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--------------------------------------------------------ABSTRACT---------------------------------------------------------------- 

Lithium compounds play an extremely important role in the production of lithium-ion batteries. Lithium ions in 

wastewater and amorphous boron compounds of Kırka Boron Plant, where Turkey's important boron mine is 

extracted, were determined. Lithium ions from wastewater and boron compounds were recovered by using an 

absorbent containing redox type spinel LiMn2O4. The pH value of the solution and the concentration of the 

absorbent were investigated as suitable working conditions for the determination of lithium ions. Appropriate pH 

value was determined as 9.85 and absorbent value as 10 gL-1. The ICP-OES device and light with a wavelength 

of 670.8 nm were used to measure the lithium ions concentrations. The analytical performance of the system has 

been improved by performing extensive optimization of various factors. The linear range and LOD/LOQ of the 

optimized method were found to be 7.3 ± 1.1 mg L-1 and 1.24 ± 0.11 mg L-1, respectively. The 

accuracy/applicability of the presented method was verified using samples of wastewater from Kırka Boron pools 

and solids accumulated at the bottom. Lithium concentration in wastewater was measured as 168.5 ± 2.4 mg L-1 

as the average of 10 measurements at 95% confidence level, and 285.6 ± 3.7 mg L-1 in boron compounds. 
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I. INTRODUCTION  

Lithium is an important mineral in batteries produced as an environmentally friendly and sustainable new 

energy source. Especially today, the increase in electric vehicle production has made it more attractive. In 

particular, its strong electroactivity has come to the fore [1]. It increases the demand for exploration and extraction 

of resources to obtain lithium [2]. 

There are many studies to investigate lithium in nature. In these studies, lithium is present in both low 

and high concentrations in natural samples. Lithium analysis was performed in underground, lake, river and sea 

waters in different parts of the world and lithium values between 0-1000 ppm were found [3-8].  

Studies have shown that the amount of lithium depends on soil, climate and water factors. It was 

determined that the amount of lithium was affected by the structure of the soil, climatic conditions and 

groundwater [9-12]. There are also studies on the use of lithium in the medical field. The negative effects of 

excessive lithium on human and living health have been examined in detail [13-17]. 

Lithium extraction, especially from salt water, is an extremely economical method. Significant progress 

has been made in the recovery of lithium from salt water samples [18-21]. In these studies, solvent extraction, ion 

sieve adsorption, electrochemical approaches and membrane separation methods were used. In salt systems, due 

to the changing amounts of cations and anions, ionic salts such as chloride, sulphate and carbonate can be formed. 

The change in composition leads to the selected processes and the difficulty of the process. 

In this study, lithium minerals in pool water and amorphous compounds in Eskişehir Kırka Bor extraction 

facilities were collected using a column. The characterization process of the absorbent used in this column was 

performed. Lithium determination in these samples was measured using ICP-OES. It was determined that the 

amount of lithium was high. It was investigated whether this lithium could be used in energy production. 

 

II. MATERIAL AND METHODS 

Materials and methods 

In the experiments, analytical purity LiCl salt was used. The required amount was weighed and 1000 

mg/L stock solutions were prepared for each. Sortarious brand deionized water was used in the preparation of the 

solutions. Clay containing natural talc from Kulp district of Diyarbakir was used as adsorbent. 
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The amount of lithium in boron pool water and its amorphous compounds was analyzed using the Pelkin Elmer 

brand ICP-OES 7300 DV device. To compare the results, the same samples were also analyzed using Jenway 

brand Flame Emission Spectroscopy. 

 

Preparation of the column 

Clay brought from Diyarbakir is used as absorbent .The chemical content of the clay used as an adsorbent 

in the study; 63.4 % SiO2, 0.2 % Al2O3, 0.2 % CaO, 3.3 Fe2O3, 26.4 %MgO, ≤ 1.0 % K2O, ≤ 0.1 % Na2O, ≤ 0.8 

% TiO2, ≤ 0.1 P2O5, ≤ 0.1 MnO and 5.30 % A.Za determined as a result of XRF analysis methods and is given in 

Figure 1. A 30 cm long column filled with clay was used to separate lithium. 

 

 
 

Figure 1. XRD graph of clay absorbent. 

 

Preparation of amorphous compounds and pool water 

Approximately 100 g of the amorphous compound that appeared transparent was weighed. The crystals 

were crushed and turned into powder. 10 g of these crystals were weighed accurately and taken into an Erlenmeyer 

flask. 250 mL of deionized water was added. This was heated to approximately 200 °C on a magnetic stirrer. The 

dissolving process at this temperature lasted 6 hours. The mixture became completely soluble and was cooled. 

This solution was filtered through a column filled with clay. This filtrate was used for lithium analyses. The same 

procedure was done for the pool water sample. 

 

III.  RESULTS VIEW 

Analysis parameters with ICP-OES  

Lithium solutions of 25, 50, 100 mg/L were prepared daily using deionized water from the stock 1000 

mg/L solution of lithium. Deionized water was used as the blank solution. Lithium analysis was performed with 

the ICP-OES device at a wavelength of 670.8 nm. LOD and LQD values of the method were calculated. The 

values are given in Table 1. 

 

[Li+]: mg/L LOD: mg/L LQD: mg/L R2 

0-100 7.3 ± 1.1 1.24 ± 0.11 mg 0.9985 

Table 1.  Lithium analysis parameters with ICP-OES method 

 

Validation values of the method 

Validation values of this method were examined. For this purpose, standard lithium solutions were 

measured with ICP-OES. The added and found values were compared and % recovery values were calculated. 

The results are given in Table 2. When the values were examined, it was determined that the validation values of 

the method were high. 
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Lithium added: mg/L Lithium found: mg/L % Recovery 

5.0 4.9 98 

27.0 26.8 99 

150.0 149.6 100 

500.0 492.5 99 

Table 2. Validation values of the method 

 

Selectivity of clay absorbent in lithium recovery 

Langmuir Isotherm equation [22] was used to determine the absorption balance of the clay sample used 

as absorbent. Absorption parameters were measured and given in Table 3. According to these values, the clay 

sample was found to have high absorption values for lithium recovery. 

 

T (°K) qm (mg/g) K L (ᵡ102L/mg) RL R2 

298 882.34 4.76 0.246 0.982 

308 959.61 6.01 0.197 0.991 

318 964.45 6.25 0.184 0.996 

Table 3. Langmuir parameters on Lithium absorption of clay absorbent at different temperatures. 

 

Lithium recovery surfaces in water samples were measured using different absorbents and the values are 

given in Table 4. According to these results, it was understood that the clay sample could be used as an absorbent 

in lithium analysis. 

 

Absorbent Sample Li recovery Reference 

Manganese oxide Seawater 98.3 23 

Fly ash Water 95.0 24 

Sorbents based on aluminum 

compounds 

Brines 96.5 25 

Clay Pool water and boron 

compounds 

97.6 This work 

Table 4. Comparison of lithium recoveries using different absorbents. 

 

Lithium content in amor compounds and pool water 

The amount of lithium in the amorphous compounds and pool water brought from Eskişehir Kırka Bor 

facilities and passed through the column was measured using both ICP-OES and Flame Emission Spectroscopy 

(AES). The results were calculated as the average of 4 measurements with a 95% confidence level. The values 

are given in Table 5. t and F tests were applied to compare the results of both methods. According to the data 

obtained, it was seen that the analysis results and the values found in both methods were compatible with each 

other. 

 

Sample ICP-OES AES t-test 

(tcritical=3.18) 

F-test 

(Fcritical=9.60) 

Amorphous compounds 84.6 ± 1.7 87.1 ± 2.5 1.85 3.26 

Pool water 37.2 ± 1.1 40.5 ± 1.8 2.36 5.67 

 

IV. CONCLUSION  

Amorphous compounds and pool water brought from Eskişehir Kırka Bor facilities were made soluble. 

Then, lithium mineral was collected by passing through a column filled with clay. Lithium content was measured 

in these samples using ICP-OES. It was determined that the results were consistent with the values measured with 

Flame Emission Spectroscopy. It was seen that the amount of lithium was high in these samples. It was understood 
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that the lithium here could be used in battery preparation. It was emphasized that it would be an important source 

for lithium. 

The amorphous boron compound and pool water extracted from boron facilities were used only to obtain 

boron. With this study, it was measured that the amount of lithium detected in the excess compound and pool 

water was high. This study showed that the use of this compound or the lithium found in pool water is important 

in lithium battery production. 
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