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The work is devoted to the development of a sorption method for the extraction of lithium
from seawater using oxides of polyvalent metals obtained in the form of large granules.
The initial oxides of Ti and Ti—Mn contained a phase of lithium spinel, the sorbents were
previously converted into hydrogen form. Sorption of Li* ions under dynamic conditions
was investigated using a model solution containing the following alkali metal ions (mmol-dm~3):
Li* 0.014, Na* 252.1, and K* 5.4. The ratio of Li*, Na* and K* contents in the sorbents
was found to be 1:11:1 (in TiO,) and 1:4:1 (in Ti—Mn), respectively. These sorbents could
be regenerated by NaOH solution (partially) or by acids (completely); they did not dissolve
in 1 M HNO,; at 20—45°C. The effects of sorbent dosage and concentration of HNO,
solution on desorption of Li* ions were studied. Several cycles of sorption—desorption
were carried out for titanium-manganese sorbent without renewal of the regenerating
solution. It was shown that the sorption capacity remains constant for 5 cycles; then it is
decreased and can be recovered by using a fresh regenerating solution. The treatment of
the obtained concentrate involves bubbling ammonia through the solution, precipitation
of LiCO, and formation of a mixture of nitrates and carbonates of potassium and sodium
that can be further used as fertilizer. It is proposed to integrate the lithium extraction into
the reverse osmotic desalination of seawater: the sorption process implies its preliminary
softening.

Keywords: lithium, titanium-manganese spinel, seawater desalination, sorption, sorbent

regeneration.

DOI: 10.32434/0321-4095-2020-131-4-177-186

Introduction

Lithium and its compounds are used to produce
alloys, thermoelectric, optical and laser materials as
well as in medicine, metallurgy and pyrotechnics
[1]. Currently, the focus is on lithium use in chemical
sources of current: anodes are made from lithium
[2]. This metal is a part of the compounds used as
liquid and solid electrolytes of lithium-ion batteries.
The annual increase in lithium production in the
world is driven by the rapid development of
alternative energy: the demand for this metal in 2020
is projected to be 20,000 tonnes in terms of lithium
carbonate [3]. The sources of lithium are waters from
salt lakes and mineral resources, for example,
spodumene, petalite, and amblygonite [4]. Solar
evaporation, extraction, coprecipitation, and
membrane processes are used for the production of
lithium from brines and salt lakes [5]. Mineral
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deposits and natural brines are depleted over time,
and the exploitation of such deposits has a negative
impact on the environment. Seawater is considered
as an alternative source of lithium, which, in contrast
to the above, contains a much smaller amount of it
(0.1-0.2 mg-dm™3) [6]. In this case, the use of
adsorption and ion exchange methods is the most
appropriate [7—9]. A combination of adsorption and
electrodialysis has also been proposed: during the
latter, Li* ions accumulate in the adsorbent [10].
After stopping the process for washing of the
membrane system, the adsorbent is regenerated, and
the eluate is subsequently used to precipitate lithium
carbonate.

Among the adsorption materials, inorganic ones
are the most attractive; they are used to modify
membranes [11] and ion exchange resins [12] in order
to impart increased selectivity to them. It is known
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that adsorbents based on lithium titanates and
manganites are selective with respect to the ions of
this metal [7—9,13]. These materials are fabricated
by environmentally friendly methods using affordable
and inexpensive raw materials, their synthesis is not
a laborious procedure. Previously, we obtained
titanium-manganese adsorbents, which, unlike the
known ones, were characterized by a large granule
size (several hundred micrometers). However, the
regeneration of adsorbents requires the use of acids,
since dissolution is possible in acidic media; the
intensity of the dissolution depends on the Ti:Mn
ratio [14]. The purpose of this work was to establish
the optimum conditions for the regeneration of
adsorbents to ensure their repeated use. The work
also solved the problem of complex processing of
the effluent.

Experimental

Sorbents based on titanium and manganese
oxides were synthesized according to the procedure
described elsewhere [9,10]. Briefly, Ti(IV) was pre-
converted into citrate complexes by mixing 1 M
aqueous TiCl, solution and 3 M citric acid solution.
The hydrogel was precipitated by 1 M NH,OH
solution. Titanium-manganese sorbent was obtained
by mixing 1 M solutions of TiCl, and KMnOQO,, the
interaction between these components was as follows:

2TiCl,+2KMnO,+2H,0—
—2Ti0,+2Mn0O,+2KCI+2H,0+3Cl,. (1)
The precipitated sorbents were washed with
water to pH 7, followed by azeotropic drying using
benzene (boiling point was 80°C). The dried sorbents
were kept in 1 M LiOH solution, washed with
deionized water from excess alkali, and calcined at
600°C. For sorbents prepared at this temperature,
the optimum combination of sorption rate and
selectivity for Li* ions is achieved [9,10]. Then, the
sorbents were washed sequentially with 1 M HNO,
from lithium and with deionized water from acid to
pH 7, and dried at room temperature to a constant
weight. The fraction of 0.25—0.50 mm was selected.
The effect of the reagent on the desorption of
Li* was studied in the following way. A portion of
the sorbent (1 g) was kept in a 0.1 M LiCl solution
(100 cm?) for 48 h (static sorption). Then, the sorbent
was washed with water from excess Li* ions for 3 h
(control was performed by ionomer [-160 MI
equipped with Li-selective electrode EJIIC-142Li).
The solid phase was separated from the liquid, and
100 cm? of 1 M HNO, solution was added to the
tank with the sorbent. Desorption was carried out
with vigorous stirring by shaking containers

containing sorbent and solution. After 48 h, the eluate
was analyzed using a Pye Unicam 8800 atomic
absorption spectrometer (Philips). To establish the
value of the sorption capacity after transfer to the
lithium form, the sorbents were recovered by 3 M
HNO, solution. The absence of Li* ions in the eluate
indicated the completeness of regeneration with
exactly 1 M acid solution.

The sorption capacity was calculated by the
following formula

ALCY
m

(2)

where C is the concentration of the eluate, V is its
volume, and m is the weight of the sample.
The degree of regeneration (RD) was defined

as AOA;A. Here, A, is the initial capacity of the

0

sorbent.

Deionized water, 1 M H,SO,, HCl and NaOH
solutions were also used for regeneration. Acid eluates
were also analyzed for titanium content
(spectrophotometric method using H,O,) and
manganese (atomic absorption method). The sorbents
were regenerated with acids both at 25°C and at
45°C.

The dosage of titanium-manganese sorbent
saturated with Li* ions was also varied. Thus, the
effect of the amount of sorbent on the rate of sorption
was investigated. The ratios of the masses of the
solution and the sorbent were 2, 5, 10, 50 and 100.
Accordingly, the dosages of the sorbent were 500,
200, 100, 20 and 10 g-dm™. 1 M HNO, solution was
used and desorption was carried out at the
temperature of 25°C. The samples (1 cm?’) were
periodically taken from the solution, then diluted
15 times and analyzed. After 48 h, the liquid phase
was separated from the solid. In the case of large
doses of sorbent (500, 200 and 100 g-dm3), the eluate
was diluted 10-fold and titrated by 0.1 M NaOH
solution in the presence of phenolphthalein indicator.

To study the desorption of titanium-manganese
sorbent, solutions of HNO, of different
concentrations were also used, the dosage being
10 g-dm™ in this case. The desorption duration was
72 hours and 48 hours for acid concentration of
0.1 M and for other concentrations, respectively.

For the implementation of multiple sorption-
regeneration model, three-component solution was
used which contained (mmol-dm~): Li* 0.014, Na*
252.1, and K* 5.4. The content of alkali metals in
this solution corresponded to their concentration in
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the Black Sea water [10]. The sorption was carried
out in dynamic mode: the column diameter was
1.3 cm and the height of the sorbent layer (titanium-
manganese or TiO,-based) was 42 cm. The solution
was passed through the column in direct-flow mode.
Transfusion was stopped when the pH and
concentration of Li* in the outlet solution ceased to
change. The sorbent capacity was calculated as

C -C .
(Cu=Con) where C,, and C,,, are the concentrations
m

at the inlet and outlet of the column, respectively.

Thereafter, a fivefold volume of 1 M HNO;,
solution was circulating through a column for 30 h.
The eluate was used to further regenerate the sorbent
after the next sorption cycle. The column was then
washed with deionized water in a flow-through mode.
The pH of the solution at the outlet of the column
and the content of the NO,~ anions were monitored
(with the help of the EJIIC-121 NO, ion selective
electrode). The number of regeneration sorption
cycles was 1 and 7 (TiO,-based sorbent and titanium
manganese sorbent, respectively). After seven cycles,
the sorbent was washed with freshly prepared 1 M
HNO; solution (a fivefold volume) and deionized
water; and the sorption-regeneration was performed
again.

To process the eluate (=<1 dm?), the solution
was neutralized by ammonia bubbling, then
evaporated to 25 cm? in a water bath, the temperature
of which excided 60°C. Lithium carbonate was
precipitated by saturated K,CO, solution at room
temperature. The precipitate was washed with hot
water at the temperature approaching 100°C.

Results and discussion

As previously established by using
thermogravimetric and X-ray phase analysis, a
material containing crystalline polymorphic TiO,
(70%) and spinel Li,Ti;O,, (30%) is formed during
calcination of hydrated titanium dioxide saturated
with LiOH in the temperature range of 500—700°C.
In the case of mixed oxide, crystallization results in
two phases: rutile (60%) and spinel Li,;sMn,,;Ti,0,
(40%) [9]. In the treatment of calcined samples with
acid, the Li* ions are removed and the samples are
converted into the hydrogen form. Such materials
are capable of absorbing Li* ions. As noted in ref.
[10], spinel provides the selectivity of sorption of
Li* ions due to their intercalation between octahedra
and ensures electrical neutrality due to the adsorption
of anions in the spaces between the spinel and rutile
nanocrystals. Not only Li* ions but also other cations
present in the solution are adsorbed on the surface
of the nanocrystals. This factor reduces the selectivity

of the sorbent. Additionally, titanium oxides act as a
binder that prevents fragmentation of the granules.
The developed approach to synthesis allowed
obtaining materials with high selectivity with respect
to Li* ions, which, unlike the known ones, are
characterized by a sufficiently large size of granules.
The possibility of using a sorbent as a filler of the
electrodialysis cell for the desalination of seawater
was considered earlier: in this case, sorption occurs
directly from the concentrate and the desorption of
Li* is carried out during the regeneration of the
membrane system [10]. Thus, the lithium-containing
eluate formed during sorbent regeneration is a by-
product of electrodialysis desalination of seawater.
The large size of the granules makes it impossible to
lose the sorbent due to its removal from the
electrodialysis cell by the flow of solution.

These granules are splices of particles larger
than 100 nm in size (Fig. 1,a). Therefore, the surface
of the granules is embossed. As previously established
by the X-ray phase analysis and transmission electron
microscopy, such particles consist of nanocrystallites
9—34 nm in size [9]. The specific surface area of the
sample based on TiO, is 90 m?.g~'. However, despite
the small surface area, the saturation of the sorbent
with Li* ions ensures the capacity of 0.16 mmol-g™!
in the neutral region due to intercalation. The surface
of the titanium-manganese sorbent is 86 m?.g~! and
the sorption capacity is 0.4 mmol-g™! in a neutral
medium.

It is established that the sorbent regeneration
is complete when interacted with 1 M acid solutions.
When treated with deionized water, the degree of
regeneration (RD) is only 1—2%, which is caused
by the removal of the non-adsorbed Li" ions from
the narrow pores (these ions were not removed when
washing the Li-shaped samples). lon exchange occurs
during the treatment of samples with alkali:

—O‘Li+solid+Na+aq—>—O‘Na+ solid+Li+aq> (3)

Fig. 1. SEM images of titanium-manganese sorbent before (a)
and after (b) 10 cycles of sorption-regeneration
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and acid:

_O_Li+solid+2H+aq_>_OH2+solid+Li+aq' (4)

Desorption may also involve the destruction of
non-dissociated —OLi ion pairs. In the environment
of acids Han, regeneration also includes
deintercalation of Li* as follows:

Li+solid+Cl_solid+H+aq+An_aq_>
_>Li+aq+Cl_aq+H+solid+An_solid' (5)

In an alkaline medium, the exchange of
Na*—Li* results in a 40% degree of desorption in
the case of TiO,-based sorbent. In the case of
titanium-manganese sorbent with less spinel content,
RD=30%. Under the action of acids, complete
desorption of Li* is achieved. However, titanium
(TiO,-based sorbent regeneration) was found in
sulfuric acid: its concentration was 0.1 mg-dm= (at
20°C) and 0.2 mg-dm™ (at 45°C). These losses
correspond to 0.001 and 0.002 wt.%. For titanium-
manganese sorbent, it was found that the losses of
manganese at 20°C were 0.005—0.007 wt.% and 0.01—
0.014 wt.% in HCI and H,SO, media, respectively.
From a formal point of view, spinning of manganese
from spinel can be represented by the following
scheme [14]:

2LiMn,_,Ti,O 44—

—2Li% T Mn**  +3/2(Mny ;)5 Tiay304) 00— (6)
Recovery of manganese (IV) is accompanied

by the release of oxygen in H,SO, or chlorine (HCI)

media. The intensity of these processes increases with

60

RD, %

0
0

60 120 180
T, min
a

increasing the temperature and concentration of
acids. However, no manganese was found in nitric
acid. This acid was subsequently used for
regeneration. Since complex processing of the eluate
involves not only the production of lithium
compounds but also the utilization of the solution,
nitric acid looks more attractive, since the solution
containing NO?*  anions can be used to produce
mineral fertilizers.

As can be seen from Fig. 2,a, the highest
desorption rate is characteristic to manganese-free
oxide (for the sake of clarity, only the initial sections
of the curves in the range of t<3 h are shown). The
titanium-manganese sorbent exhibits lower rate of
desorption, which is obviously due to not only
exchange according scheme shown by Eq. (4) but
also deintercalation of Li* Eq. (5). The dosage of
sorbent of 10—100 g-dm™ does not practically affect
the rate of desorption, and a further increase in the
amount of sorbent inhibits desorption.

The mechanism of deintercalation is indirectly
confirmed by the fact that A vs. © dependences are
in compliance with the pseudo-first order chemical
reaction equation (Fig. 2,b). This equation can be
written as follows:
In(A,-A)=InA, -k, (7)
were A, is the output capacity of the sorbent. The
values of the constants are given in Table 1. A good
fit of the experimental and calculated data as well as
a high correlation coefficient (97—98%) confirms
the correctness of the selected model. The time
required to reach RD=99% (in this case A=0.99A,)
is determined by the formula:

i P 2 1
23
e
T .
< of
S O
—1
3 . . .
0 50 100 150 200
T, min
b

Fig. 2. Dependence of the regeneration degree of sorbents based on TiO, (1) and TiO,-MnO, (2)—(6) on time (a), and
application of the pseudo-first order desorption model (b). Reagent: 1 M solution of HNO,, dosage of sorbent (g-dm™):
10 — (1) and (6), 20 — (5), 100 — (4), 200 — (3), and 1000 — (2)
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Table 1
Modeling of Li* desorption kinetic curves according to the pseudo-first order kinetic equation
Adsorbent Dc;sage, Concentration | k-10°, A, mmol-g' 7,h
cm’-dm™ of HNO;, M s experimental calculated | (calculated for RD=99%)
TiO, 10 1.0 8.21 0.16 0.15 16
Ti0,—MnO, 10 1.0 3.18 0.4 0.38 40
TiO,—MnO, 20 1.0 3.13 0.4 0.38 41
TiO,—MnO, 100 1.0 3.10 0.4 0.38 41
TiO,—MnO, 200 1.0 2.85 0.4 0.39 45
Ti0,—MnO, 500 1.0 2.50 0.4 0.39 51
Ti0,—MnO, 10 0.1 1.67 0.4 0.39 76
Ti0,—MnO, 10 0.2 2.23 0.4 0.39 55
Ti0,—MnO, 10 2.0 2.88 0.4 0.38 44
TiO,—MnO, 10 3.0 3.18 0.4 0.38 40
n0.001 4.6 HNO; concentration corresponds to 0.57 M and this
= —k— = k_ (8) value is close to the calculated one. For a dosage of
1 1

Thus, the full desorption time is 16 h and 40—
50 h for TiO,-based sorbent and titanium-manganese
sorbent, respectively. Thus, the selected desorption
time (48 hours) is sufficient for complete regeneration
of the sorbent. The constant of desorption rate is
less by ~2—9 times than amorphous non-calcined
adsorbent (hydrated zirconium dioxide) [15]. In the
case of zirconium-containing adsorbent, desorption
of large uranyl ions was studied.

A decrease in the rate of desorption with
increasing dosage of the sorbent is probably due to a
decrease in acid concentration. If the dosage of the
sorbent is 500 g-dm™3, 0.8 mol of acid contained in
2 dm™ is consumed for the regeneration of 1 kg of
sorbent. Thus, the final HNO, concentration will be
0.6 M. It is established by titration that the final

T, h

>

a

200 g-dm3, the experimental value of the final acid
concentration reaches 0.81 M (the calculated value
is 0.84 M). For a dosage of 100 g-dm™, the
experimental value is 0.9 M (the calculated value is
0.92 M).

A decrease in the concentration of HNO;
inhibits desorption (Fig. 3). It is found that the kinetic
curves A vs. t also obey the pseudo-first order kinetic
equation. As can be seen from Table 1, a decrease in
the acid concentration leads to slower desorption.
In the case of the initial acid concentration of
0.1 M, its final concentration was 0.094 M (the
calculated value was 0.096 M). It should be noted
that some fragmentation of the sorbent granules
occurs when the concentration of acid exceeds 1 M:
the presence of the sorbent fraction <0.16 mm (~10—
15%) was detected after regeneration. Thus, it is
advisable to use a 1 M solution of HNO; for multiple

-0,8

In(AO -A)

100

T, min

0 50

200

b

Fig. 3. The degree of desorption of Li* from titanium-manganese sorbent as a function of time. The concentration of HNO,
solution was 0.1 M (1), 0.2 M (2), 1 M (3), 2 M (4), and 3 M (5)
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regeneration. To prevent the formation of large
volume of the eluate, the recommended dosage of
sorbent is 200 g-dm™3. At the same time, a
regeneration rate of ~95% is achieved for 30 hours
according to our calculations.

It should be noted that prolonged contact with
nitric acid solution does not change the morphology
of titanium-manganese sorbent (Fig. 1).

To study the sorption of Li* from a
multicomponent solution, a model solution was used,
the composition of which, with respect to alkali metal
ions, corresponded to seawater, from which the ions
were removed. The results of the study of multiple
sorption-regeneration are given in Table 2. The
following sorption capacity values were obtained in
case of TiQ, for the first sorption cycle (A,, mmol-g):
Li* 0.012, Na* 0.14, and K* 0.012. In case of
titanium-manganese sorbent, the respective values
were as follows: Li* 0.063, Na* 0.27, and K* 0.065.
After each cycle, the losses of the regenerating
solution were 0.2V, (where V, is the volume of the
sorbent, which was 223 cm?). Therefore, the volume
of the regenerating solution was 3.8V, after the
seventh cycle. As can be seen from Table 2, the
concentration of alkali metal ions in the eluate
increased after each cycle of sorption-desorption.
After 5 cycles, a decrease in the degree of desorption
was observed, which indicates a shift of the sorption
equilibrium towards the formation of the substituted
sorbent form.

In addition, the deterioration of regeneration
is due to the depletion of the acid solution, which is
spent on the H*—Li* exchange. It is worth noting
that, the concentration of Li* ions in the eluate is
~0.01% after 5 cycles, which corresponds to the
lithium content of the solution formed by the

evaporation of water of some Chile salt lakes. Given
that in seawater the content of Li* ions is
0.014 mmol-m~3, the sorption method allows
concentrating it more than by 1000 times. The ratio
of Na* to Li* concentrations in seawater reaches
18,000, while it is ~4 in the eluate. A similar ratio
for K* to Li* ions is 357 (in seawater) and ~1 (in
salt concentrate).

After the seventh cycle, the sorbent was again
regenerated with a freshly prepared 1 M HNO;,
solution containing no alkali metal ions. It was found
that the material restored its sorption properties: the
capacity with respect to each ion corresponded to
the value of A, which was observed after the first
cycle. As the absorption capacity of the sorbent
deteriorates during the sixth and seventh cycles
(reduction of sorption by 30%), a further use of the
salt concentrate as a regenerating solution is
impractical. Hence, it is recommended to wash the
sorbent with a freshly prepared acid solution.
Subsequently, the formed eluate can be used in a
series of subsequent cycles of sorption-desorption.

Titanium-manganese sorbent exhibits a higher
capacity with respect to Li* ions than TiO,-based
sorbent. Therefore, double oxide should be used to
remove lithium from seawater.

Let us consider the washing of the sorbent with
deionized water. Figure 4 illustrates the changes in
pH of the column outlet solution and the
concentration of NO;™ ions. A low pH at the
beginning of washing is due to the removal of acid
from the cavities between the grains and macropores
of the sorbent. During washing, the pH of the
resulting solution was naturally increased and the
content of nitrate ions decreased. It was found that
the total concentration of NO;™ in the first 5 volumes

Table 2
Sorption of alkali metal ions and sorbent regeneration
. . Desorption
Cycle Sorption, A/Ay, mmol-g A, mmol- g’l Solution concentration, mmol-dm °
L [ Na° | K L | Na | K Li’ Na K
TiO, based sorbent
1 | 1t [ 1t [ 1 ] o | o | o | o5 | 62 | 05
Ti0,—MnO, based sorbent
1 1.00 1.00 1.00 0.003 0.01 0.001 2.6 11.6 2.6
2 1.03 0.96 1.03 0.001 0.01 0.001 5.4 23.2 5.5
3 1.03 0.85 1.00 0.002 0.02 0.001 8.5 34.0 7.5
4 1.02 1.00 0.97 0.002 0.02 0.001 11.7 46.7 10.7
5 0.98 0.96 0.92 0.001 0.02 0.001 15.0 60.5 14.1
6 0.87 0.81 0.80 0.005 0.07 0.006 18.0 68.5 17.0
7 0.71 0.70 0.68 0.010 0.11 0.009 20.5 74.3 19.4
Ti0,—MnQO, based sorbent after washing with freshly prepared HNOj; solution
1 | 102 | 09 | 099 [ 0002 | o001 [ o001 | 28 [ 111 | 28
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Fig. 4. The pH of the solution at the outlet of column (1) and
the concentration of NO;-ions in it (2) as a function of the
ratio of water to sorbent

of the solution reached 0.04 mol-dm™3. After passing
the fivefold volume of water, the concentration of
NO; ions was 0.3 mmol-dm~ (18 mg-dm™3). This is
well below the maximum permissible concentration
even for tap water. Thus, the first portion of the
solution, which is formed during washing, can be
used to prepare a solution for regeneration.
Commonly, the processing of liquid lithium-
containing concentrates includes lithium precipitation
as carbonate. Since acidic solution is used in sorbent
regeneration, it is recommended to pre-neutralize it
with gaseous ammonia to prevent an increase in
concentrate volume. Its introduction into ion
concentrate will increase the nitrogen content of the
liquid waste that is generated during processing. As
shown in Table 3, neutralization will not lead to the

formation of sediment: the content of mineral
components in the concentrate is lower than their
solubility at 20°C.

Preliminary analysis of the background data and
experimental studies showed that reducing the
amount of solvent by 40 times (i.e. by 97.2%) is
optimal when concentrating saline solution: nitrates
are not precipitated and the formation of sediments
of potassium, sodium and ammonium carbonates is
minimized. Under industrial conditions, it is advisable
to use solar evaporation to concentrate the solution.

It is recommended to use a saturated solution
of K,CO; (8 M) to precipitate Li,CO, from the nitrate
solution, since it contains potassium — a nutrient
for crops. The use of a saturated solution is necessary
to inhibit the hydrolysis of carbonates, which leads
to their conversion into hydrocarbonates. It should
be noted that, unlike carbonate, LiHCO, is well
soluble in water.

Calculation of the lithium carbonate loss due
to its solubility in water at 20°C (its solubility product
under these conditions is 0.002):

K=[2Li"]’[CO,*T], (9)

where the square brackets correspond to equilibrium
concentrations.

At a ratio of concentrate to precipitate volumes
of 1:1, the concentration of CO,>” anions is
4 mol-dm~3. Consequently, the lithium content in
the carbonate solution is 0.011 mol-dm™3; the
solubility is 0.083 per 100 g of water in terms of
Li,CO,. Thus, the presence of a large excess of CO,?"
anions leads to a significant decrease in the solubility

Table 3

Processing of salt concentrate after sorbent regeneration (initial content)

Salt characteristics I

Li' Na' | K|

NH,"

Salt concentrations after seven cycles of sorbent regeneration

molecular weight 69 85 101 80
solubility, g per 100 g of water (20°C) 70 87.6 31.6 212
salt content, M 0.020 0.074 0.019
salt content, g per 100 g of water 0.138 0.629 0.192
Nitrates Neutralization with ammonia (formation of nitrates of alkali metals and ammonia)
salt content, M 0.020 0.074 0.019 0.4
salt content, g per 100 g of water 0.138 0.629 0.192 3.2
Solvent removal (concentration by 40 times)
salt content, M 0.8 2.96 0.76 16
salt content, g per 100 g of water 5.52 25.16 7.68 128
Precipitation by saturated K,COs; solution (volume ration of salt concentrate and precipitant is 1:1)
molecular weight 74 106 138 79
Carbonates | solubility, g per 100 g of water (20°C) 0.72 44.7 155.8 decomposes
salt content, M 0.4 1.48 4.38 8
salt content, g per 100 g of water 2.96 15.69 60.44 63.20

Sorption removal of Li* ions from multicomponent solutions. Regeneration of sorbent and processing of
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of the precipitate. It is advisable to use hot water for
washing the precipitate, since the solubility of
potassium and sodium carbonates increases with
increasing temperature and the ammonium carbonate
decomposes at 60°C.

To test the proposed approach, the eluate
(~1 dm?®) was neutralized by passing of NH,;,
evaporated to 25 cm?® and precipitated by hot
saturated K,CO; solution at temperature close to
100°C. Then, the precipitate was washed with hot
water. The resulting product (90% yield) contained
98% of the basic substance, thereby exhibiting
analytically pure qualification.

After separation of the precipitate, the stock
solution was evaporated by heating in water bath.
The precipitate contained nitrates and carbonates in
a molar ratio of 5:1, the ratio of K to Na was 3:1.
This product can be used as a mineral fertilizer for
acid soils.

From an economic point of view, it seems
advantageous to integrate the sorption method of
extracting Li* ions into the seawater desalination
scheme by reverse osmosis. These steps include the
removal of large particles from water by basic filter
and the removal of organic impurities by activated
carbon. In case of desalination, the water is further
supplied to the reverse osmosis plants. However, pre-
removal of hardness ions is recommended for sorption
removal of Li* ions as they have a negative effect on
sorption. Thus, the sorption capacity is 0.026 mmol-g™'
in the presence of Ca?* and Mg?* ions in the solution
[10], whereas it is 0.06 mmol-g~! in the absence of
these. Nanofiltration can be used to soften the water
with the use of phosphorous-free antiscalant to
prevent sedimentation on the membrane.

Consequently, after preliminary purification,
some of the seawater is fed to a reverse osmosis
plant for complete desalination and part of it is
directed to the nanofiltration unit (Fig. 5). The next
step is the sorption extraction of Li* ions, which
lasts until the sorbent is saturated. In this case, the
complete removal of lithium from water is not
important, since the content of this component in
water is not regulated. To wash the sorbent after
regeneration, it is possible to use water desalinated
with reverse osmosis (the same water can also be
used to prepare the K,CO, solution). Upon washing,
an acidic solution is formed in the column, the first
portions of which can be used to prepare the HNO,
solution and the subsequent portions can be added
to the nanofiltration permeate, which can be used
for technical purposes.

After neutralization and solar evaporation of
the spent regenerating solution, it is possible to obtain

Removal of Sorption recovery
particulate / of lithium
pollutants Water %
softening Sorbent
regeneration
Removal of \L
organic Eluate
polluans neutralization
Evaporation
Reverse
0SMosis \L
Precipitation .
ofLico, [ > LCO;
Desalinated v
water Evaporation

!

Mineral fertilizer

Fig. 5. Integration of lithium sorption extraction into seawater
desalination process

a salt concentrate from which lithium carbonate is
precipitated. It is recommended to use desalinated
water for washing. Evaporation of the mother liquor
allows obtaining a complex nitrogen-potassium
mineral fertilizer for acidic soils.

Conclusions

For the sorption recovery of lithium from
seawater, it is recommended to use titanium-
manganese sorbent, which is characterized by a high
content of Li-selective phase. The TiO, phase acts
as a binder: the large size of the granules allows the
sorbent to be used as a filler for sorption columns.
The advantage of this material over titanium dioxide
is its high sorption capacity and selectivity for Li*
ions. It is recommended to use 1 M HNO; solution
for desorption at a volume ratio of sorbent to solution
of 1:5. Almost complete desorption is achieved under
these conditions without dissolving the sorbent when
the alkali metal ions content is ~0.1 mol-dm~3 in the
eluate. The ratio of concentrations of Li*, Na* and
K* in the concentrate is 1:4:1 after the fifth cycle of
sorption-desorption. The processing of concentrate
involves bubbling ammonia through a solution,
precipitation of Li,CO; and obtaining a mixture of
nitrates and carbonates of potassium and sodium
that can be used as a fertilizer. Lithium carbonate
can be a by-product of water desalination: lithium
removal can occur after pre-removal of hardness ions
by nanofiltration. Water passed through a layer of
ion exchanger can be used for technical purposes.
Other by-product is a mineral fertilizer containing
potassium and sodium nitrate. This by-product was
obtained by evaporation of the solution after Li,CO;
precipitation. Heating was applied to evaporation.
Solar evaporation would give a possibility to obtain
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the fertilizer containing also ammonia carbonate.
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COPBIIINHE BUJIYYEHHA IOHIB Li* 3
BATATOKOMITIOHEHTHUX PO3YUHIB. PETEHEPAIIIA
COPBEHTY TA OBPOBJIEHHA KOHIIEHTPATY

M.O. Yaban, JI. M. Poxcoecmeencvka, O.B. Ilarvuux

Poboma npucesuena pospobuyi copbuitinoco memody ois 6u-
JAYHEeHHs im0 3 MOPCbKOI 600U 3 GUKOPUCIMAHHAM OKCUdi6 noaiea-
NEHMHUX Memanie, 00epiucanux y eueisoi éeauxux epaunyn. Ilouam-
koei okcudu Ti i Ti—Mn micmuau pasy wnineni aimiro, copbenmu
nonepednvo nepegoduau y ¢opmy eoduro. Copbuis Lit ¢ dunami-
YHUX YMOBAX D0CAIONCYBANACS 3 MOOCALHORO POHUHY, W0 MiCMUMb
ionu ayxcrux memanie (mmoav-om=>): Lit 0,014, Na* 252,1; K*
5,4. byno euseneno, wo cnisesionowenns emicmy Lit, Nat ma Ky
copbenmax cmanoeums 1:11:1 (TiO,) ma 1:4:1 (Ti—Mn). Lli cop-
benmu modxcHa 4acmrkoso peeenepyeamu posuurom NaOH ma no-
6HicmI0 — Kuciomamu, 6oHu He pozuursiomscs ¢ 1 M posuuni HNO;
npu 20—45°C. Kpim moeo, eusueno eéniug Kinvkocmi copbenmy ma
xoHyenmpauyii pozuuny HNO; na decopbuyiro ionie Li*. lns copben-
my Ha OCHO8I MUMAH—MAHIAHy 0YA0 30iUCHEeHO KiAbKa UUKAie
copbuii—decopbuii 6e3 oHoeaeHHs pecenepyou02o posyuny. Tloka-
3aHO, WO coOpOYilina 30amHICMb 3AAUWAEMbCS CMAN0K NPOMALOM
5 yuknie, nomim 3mMeHUWyEMbC Ma 6iOHOBAEMBC NPU 3ACMOCY-
BAHHI «CBINCO20» peceHepyou020 po3uury. Tlepepobaenns KonyeH-
mpamy nepedbauae 6apbomyeaHHs amiaky yepe3 posHuH, 0CAOHCeHHS
LiCO; ma odepocanus cymiwii Himpamie ma Kapbonamie kanio ma
Hampito, AKi MOJCHA GUKOPUCMOGY8amU K 000pUGO. 3anponoHo-
6aHO iHMe2pyeamu GUAYHeHHs AIMII0 Y NPoyec 360pOMHO-0CMOMU-
YHO20 ONPICHEHHS MOPCbKOI 600U: copOUitiHuLl npoyec nepedbauac it
nonepeoHe Nom AKUIeHHS.

KuniouoBi caoBa: JiTiii, TMTaHO-MapraHueBa UIMiHEb,
3HECOJIEHHSI MOPCbKOT BOAM, COpOLsl, pereHepalisi COpoeHTy.
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SORPTION REMOVAL OF Li* IONS FROM
MULTICOMPONENT SOLUTIONS. REGENERATION OF
SORBENT AND PROCESSING OF CONCENTRATE

M.O. Chaban °, L.M. Rozhdestvenska, O.V. Palchik

V.I. Vernadsky Institute of General and Inorganic Chemistry of
the National Academy of Sciences of Ukraine, Kyiv, Ukraine

* e-mail: mary.chaban@gmail.com

The work is devoted to the development of a sorption method
for the extraction of lithium from seawater using oxides of polyvalent
metals obtained in the form of large granules. The initial oxides of
Ti and Ti—Mn contained a phase of lithium spinel, the sorbents
were previously converted into hydrogen form. Sorption of Li* ions
under dynamic conditions was investigated using a model solution
containing the following alkali metal ions (mmol-dm=): Li* 0.014,
Na* 252.1, and K* 5.4. The ratio of Li*, Na* and K* contents in
the sorbents was found to be 1:11:1 (in TiO,) and 1:4:1 (in Ti—Mn),
respectively. These sorbents could be regenerated by NaOH solution
(partially) or by acids (completely); they did not dissolve in 1 M
HNO; at 20—45°C. The effects of sorbent dosage and concentration
of HNO; solution on desorption of Li* ions were studied. Several
cycles of sorption—desorption were carried out for titanium-manganese
sorbent without renewal of the regenerating solution. It was shown
that the sorption capacity remains constant for 5 cycles; then it is
decreased and can be recovered by using a firesh regenerating solution.
The treatment of the obtained concentrate involves bubbling ammonia
through the solution, precipitation of LiCOj; and formation of a mixture
of nitrates and carbonates of potassium and sodium that can be
Sfurther used as fertilizer. It is proposed to integrate the lithium
extraction into the reverse osmotic desalination of seawater: the
sorption process implies its preliminary softening.

Keywords: lithium; titanium-manganese spinel; seawater
desalination; sorption; sorbent regeneration.
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