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ABSTRACT

The article presents the results of the study for the synthesized manganese dioxide sorbent after
its saturation with lithium from brine. The sorbent was previously prepared. For this purpose the
mixture of manganese oxide compounds was kept with lithium hydroxide in a wet state at 125 °C,
calcinated at 450 °C and then the precursor was treated with dilute hydrochloric acid. The process
intended to saturate the sorbent with lithium was performed by putting it in contact with a lithium-
containing brine with a pH of 8.77 at T = 40°C for 24 hours in four cycles. The sorbent after
saturation was studied using X-ray phase and thermal analysis methods. X-ray phase analysis
showed that lithium-containing phases are represented by such compounds as Li(Lio.1:7Mno.s3)204
and Lio.7sMn1.8804. The results of thermal analysis show the possibility of phases to be in the sorbent
after saturation LiMn204 and Li;,3sMn204 phases. The study results showed that ion-exchange
interaction takes place between the lithium-ion from the brine and the proton from the
manganese-oxide spinel composition to a greater extent during sorption. Besides, the redox
nature of the interaction is present during the sorption of lithium. All lithium intercalation
reactions proceed topotactically without significant changes in the main structure of the original
sorbent.

Keywords: lithium, brine, sorbent, manganese dioxide, sorption, exchange capacity.

Karshyga Zaure Baitaskyzy

Information about authors:
Ph.D., Leading Researcher, Institute of Metallurgy and Ore Beneficiation JSC, Satbayev University,
Shevchenko str., 29/133, 050010, Almaty, Kazakhstan. Email: z.karshyga@satbayev.university

Abdulvaliyev Rinat Anvarbekovich

Candidate of Technical Sciences, Head of the Laboratory of Alumina and Aluminium of the Institute
of Metallurgy and Ore Beneficiation JSC, Satbayev University, Shevchenko str., 29/133, 050010,
Almaty, Kazakhstan. Email: rin-abd@inbox.ru

Yersaiynova Albina Abatkyzy

Ph.D. student, Leading Engineer, Institute of Metallurgy and Ore Beneficiation JSC, Satbayev
University, Shevchenko str., 29/133, 050010, Almaty, Kazakhstan. Email:
a.yersaiynova@stud.satbayev.university

Yessengaziyev Azamat Muratovich

Ph.D., Head of the Laboratory of Titanium and Rare Refractory Metals of the Institute of Metallurgy
and Ore Beneficiation JSC, Satbayev University, Shevchenko str., 29/133, 050010, Almaty,
Kazakhstan. Email: a.yessengaziyev@satbayev.university

Orynbayev Bauyrzhan Munarbaiuly

Ph.D. student, Leading Engineer, Institute of Metallurgy and Ore Beneficiation JSC, Satbayev
University, Shevchenko str., 29/133, 050010, Almaty, Kazakhstan. Email:
Bauyrzhan.Orynbayev@stud.satbayev.university

Kvyatkovskaya Marina Nikolayevna

Researcher, Institute of Metallurgy and Ore Beneficiation JSC, Satbayev University, Shevchenko str.,
29/133, 050010, Almaty, Kazakhstan. Email: kmn_55@mail.ru

Introduction

Currently, we are intensely experiencing climate
change every year - floods, forest fires, droughts and

Lithium plays a key role in the advancement of
energy storage technologies, electric mobility and
wireless devices. It effectively addresses such
significant problems as environmental pollution,
climate change and fossil fuel shortages [[1], [2]].

Global emissions of carbon dioxide (CO3)
produced by fossil fuels increased and reached the
highest level in history between 2021 and 2022 [[3],

[4]].

other major disasters due to the release of CO, gas
and other gases into the atmosphere in large
guantities. In this regard, international organizations
intend to switch to renewable energy sources in
order to reduce the spread of greenhouse gases and
to reduce the load of fossil fuels [5]. The main human
activity that produces CO; emissions is the
combustion of fuels (coal, natural gas and oil) used
to generate electricity and vehicles [[6], [7]].
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One of the best solutions is to replace
traditional modes of transport with electric vehicles
to prevent the depletion of oil and gas reserves
around the world, as well as environmental,
economic and geopolitical problems. The main
component of electric vehicles is lithium-ion
batteries.

Lithium-ion batteries (LIBs) are popular power
sources in various applications due to their high
energy density, efficiency, reliability and variety of
electrode configurations. Recently, there has been a
steady trend towards the development of a new
generation of lithium-ion batteries with increased
capacity and energy density, intended for electric
vehicles (EV), hybrid electric vehicles (HEV), space
objects and autonomous electronic devices (for
example, hybrid solar panels) [[8], [9], [10], [11],
[12]].

Lithium is very relevant in the production of
high-tech equipment [13]. The need for lithium is
expected to increase in the coming decades with
increase in demand for electric vehicles and
renewable energy. According to McKinsey &
Company forecasts, the demand for lithium-ion
batteries will increase by 4,700 TWh by 2030,
leading to the rapid development of lithium mining
[14].

Currently, it is recommended to use various
mineral raw materials and industrial wastes to
extract strategically important metals [[15], [16],
[17], [18], [19]]. Lithium is extracted mainly from
hydromineral raw materials (brines), hard rocks, and
also from waste lithium batteries [20]. Each of these
sources has its advantages and disadvantages. One
of the most attractive raw materials for lithium
sources is natural brines since they require lower
environmental and economic costs compared to
mining from hard rocks. Brines contain dissolved
lithium ions which can be extracted with the use of
various methods such as evaporation, precipitation,
liquid-liquid extraction, sorption and membrane
methods [[21], [22], [23], [24], [25]]. One promising
method is the sorption of lithium from brines.
Methods for the sorption of lithium from brines can
be performed with the use of both organic and
inorganic sorbents. Cation exchangers based on
sulfo groups and based on amino groups can
effectively sorb lithium and can also be effective for
the extraction of lithium from solutions, especially
under certain pH conditions. But organic ion
exchangers have selectivity not only for lithium but
also for other ions. It can complicate the separation

and purification of recovered lithium and also result
in the formation of organic waste which may require
special disposal or treatment methods increasing
the environmental burden of the process [26]. The
synthesis and application of highly selective
inorganic sorbents for lithium is a current scientific
direction [[27], [28]].

Lithium-ion sieves (LIS) are considered one of
the most promising materials for lithium recovery
from low-lithium brines due to their high adsorption
capacity and excellent lithium selectivity. Studies
confirm manganese oxide (LMO) and titanium oxide
(LTO) sorbents as effective methods for lithium
recovery from brines [[29], [30], [31]].

Currently, there are two main classifications of
LTO-type LIS: layered structures based on H,TiOs and
spinel structures based on H4TisO12 [32]. The
structure of H,TiOs is explained by the main layered
structure of the H,TiOs precursor, similarly, the
spinel structure of HsTisO1; is derived from the spinel
structure of its precursor - LisTisO1,. Titanium-based
lithium-ion sieves have attracted attention due to
their theoretical superior adsorption capacity but
the practical adsorption capacity observed after
extraction of lithium from brine or seawater is often
lower [33].

Lithium-ion oxides based on spinel-type
manganese oxide are currently the most popular
selective sorbents. The scientists developed
sorbents on such oxide-based manganese as A-
MnO,;, Mn0,-0.3H,0 and Mn0,:0.5H,0 from the
precursors LiMn;04, Li133sMnie704 (LisMnsOi,) and
Li1.sMn1604 (LizMn20s) [[34], [35]]. These sorbents
have excellent adsorption capacity; for example,
sorbents made from precursors have the following
sorption capacity: LiMn,04 - 39.9 mg/g, LiaMnsO; -
59 mg/g, and the sorbent from the precursor
Li1.eMn1604 has high capacity of 72.3 mg/g [36]. The
advantage is their high selectivity for lithium, which
avoids the sorption of other ions present in the
solution [[37], [38]]. The specific adsorption of
lithium relative to other coexisting ions occurs due
to the unique ability of lithium ions in aqueous
solution to selectively maneuver through layered
gaps and occupy exchange sites relative to such
competing ions as K*, Na*, Ca** and Mg*. This
selectivity is due to the large ionic radii of ions such
as K* (0.138 nm), Na* (0.102 nm) and Ca?" (0.100
nm), in contrast to Li+ (0.074 nm), which makes
them wunable to cross narrow channels [39].
Although Mg?* (0.072 nm) has a similar ionic radius
to Li*, its significantly higher free energy of hydration
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compared to Li prevents its dehydration, thereby
limiting its access to exchange sites [[28], [40]].

The study examined the conditions for obtaining
a lithium-manganese precursor and its acid
treatment, as well as the sorption characteristics
and sorption capacity of the synthesized sorbent
[41].

It is of great interest to study the composition of
the saturated manganese dioxide sorbent to clarify
and obtain additional information regarding the
process of lithium sorption from brine.

Experimental part

Materials. Lithium hydroxide monohydrate
LiOH-H,0 brand “puriss.”; hydrochloric acid HCI
qualification “puriss.”; Mn,03 “puriss. spec.”, MnO
“puriss.”, brine from oil and gas fields.

Preparation of manganese dioxide sorbent. The
preparation of sorbents consisted of three stages: 1)
holding in an oven with treatment of a mixture of
manganese oxide compounds and lithium hydroxide
in an aqueous environment at 125 °C for 13 hours
until dry at the end; 2) calcination of the processed
product in a muffle furnace SNOL 7.2/1300 at 450 °C
for 6 hours; 3) acid treatment of the precursor with
dilute hydrochloric acid (0.5 mol/dm?3) at 40 °C with
stirring for 24 hours.

Methodology and analysis methods.
Experimental procedure. Sorption with saturation of
manganese dioxide sorbent was performed under
static conditions in a 3 dm3 glass, with a VELP
Scientifica LS F201A0151 (Italy) mechanical stirrer
installed above it, providing a fixed number of
revolutions. The constant temperature was
maintained with the use of an Aizkraukles TW 2.02
water bath thermostat (ELMI, Latvia). A given
amount of sorbent was transferred into a glass filled
with a given volume of brine, set to a given
temperature and stirred for a certain time to carry
out sorption. The solution was separated from the
sorbent by decantation, and then contact of the
sorbent with a fresh portion of brine was ensured
after sorption. Saturation of the sorbent upon
contact with fresh portions of brine was performed
in 4 cycles. The saturated sorbent was washed and
dried after sorption.

Determination of the capacity of sorbents. Static
exchange capacity is calculated by the formula:

SEC — (CO_ Ce) -V

where, SEC — static exchange capacity; Co— metal
concentration in the initial solution, mg/dm?3; C. —
residual equilibrium concentration of metal in the
solution, mg/dm3; V — solution volume, dm3; m — a
mass of dry sorbent, g.

Analysis methods. The quantitative content of
the studied elements in brines is determined with
the use of an Optima 8300DV atomic emission
spectrometer with inductively coupled plasma and a
SHIMADZU atomic absorption spectrophotometer
type AA-7000 (Japan). X-ray phase analysis (XPA)
was performed on a D8 ADVANCE diffractometer
"BRUKER AXS GmbH", (Germany) Cu—Ka radiation,
PDF-2 database of the International Center for
Diffraction Data ICDD (USA).

Thermal analysis of the saturated sorbent
sample was performed with the use of an STA 449
F3 Jupiter simultaneous thermal analysis device.
Before heating, the furnace space was evacuated
(evacuated per cent level ~ 92 %) and then purged
with inert gas for 5 minutes. Heating was performed
at a rate of 15°C/min. in an atmosphere of highly
purified argon. Cooling was performed at a rate of
17 °C/min. The total volume of incoming gas was
maintained within 50 ml/min. The results obtained
with the STA 449 F3 Jupiter were processed with the
use of the NETZSCH Proteus software.

Results and Discussion

The manganese dioxide sorbent for lithium
sorption was synthesized according to the
conditions presented above and may have a
composition close to MnO;nH,0; the process
presumably occurs via the ion exchange mechanism.
X-ray phase analysis (XRD) of the sorbent and its
precursors is shown in Figure 1 (a, b, c). As can be
seen from Figure 1a, lithium manganese oxide
(LMOQO) was formed with the composition LiMnO;
with an orthorhombic crystal lattice structure (space
group Pmnm) as a result of holding a mixture of oxide
compounds of manganese (Il), (lll) and lithium
hydroxide in a wet state in a drying oven at 125 °C
for 13 hours until it was dry. The oxidation of
manganese present in the trivalent state to
tetravalent with the transformation of the main
phase of the LMO LiMnO; to Li;,sMn1,604 occurs with
further calcination of the resulting LMO at 450 °C for
6 hours. It represents a face-centred cubic system
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(space group Fd3m) with a lattice constant of 8.14 A
(Figure 1 c). It can be noted that the main phase of
the resulting sorbent is represented by manganese
(IV) dioxide as a result of acid treatment of the
precursor after calcination; the diffraction pattern
retained the cubic structure with only a slight
decrease in the constant lattice to 8.036 A (Figure 1
c). It may indicate that the acid treatment with the
extraction of lithium from the precursor proceeds
topotactically with the preservation of the cubic
structure of the crystal lattice [42].
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Figure 1 - Diffraction patterns of lithium-manganese
oxide of the first stage of processing (a), precursor after
calcination (b), and sorbent (c).

As can be seen from Figure 1 b, some part of
underoxidised orthorhombic LiMnO; also remains
after calcination. Orthorhombic LiMnO, adopts an
ordered rock salt structure consisting of zigzag sheets of
edge-sharing MnQOg octahedra, separated by
octahedrally coordinated lithium ions (Figure 2).
According to work [43] the delithiation reactions which
occur between orthorhombic LiMnO, and acid depend
on the physical form of the material. On exposure to
acid, a single crystal of LIMnO, was observed to undergo
a delithiation reaction as described in reaction (1) to
form a phase of composition MnO:

2 LiMNO; + 2 H* - Mn0, + 2 Li* + H, (1)

A-MnO, MnQ,
(Disorderad rocksalt)

Figure 2 - Delithiation of LiMn204 and LiMnOz leads to the
formation of new metastable polymorphs of MnO: [43].

In contrast, the reaction between powder samples
of orthorhombic LiIMnO, and acid proceeds via a
combination of disproportionation and ion exchange as
shown in reactions (2) and (3) [[43], [44]]:

3L|Mn02 +4 VH+ -> Lia.zVM n3.V05.2v + VM n2+ + 2V|.I+ +
+2yH,0 ()

LIMNnO; + xH* - LizHMnO; + xH* (3)

In this case, the deintercalation reaction drives
migration of the manganese cations so that they adopt
the A-MnO; network of delithiated LiMn,04, which
shares a common oxide ion lattice with the rock salt
structure.

Transformation of the orthorhombic LiMnO, to the
spinel-type lithium manganese oxide has been
explained by researchers in the works [[45], [46]]. A
delithiated orthorhombic LiMnO; structure is unstable;
lithium extraction from the zig-zag layers s
accompanied by a migration of manganese cations into
some of the octahedral sites left vacant by the extracted
lithium to yield a stable spinel-type structure.

Lithium extraction from the zig-zag channels causes
a displacement of 50% of the manganese ions into
neighbouring octahedra left vacant by the extracted
lithium ions. These displacements generate the 3:1
spinel ratio of manganese ions in alternate layers
between the close-packed oxygen planes.

Thus, the obtained sorbent, represented according
to XRD, spinel structure of MnO,, can have both
MnO2:nH,O and A-MnO. phases in its composition.
Additional information can be obtained after saturation
of the sorbent, which should result in lithium
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intercalation with the formation of lithium-manganese
phases.

The saturation of the sorbent with lithium was
carried out by contacting it with a lithium-containing
brine containing: 38,32 mg/dm?3 Li; 10,14 g/dm3 Ca;
2,29 g/dm3 Mg; 27,26 g/dm3 Na; 0,824 g/dm? K;
0,335 g/dm3 Al.

The saturation process of 4 g of sorbent was
performed in four cycles while maintaining the
following conditions in each cycle: T = 40°C; duration
24 hours; brine volume 2.8 dm?3, brine pH 8.77. In
this case, the total capacity of the sorbent for lithium
for all cycles was 20.44 mg/g. The sorbent, after its
saturation with lithium, was studied using
instrumental analysis methods.

Study of the saturated sorbent composition. The
manganese dioxide sorbent was studied by X-ray
phase analysis after saturation by providing contact
with brine. Figure 3 shows a diffraction pattern of a
saturated sorbent.
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Figure 3 — Diffraction pattern of saturated sorbent

It can be seen according to the XRD data in
Figure 3 that new lithium-containing oxide phases
were formed on the sorbent during the sorption of
lithium from brine, i.e., lithium-manganese oxides -
mostly Li(Lio.17Mno.83)204, stoichiometrically
equivalent to the Li1.34Mn1604, compound, and in
slightly smaller quantities of Lip7sMn15304. Both
phases have a cubic Fd3m crystal lattice structure
with a lattice constant of 8.14 A for Li(Lio.17Mno.s3)204
and 8.18 A for Lip7sMnigsOs. The sample also
contains oxide Mn,.0302 and manganese hydroxide
Mn(OH),. It can be noted that the valence of
manganese in the Li(Lio.17Mno.s3)204 phase is close to
four, i.e., when this compound was formed during
the interaction of the sorbent with lithium from the

brine, the valence of manganese did not change. It
indicates that the process of lithium sorption mainly
occurred through the ion exchange mechanism in
this case, and not with the participation of valence
forces due to the exchange of electrons between the
sorbent and the brine [47]. Chitrakar et al. built a
phase diagram containing of lithium manganese
oxides and their delithiated products [42] (Figure 4).
The diagram shows a compound of Li133Mn16704
composition, and it is almost similar to the
Li(Lio.17Mnos3),04 phase obtained in a saturated
sorbentin composition. According to the diagram,
the reactions of lithium extraction and incorporation
to form the delithiated oxide product Mn0,-:0.31H,0
and lithium-manganese oxide Li133Mn;6704,
respectively, can occur in both directions.

Zy,
H/Mn

Mnl, 0.5H 00
Ton gy, ™
\ Nehange pogin.
1—..,__:- .
y

MnQ,. 0.31H,0

4

[ win 0,
(h-MnD;)

Ei/Mn

Q) LMo,

Figure 4 — Phase diagram of lithium manganese oxides
and their delithiated products [42]

However, the formation of the Li(Lio.17Mno.s3)204
phase obtained as a result of saturation can be
represented under the expected reaction:

1.34 Li* + 1.66 (Mn0,-0.4H,0) >
Li(Li0_17Mno,83)204 +1.34 H* (4)

In this case, the expected composition of the
sorbent before its saturation with lithium, calculated
by equation (4), can be represented as
MnO,-0.4H,0. A sorbent of similar composition was
obtained by the authors of from a precursor with the
composition of LisMnsOi,, i.e. from Li133Mn16704
[48].

Lithium sorption from brine also partially occurs
with the formation of the Lio7sMn15304 phase. The
Lio7sMn13304 phase has manganese with both
valence +4 and +3. The formation of this compound
may was influenced by the presence of the Mn(OH),
phase in the sorbent. Its presence led to the




Complex Use of Mineral Resources. 2025; 334(3):59-69

ISSN-L 2616-6445, ISSN 2224-5243

formation of lithium-manganese oxide,
accompanied by a coproportionation reaction. The
expected reaction can be imagined:

0.78 Li* + 1.73 (Mn0,-0.4H,0) + 0.15 Mn(OH),
- Lio7sMn15s04 + 0.78 H* + 0.452 H,0  (5)

or

0.78 Li* + 1.73 MnO3 + 0.15 Mn(OH), + 0.24 H,0
- Lio7sMn1g304 + 0.78 H" (6)

At the same time, the Lip7sMn1ssO4 phase is
close in composition to the LiMn,0, spinel with a
cubic crystal structure belonging to the Fd3m space
group. Lithium ions occupy position 8a of tetrahedra
in this structure. Mn3" and Mn* ions are randomly
distributed over the positions of 16d octahedra with
a molar ratio of 1:1, and oxygen anions occupy
positions of 32e face-centred cubes [43]. The
approximately cubic, close-packed array of oxide
ions includes an MnOQOg octahedron connected in
three dimensions by common edges. On the other
hand, the unit cell of LiMn,04 can be considered a
complex cubic structure: 32 oxygen atoms and 16
manganese atoms occupy half-positions of the
octahedral interstitial site (16d), and the remaining
half-positions (16c) are free. Here, 8 lithium atoms
occupy 1/8 of the tetrahedral interstitial site (8a). Li*
can be intercalated/deintercalated in the three-

dimensional network of vacant octahedra and
octahedral interstices along the 8a-16c-8a-16c¢
channel, which is the structural basis of Li*

intercalation/deintercalation in LiMn,04 spinel [49].
Hunter in his work proposed a redox mechanism for
the topotactic extraction of lithium from LiMn,04
and defined the resulting spinel-type manganese
oxide as A-MnO, [50]:

4(Li)[Mn"Mn"V]04 + 8H* = 3(0)[Mn",]O;4 + 4Li*
+2Mn?* + 4H,0 (7)

where () are tetrahedral positions 8a; [] —
octahedral positions 16d; o — vacant positions.

In turn, the authors proposed a redox
mechanism for the introduction of Li* into the
dioxide structure when they studied the adsorption

properties of A-MnO; with the extraction of lithium
from the aqueous phase [51]:

(@)IMn"3]04 + NLIOH = (LinO1-n)[Mn",Mn";.,]04
+(n/2)H,0 + (n/4)0, (8)

Besides, the author found during the study that
spinels have 2 types of Li* extraction/incorporation
reaction centres - redox-type centers and ion-
exchange-type centres [51]. The proportions of each
type can be assumed from the values of the Li/Mn
molar ratio and the total valence of manganese in
spinel. lon exchange-type centres are predominantly
formed at temperatures below 500 °C, while redox-
type centres are formed at higher temperatures.
Extraction/incorporation reactions of Li* occur
predominantly with ion-exchange-type centres.

As it can be seen from equation (8), the reaction
proceeds by interaction with LiOH; the extraction of
lithium for manganese dioxide took place from a
chloride-type brine upon saturation of the resulting
sorbent in this study. At the same time, the pH of the
brine was slightly alkaline and amounted to 8.77,
and the brine contained hydroxyl ions in the
composition of LiOH required for the possible
occurrence of this reaction.

However, the researchers indicate that centres
of the redox type are formed predominantly at
temperatures of 500 °C and above [51]. The
precursors were calcined at 450 °C in the present
study, as noted above, and the Lig7sMn1.3304 phase
was present in a small amount according to the XRD
of the saturated sorbent. Its formation could also be
influenced by the presence of Mn(OH); (reaction 5
or 6).

A thermal analysis of the saturated sorbent was
performed; the thermograms are presented in
Figure 5. As can be seen from the results of the
above studies, an exothermic effect with a peak at
471.4 °C appeared on the DTA curve; well-
pronounced endothermic effects with maximum
development at 1084.2 °C and 1155.3 °C can also be
noted. The dDTA curve recorded additional
endothermic effects with extremes at 386.9 °C,
513.1°C, 602.6 °C, 835.2 °C, 943.6 °C. Minima can be
noted at 526.2 °C, 584.5 °C, 1011 °C on the DTG
curve.

— (4 ——
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Figure 5 — Thermogram of the sorbent sample after saturation

The exothermic effect with a peak at 471.4 °Ciin
the DTA curve may be a manifestation of the
crystallization of the synthesized manganese dioxide
gel. The combination of endothermic effects with
extremes at 386.9 °C and 943.6 °C on the dDTA curve
and an endothermic effect with maximum
development at 1,155.3 °C on the DTA curve may
reflect the presence of manganite - MnOOH. The
first effect is associated with dehydration and the
formation of pyrolusite or B-kurnakite (R-Mn,0s3).
Pyrolusite can transform into B-Mn,0s3 in the region
of 500 — 600 °C. In the region of the development of
the second effect (943.6 °C), B-Mn,0; decomposes
with the formation of R-Mn304. The latter effect
reflects the reversible polymorphic transformation
of B-Mn304 into y-Mn304.  Considering separately
the peaks of 1,084.2 °C and 1,155.3 °C on the DTA
curve, we can assume the presence of a-Mns0,. The
first peak reflects the transition of a-Mns0, into R-
Mns04, the second — the reversible polymorphic
transformation of R-Mn30, into y-Mn30a.

Buzanov provides thermograms of LiMn;0a,
Li;sMn,04 [52]. It can be assumed that the
endothermic effect with an extremum at 835.2 °C
reflects the decomposition of the LiMn,0, phase.
The peak of decomposition was recorded at 846 °C
in the source. In superposition, with a stretch, a
combination of the endothermic effect with an
extremum at 602.6 °C on the dDTA curve (on the
DTG curve it corresponds to a minimum at 584.5 °C)
with the above-mentioned endothermic effect

835.2 °C (on the DTG curve it corresponds to a very
weak minimum at 813.5 °C) may be a manifestation
of the decomposition of Li;3sMn,04. The thesis
indicates temperatures of 613 °C and 823 °C.

It is not possible to unambiguously state the
presence of y-MnO; in a sample. The combination of
endothermic effects at 602.6 °C, 943.6 °C on the
dDTA curve and 1155.3 °C on the DTA curve can be
interpreted as both a manifestation of B-MnO; and
a manifestation of y-MnO,.

As the results of thermal analysis show, the
presence of phases of lithium-manganese oxides -
LiMn,04 and Li1,3sMn;04is assumed in a sample of a
saturated sorbent, in addition to the possible phases
of manganite MnOOH, a-Mn304, B8-MnO; or y-MnO..
The detection of LMO phases indicates the sorption
of lithium from brine with intercalation of lithium
into the composition of the synthesized manganese-
oxide spinels with the formation of these
compounds.

Conclusions

The results of the studies showed that the
sorption of lithium from brine on a synthesized
manganese-oxide sorbent occurs with the formation
of new lithium-containing phases. X-ray phase
analysis showed the presence of phases in the
sorbent after its saturation with lithium of
Li(Lio,17Mn0_83)204 and Li0_78|\/|n1_gso4. The formation
of the first phase occurs without a change in the
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valence of manganese. It may indicate the ion-
exchange nature of the interaction during the
sorption of lithium from brine. And the formation of
the second phase that occurs with a change in the
valence of part of the manganese, indicates the
redox nature of the interaction during sorption. The
possibility of the presence of LiMn;Os and
Li;,3Mn,04, phases in the sorbent after saturation,
formed due to redox reactions, is also indicated by
the results of thermal analysis. In general, an ion
exchange interaction takes place between a lithium
ion from the brine and a proton from the manganese
oxide spinel composition during sorption. All lithium
intercalation reactions proceed topotactically
without significant changes in the main structure of
the original sorbent.
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Ty3Abl epiTiHAinepaeH AUTHiAI copbumnanaraHHaH KeliH anbiHFaH MmapraHey,
AMNoKcnai copbeHTiH PU3nKa-XuMHUANDIK 3epTTey

A6aynsanues P.A., Kapwblifa 3.6., EpcaiibiHoBa A.A., EceHrasues A.M.,
OpbiH6aes b.M., KeaTkoBckaa M.H.

Memannypeus 1aHe KeH balibimy uHcmumymeol AK, Cambaes yHusepcumemi, Aamamel, KazakcmaH

TYAIHAEME

MakKkanaga mapraHew, AMOKCUA HerisiHae cMHTe3aenreH cCopbeHTTiH Ty34bl epiTiHAigeri AMTuiimeH
KaHbIKKAHHAH KeWiHri 3epTrey HaTwxkenepi 6epinreH. AngpiH ana paibiHganfaH copbeHT:
MapraHeLw, OKCUAj KOCbINbICTapbl MeH IUTUIN Ttapokenaid 125 °C temnepaTypasa biafangpl Kyige
ycTaygaH, onapabl 450 °C KyWAipy4eH KoHe ofaH dpi CYMbINTbIIFAH Ty3 KblWKbIAbIMEH
Makana kengi: 30 Mambip 2024 NpeKypcopAbl KbIWKbINAbIK 6HAeyAeH Typaabl. CoOpbeHTTi AMTUIMMEH KaHbIKTbIpy npotieci pH 8,77
CapantamagaH eTri: 23 mayceim 2024
Kabbinganapl: 15 winde 2024

NnTUiIA 6ap Ty3apl epiTiHaiMeH 24 cafaT 60Mibl KaHbIKTbIPY apKbi/bl KYPri3ingi, KaHbIFyaaH KeniHri
copbeHT peHTreHA K dasa KoHe TePMUANBIK Tanaay dA4icTepi KemerimeH 3epTTengi. PeHTreHaik
dasanbik Tangay HatmxkeciHge Li(Lio17Mnoss)204 m Lio7sMn1ssOs KypambiHaa nutuin 6ap ¢dasa
KOCbINIbICTApbl aHbIKTanapl. TEPMUANbIK Tanaay HaTUXKenepi KaHblKKaHHaH KeliH copbeHTTe
LiMn204 aHe Li1,3Mn204 dpazanapbiHbiH 601aTbIHAbIFbIH KOPCETTI. 3epTTey HaTUKenepi 6oMbIHLWa
copbuma KesiHge Ty3abl epiTiHaiaeri MMTUI MOHbI MeH MapraHeL-OKCUATI WNUHENbA KYPaMHbIH,
NPOTOHbI apPacbiHAA MOH anmacy SpeKeTTecyiHiH, Kebipek 6onaTbiHbIH KepceTTi. COHbIMEH KaTap,
NINTUI copbumaAckl KesiHae apeKeTTecyiH, TOTbIFY-TOTbIKCbI3AaHY cunaTbl 6ap. JIuTuiain, 6apabik
MHTepKanaumsa peakuusanapbl 6actankpl COPOEHTTIH, HEri3ri KypblabiMbIHAA eneyni e3repictepcis
TONOTaKTUKANbIK TYPAE Kypeai.

TyiiiH ce30ep: nTWiA, Ty3ap! epiTiHAj, COPBEHT, MapraHeL, AMOKCUAI, CopbLMs, aimacy Kenemi.
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PuUsnKo-xummnueckoe uccnegoBaHme copbeHTa AMOKCUAa mapraHua nocne
cop6buunmn AuTNA U3 pacconos

A6gynsanues P.A., Kapwblifa 3.6., EpcaitibiHoBa A.A., EceHrasues A.M.,
OpbiHb6aes b.M., KBaTkoBckasa M.H.

AO MHcmumym memannypauu u obozaweHus, Satbayev University, Aamamel, Kazaxcma

AHHOTAUMA

B cTaTbe NpeacTaB/ieHbl pesynbTaTbl UCCEA0BAHUIA MO U3YHEHWIO CUHTE3MPOBAHHOTO CopbeHTa ANOKCUAA
MapraHLa nocae HacbILEHWA ero MTMEM 13 paccona. MNpeasaputensHo bbin NOAroToBAEH COPOEHT, UTO
3aK/1H04a/10Ch B BbIAEPIKKE CMECU OKCUAHDIX COEAMHEHNI MapraHLa C MMAPOKCUAOM JIMTUA BO BAXKHOM
coctosHum npu 125 °C, npokanvsaHum npu 450 °C n aanbHelweln KUcnoTHol obpaboTke npekypcopa
Mocrynuna: 30 mas 2024 pa3baBneHHOM CconAHOM KucioTol. [Mpouecc HacbiweHua copbeHTa AUTMEM MPOBOAMACA
PevieHanpoBaHue: 23 uioHs 2024 nocpeacTBOM €ro KOHTAKTUPOBaHMWA B YETbIPE LUKNA C AUTUIACOAEP KALMM pacconom ¢ pH 8,77
MpuHnaTa B NeyaTb: 15 urons 2024 npu T =40°C, npogoaknTenbHOCTH 24 4. CopbeHT Noc/e HacbIWeHWA Bbi1 M3ydeH C NPUMEHEHNEM
peHTreHoda3oBoro M TePMUYECKOro MeToA0B aHanu3a. PeHTreHoda3oBbIli aHaNM3 NoKasas, YTo
Tuiicopepkawme ¢asbl npeactasneHbl  coeamHeHuamu  Li(Lioi7Mnoss)20s M Lio7sMn1.gsOa.
Pe3ynbTaThl TEPMUYECKOrO aHa/IM3a YKa3bIBAOT HA BO3MOXKHOCTb NMPUCYTCTBUA B COpbeHTe nocne
HacbiweHus ¢as LiMn,0s 1 Liy,sMn20s. Pe3synbTaTtbl MCCNef0BaHUI NOKasanu, yto B 6osbluei
cTeneHu Npu copbunm nmeet Mecto MOHOOBMEHHOE B3aUMOAENCTBME MEXKAY MOHOM JINTUA U3
paccona ¥ NPOTOHOM M3 COCTaBa MapraHLEeBo-OKCUAHOM WNUHenn. MomMmnmo 3Toro, NpuUcyTcTeyeT
npu copbuun AUTUA  OKUCAUTENbHO-BOCCTAHOBUTE/bHBIN XapaKkTep B3aumogencTsua. Bce
peakuMn WMHTEPKANALMWU NWUTUA MNPOTEKAIOT TOMOTAKTUYECKU 6€3 CyLLeCTBEHHbIX W3MEHEHUM
OCHOBHOW CTPYKTYpPbl UCXOAHOTO copbeHTa.

Kniouesble cnoea: nvtwii, paccon, CopbeHT, AMOKCUA, MapraHLa, copbums, 0bMeHHas eMKOCTb.
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