dyes of the anionic type, for example, Congo red, the
photocatalytic activity of potassium titanate was not
detected. The study of the processes of modification of
the surface of potassium titanate and the investigation of
photocatalytic activity is a prospect for further research.

7. Conclusions

1. The elemental composition of the raw material was
determined by the methods of scanning electron micros-
copy with X-ray spectral elemental microanalysis and
X-ray diffraction. It was established that the content of
titanium in terms of titanium dioxide is more than 79 %,
which allows processing of mineral raw materials by alka-
line leaching.

2. The effect of particle size, molar ratio of reagents, tem-
perature, and interaction time on the degree of extraction
of titanium(IV) from ilmenite of the Irshansky deposit was
investigated. It was established that the molar ratio between
the components is 1:2 (FeTiO3 : KOH) as appropriate pro-
duction conditions. The melting process is proposed to be
carried out during three hours of heating the mixture at a
temperature of 453 K. The degree of extraction of titani-
um(IV) under these conditions is more than 86 %, when
using raw mineral raw materials with an average particle
diameter of <71 pm.

3. The obtained sample of purified potassium titanate
was examined by SEM and X-ray diffraction methods; it
was established that it has an orthorhombic crystal struc-
ture, and the particles are prone to the formation of ag-



gregates. The method of alkaline leaching of ilmenite with Funding
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tanate is promising for use in the technological process of

processing ilmenite ore by the alkaline leaching method. Data availability

All data are available in the main text of the manuscript.
Conlflicts of interest

The authors declare that they have no conflicts of in- Use of artificial intelligence
terest in relation to the current study, including financial,
personal, authorship, or any other, that could affect the study The authors confirm that they did not use artificial intel-
and the results reported in this paper. ligence technologies when creating the current work.

10.

11.

12.

13.

14.

15.

16.

17.

References

Dante, R. C. (2016). Abrasives, ceramic, and inorganic materials. Handbook of Friction Materials and Their Applications, 105-121.
https://doi.org/10.1016,/b978-0-08-100619-1.00008-0

Asano, K., Yoneda, H., Agari, Y., Matsumuro, M., Higashi, K. (2015). Thermal and Mechanical Properties of Aluminum Alloy
Composite Reinforced with Potassium Hexatitanate Short Fiber. Materials Transactions, 56 (1), 160—166. https://doi.org/10.2320/
matertrans.m2014284

Luo, R, Ni, Y, Li, J., Yang, C., Wang, S. (2011). The mechanical and thermal insulating properties of resin-derived carbon
foams reinforced by KyTigO13 whiskers. Materials Science and Engineering: A, 528 (4-5), 2023—-2027. https://doi.org/10.1016/
j.-msea.2010.10.106

Escobedo Bretado, M. A., Gonzélez Lozano, M. A., Collins Martinez, V., Lopez Ortiz, A., Meléndez Zaragoza, M., Lara, R. H., Moreno
Medina, C. U. (2019). Synthesis, characterization and photocatalytic evaluation of potassium hexatitanate (KyTigO13) fibers.
International Journal of Hydrogen Energy, 44 (24), 12470—12476. https://doi.org/10.1016/j.ijhydene.2018.06.085

Pysarenko, S., Kaminskyi, O., Chyhyrynets, O., Denysiuk, R., Chernenko, V. (2022). Photocatalytic destruction and adsorptive
processes of methylene blue by potassium titanate. Materials Today: Proceedings, 62, 7754-7758. https://doi.org/10.1016/
j.matpr.2022.05.476

Salinas, D., Guerrero, S., Cross, A., Araya, P, Wolf, E. E. (2016). Potassium titanate for the production of biodiesel. Fuel, 166,
237-244. https://doi.org/10.1016/j.fuel.2015.10.127

Huo, K., Zhao, J., Zhuang, J., Yao, Z., Hu, M., Wang, B. et al. (2024). Hydrothermal synthesis of lepidocrocite-like potassium lithium
titanate KogoLip267Ti1.73304 (KLTO) with superior polarization performance. Chemical Engineering Journal, 482, 148783. https://
doi.org/10.1016/j.cej.2024.148783

Mineral commodity summaries 2022 (2022). US Geological Survey. https://doi.org/10.3133/mcs2022

Thambiliyagodage, C., Wijesekera, R., Bakker, M. G. (2021). Leaching of ilmenite to produce titanium based materials: a review.
Discover Materials, 1 (1). https://doi.org/10.1007 /s43939-021-00020-0

Liu, Y, Qi, T,, Chu, J., Tong, Q., Zhang, Y. (2006). Decomposition of ilmenite by concentrated KOH solution under atmospheric
pressure. International Journal of Mineral Processing, 81 (2), 79-84. https://doi.org/10.1016 /j.minpro.2006.07.003

Liu, Y, Li, H,, Qi, T, Zhang, Y. (2012). Extraction behaviours of titanium and other impurities in the decomposition process of
ilmenite by highly concentrated KOH solution. International Journal of Minerals, Metallurgy, and Materials, 19 (1), 9—14. https://
doi.org/10.1007 /s12613-012-0508-3

Nayl, A. A, Awwad, N. S,, Aly, H. E (2009). Kinetics of acid leaching of ilmenite decomposed by KOH. Journal of Hazardous
Materials, 168 (2-3), 793-799. https://doi.org/10.1016/j.jhazmat.2009.02.076

Nayl, A. A,, Aly, H. E (2009). Acid leaching of ilmenite decomposed by KOH. Hydrometallurgy, 97 (1-2), 86-93. https://doi.org/
10.1016/j.hydromet.2009.01.011

Kordzadeh-Kermani, V., Schaffie, M., Hashemipour Rafsanjani, H., Ranjbar, M. (2020). A modified process for leaching of ilmenite
and production of TiOy nanoparticles. Hydrometallurgy, 198, 105507. https://doi.org/10.1016 /j.hydromet.2020.105507

Yousef, L. A. (2017). Uranium Adsorption Using Iron-Titanium Mixed Oxides Separated from Ilmenite Mineral, Black Sands,
Rosetta, Egypt. Arab Journal of Nuclear Sciences and Applications, 50 (3), 43—57.

Amer, A. M. (2002). Alkaline pressure leaching of mechanically activated Rosetta ilmenite concentrate. Hydrometallurgy, 67 (1-3),
125-133. https://doi.org/10.1016,/50304-386x(02)00164-0

Pysarenko, S. V., Chernenko, V. Yu., Chygyrynets, O. E., Kaminskiy, O. M., Myronyak, M. O. (2021). Alkaline leaching of
titanium from ilmenite of Irshansk deposit. Voprosy Khimii i Khimicheskoi Tekhnologii, 6, 51-56. https://doi.org/10.32434/
0321-4095-2021-139-6-51-56


https://doi.org/10.1016/b978-0-08-100619-1.00008-0
https://doi.org/10.2320/matertrans.m2014284
https://doi.org/10.2320/matertrans.m2014284
https://doi.org/10.1016/j.msea.2010.10.106
https://doi.org/10.1016/j.msea.2010.10.106
https://doi.org/10.1016/j.ijhydene.2018.06.085
https://doi.org/10.1016/j.matpr.2022.05.476
https://doi.org/10.1016/j.matpr.2022.05.476
https://doi.org/10.1016/j.fuel.2015.10.127
https://doi.org/10.1016/j.cej.2024.148783
https://doi.org/10.1016/j.cej.2024.148783
https://doi.org/10.3133/mcs2022
https://doi.org/10.1007/s43939-021-00020-0
https://doi.org/10.1016/j.minpro.2006.07.003
https://doi.org/10.1007/s12613-012-0508-3
https://doi.org/10.1007/s12613-012-0508-3
https://doi.org/10.1016/j.jhazmat.2009.02.076
https://doi.org/10.1016/j.hydromet.2009.01.011
https://doi.org/10.1016/j.hydromet.2009.01.011
https://doi.org/10.1016/j.hydromet.2020.105507
https://doi.org/10.1016/s0304-386x(02)00164-0
https://doi.org/10.32434/0321-4095-2021-139-6-51-56
https://doi.org/10.32434/0321-4095-2021-139-6-51-56

18.

19.

20.

21.

22.

23.

Pysarenko, S. V., Kaminskiy, O. M., Chyhyrynets, O. E., Chernenko, V. Yu.,, Myroniak, M. O., Shvalahin, V. V. (2022).
Thermodynamics of leaching of leukoxenized ilmenite. Voprosy Khimii i Khimicheskoi Tekhnologii, 1, 83-87. https://doi.org/
10.32434,/0321-4095-2022-140-1-83-87

Fouda, M. E R., Amin, R. S, Saleh, H. 1., Mousa, H. A. (2010). Extraction of Ultrafine Titania from Black Sands Broaden on
the Mediterranean Sea Coast in Egypt by Molten Alkalies. Australian Journal of Basic and Applied Sciences, 4 (9), 4256—-4265.
Available at: https://www.ajbasweb.com /old /ajbas/2010/4256-4265.pdf

Subagja, R., Andriyah, L., Hanum Lalasari, L. (2013). Decomposition of ilmenite from Bangka Island — Indonesia with KOH
solutions. Asian Transactions on Basic and Applied Sciences, 3 (2), 59—64. Available at: https://citeseerx.ist.psu.edu/document?re
pid=rep1&type=pdf&doi=8b88ded1cc64a891b3992afc19f77e13fa1710ff

Parirenyatwa, S., Escudero-Castejon, L., Sanchez-Segado, S., Hara, Y., Jha, A. (2016). Comparative study of alkali roast-
ing and leaching of chromite ores and titaniferous minerals. Hydrometallurgy, 165, 213-226. https://doi.org/10.1016/
j.hydromet.2015.08.002

Pysarenko, S., Kaminskyi, O., Chyhyrynets, O., Denysiuk, R., Anichkina, O., Chernenko, V. (2023). Kinetics of alkaline
leaching process of titanium (IV) from ilmenite. Journal of Chemical Technology and Metallurgy, 58 (6), 1146—1152. https://
doi.org/10.59957 /jctm.v58i6.155

mp-13133. Materials Explorer. Available at: https://next-gen.materialsproject.org/materials/mp-13133/


https://doi.org/10.32434/0321-4095-2022-140-1-83-87
https://doi.org/10.32434/0321-4095-2022-140-1-83-87
https://www.ajbasweb.com/old/ajbas/2010/4256-4265.pdf
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=8b88ded1cc64a891b3992afc19f77e13fa1710ff
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=8b88ded1cc64a891b3992afc19f77e13fa1710ff
https://doi.org/10.1016/j.hydromet.2015.08.002
https://doi.org/10.1016/j.hydromet.2015.08.002
https://doi.org/10.59957/jctm.v58i6.155
https://doi.org/10.59957/jctm.v58i6.155
https://next-gen.materialsproject.org/materials/mp-13133/

