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ABSTRACT

Understanding the phase equilibria and solubility behavior in
multicomponent salt-water systems is essential for the development of
efficient separation and resource recovery technologies, especially for
lithium-containing compounds. However, reliable phase equilibrium data for
the Na,CO3;—LiCl-H,O system remain limited over a wide range of
temperatures and concentrations. In this study, solubility relationships and
phase transformations in the sodium carbonate—lithium chloride—water
system were systematically studied using a visual polythermal method over a
wide range of temperatures and compositions. The resulting phase diagram
describes distinct crystallization regions corresponding to ice, Na,COs-10H»0,
Na,CO;3-7H,0, LiCI-5H,0, LiCl-2H,0, LiCl'-H,O, and the newly identified
Li>COs phase. The formation and stability of the new lithium carbonate phase
were confirmed using combined chemical and physicochemical analysis,
including infrared spectroscopy and X-ray diffraction, ensuring the reliability
of the obtained equilibrium data. Characteristic absorption bands in the IR
spectrum observed at 1437.03 cm™' and 869.93 cm’ were assigned to
carbonate functional groups, providing further evidence for the formation of
LiCOs. The polythermal diagram shows that a significant portion of the
system is occupied by crystallization fields, indicating the initially low
solubility of lithium carbonate. This behavior highlights the possibility of
selectively separating Li,CO; from saturated solutions through controlled
evaporation. Overall, the results provide fundamental thermodynamic
insights and practical recommendations for lithium recovery processes and
the development of effective separation strategies in aqueous carbonate-
chloride systems.
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1. Introduction

In addition to being one of the rarest elements, lithium also has a high price!!!. The main cause of this is
the rise in electric vehicle production. The amount of lithium used worldwide to make lithium batteries has
already surpassed 46% and is expected to reach over 2 million tons by 20301, Water sources will need to be
utilized in the production of lithium as a raw material to meet the global demand for the metal. Lithium reserves
make up 70-80% of the world’s total reserves, and salt lake brines, geothermal waters, and sea and ocean
waters are all excellent raw materials for lithium extraction®,

Despite having a total lithium content of over 2600 billion tons, sea and ocean water only contains 0.1 to
0.2 parts per million of lithium and is not currently utilized for industrial lithium extraction*!. Geothermal

waters have a lithium content of no more than 100 parts per million!%!!],

However, the high concentration of different impurities in them prevents the large-scale use of geothermal
waters!'?, The salt lakes have the highest concentration, with up to 1000 parts per million of lithium. Lithium
extraction is made more difficult by the presence of alkali and alkaline earth elements, particularly magnesium,
in brines!'*!*, Up to 80% of the global market is made up of lithium compounds like hydroxide, carbonate,
and chloride, which are highly sought after!!*. Due to the widespread availability and lower cost of lithium
isolation, aqueous solutions containing large amounts of lithium are a more popular method of obtaining
lithium'®!. Information about how lithium compounds behave in aqueous solutions when they are concentrated
is necessary for this.

The system of Na,COs-LiCl-H,O was examined using the visual polythermal analysis method to
physicochemically support the behavior of lithium chloride across a broad range of temperatures and
concentrations!!”),

2. Materials and methods

The work used sodium carbonate that had been double recrystallized. An X-ray diffractometer (XRD, Lab
XRD-6100, Shimadzu Co., Ltd., Japan) was used to identify the sample, revealing that the spectrogram is
identical to that of the standard product. Using a chemical method and an analytical check on an inductively
coupled plasma optical emission spectrometer (ICPOES, Prodigy, Leman Co., USA), the purity of the doubly
recrystallized lithium chloride was ascertained. Using a sparkling water system (ULUP-11-10T, Ulupur
Technologies Co. Ltd., China), the water was freshly ionized distilled water (DDW). The TL-15 alcohol glass
thermometer was used in the temperature range of -100 to 20 °C, and the study was conducted using the visual-
polythermic method.

3. Results and discussion

The eight internal cuts were used to study solubility in the Na,CO3—LiCl-H,O system. Sections 5-8 are
drawn from the top of LiCl to the side of Na,CO3;—H0, and Sections 14 are drawn from the top of Na,COs
to the side of LiCI-H,0. -70, -60, -50, -40, -30, -10, 0, 10, 20, and 30 °C solubility isotherms. Figure 1 displays
the polythermal complete diagram of the Na,CO;-LiCl-H>O system, which was constructed at temperatures
ranging from -80.2 °C to 38.0 °C based on the binary system data and internal sections.
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Figure 1. Diagram of the Na2CO3-LiCI-H20 system’s solubility.

The field of ice crystallization, Na,CO; 10H,O, Na,COs37H,0O, Na,COs;, LiCl-5H,O, LiCI-2H-0,
LiCI-H,0O, and the new phase Li,COs3 are delimited based on the observations of the polythermal solubility
diagram. Lithium carbonate precipitate forms through a double displacement reaction between sodium
carbonate and lithium chloride, expressed as: Na;CO3+2LiCl—Li,COs | +2NaCl. The formation of a solid
phase is primarily governed by the low solubility of lithium carbonate in water. At 20 °C, its solubility is
limited (approximately 1.33 g per 100 mL, decreasing to about 0.72 g per 100 mL under comparable
conditions), which promotes rapid supersaturation and subsequent crystallization. Consequently, lithium
carbonate readily separates from the solution as a precipitate, enabling its efficient recovery through controlled
crystallization processes. Table 1 displays the equilibrium solution compositions and corresponding
crystallization temperature at the six triple nodal points where these fields converge.

Table 1. The Na2CO;-LiCl-H20 system’s double and triple points.

The composition of the Crystallization .
Na:COs LiCl H:0 temperatures, °C Solid phase
7.0 - 93.0 -3.0 Ice+Na2COs
9.5 6.4 84.1 -42.0 Ice+Na2CO3-10H20
10.4 7.6 82.0 -63.5 Ice+Na2CO3-10H20+Li2COs
18.8 6.8 74.4 -21.5 Na2CO;3-10H20+Li2COs3
20.0 6.0 74.0 -12.8 -
25.2 9.2 65.6 2.0 -
28.2 104 61.4 7.2 -
294 11.2 59.4 11.0 Na2CO3-7H20+Na2C03-10H20+Li2CO3
30.2 9.0 60.8 7.5 Na2CO;3-7H20+Na2CO3-10H20
355 3.0 61.5 29.0 Na2CO;3-7H20 +NaCOs- 10H20
37.0 - 63.0 35.0 Ice+NaxCO3
30.2 12.0 57.8 17.5 Na>CO;3-7H20+Li2COs3
31.2 12.0 56.8 17.0 Na2CO3-7H20+Na2C03-H20+Li2CO3
33.8 11.5 54.7 22.0 Na2CO3-7H20+Na2CO3-H20




The composition of the Crystallization

Na;CO3 LiCl H:0 temperatures, °C Solid phase

384 4.4 57.2 325 Na2CO3-7H20+Na2CO3-H20
38.9 3.5 57.6 34.8 Na2CO3-7H20+Na2CO3-H20
39.0 - 61.0 38.0 Ice+NaCO3
33.1 18.8 48.1 19.0 Na>CO3- H2O+Li2CO3
9.4 8.5 82.1 -67.0 Ice+Li2CO3
8.4 9.6 82.0 -71.0 Ice+Li2CO3
6.2 18.0 75.8 -70.0 Ice+Li2CO3
6.4 22.1 71.5 -80.2 Ice+Li2CO3+LiCl-5H20

- 25.0 75.0 -76.0 Ice+LiCl-5H.0
6.6 26.2 67.2 -53.0 Li2COs+LiCl-5H20

- - - -39.0 Li2COs+LiCl-5H20
7.6 314 61.0 -25.0 Li>COs+LiCl-5H20+LiCl-2H20
3.8 36.4 59.8 -20.0 LiCl-5H.0+LiCI-2H.0

- 389 61.1 -19.0 Ice+LiCI-2H.0
104 35.6 54.0 -18.0 Li2COs+LiCI-2H20
10.0 37.4 52.6 -3.0 Li2CO5+LiCl-2H20+LiCl-H20
8.1 38.5 53.4 0.8 LiCI-2H,O+LiCl-H.0
4.6 41.8 53.6 8.0 LiCI-2H,O+LiCl-H.0
2.6 429 54.5 11.0 LiCl-2H20+LiCI-H20

- 43.0 57.0 20.0 Ice+LiCl-H20
11.2 37.8 51.0 -1.0 Li2CO3+LiCl-H20
12.1 38.8 49.1 5.0 Li2CO3+LiCl-H20

Table 1. (Continued)

Next, physicochemical studies of lithium carbonate were carried out. Figure 2 shows an X-ray diffraction
pattern of lithium carbonate.
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Figure 2. X-ray of lithium carbonate.

The X-ray diffraction (XRD) patterns were interpreted using an X-ray mineral identification database to
determine the crystalline phases present. The diffraction profile of lithium carbonate exhibited characteristic
reflections with interplanar spacings (d-values) at 4.16,2.91, and 2.80 A, which are consistent with the standard
pattern of Li,CO; and confirm its formation. To further elucidate the structural features of the synthesized
material, infrared (IR) spectroscopy was employed (Figure 3). This complementary analysis provided
additional evidence of the compound’s molecular structure and supported the phase identification obtained
from the XRD results.
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Figure 3. Lithium carbonate analysis using infrared spectroscopy.

The infrared (IR) spectrum of Li>COs exhibits characteristic absorption bands at 1437.03 cm™ and 869.93
cm’!, which are attributed to the vibrational modes of carbonate (COs>") groups. The observed broadening of
these bands is associated with intermolecular interactions within the crystal lattice, reflecting the structural
environment of the mineral phase. Furthermore, the results of the chemical analysis are consistent with the
spectroscopic data, thereby confirming the composition and structural integrity of the synthesized lithium
carbonate.

Thermal analysis of lithium carbonate was carried out up to 900 °C at a rate of 10 °C per minute. The
thermogram of the product is shown in Figure 4.
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Figure 4. Lithium carbonate analysis using infrared spectroscopy.

When Li;CO; was heated in the presence of air, water, and gas molecules were desorbed. Oxidation
occurred with an increase in temperature to 430 °C. Oxidation occurs in the process of thermal explosion.
After the temperature interval of Li»CO; heating, its oxidation accelerates. The exoeffect increases with
increasing temperature, reaching its peak at 711 °C. After the decomposition of lithium carbonate (680°C), an
exothermic effect is observed (maximum 711°C), as shown in the thermogram. According to calculations, the
decomposition of lithium carbonate is an endothermic process absorbing 226.3 kJ/mol.

Figure 5 shows a photomicrograph of lithium carbonate, which shows more light spots, which are caused
by the formation of lithium carbonate.

‘?’ .

Figure 5. Scanning electron microscope (SEM) image of Li2COs.

The results of this experiment are therefore relevant to the industrial production of lithium carbonate,
according to analyses of the chemical makeup of the obtained sample.

4. Conclusion

The solubility level of the components in the sodium carbonate, lithium chloride, and water system was
examined using the visual-polythermal method at different temperatures and in a broad range of concentrations.
The Li,CO; phase was formed in the system, according to the findings of the study of the Na,COs-LiCIl-H>O
system. A significant portion of the polythermal diagram is occupied by the compound's crystallization region,
indicating the low solubility of lithium carbonate and the potential for evaporation to separate it from the
system’s saturated solutions. Future research can use these scientific findings to gain a deeper understanding
of the behavior of salts in this system. The results obtained from the system Na,CO3-LiCl-H,O demonstrated
the potential to use this system data to develop the production of lithium carbonate in industrial scale.
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