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In an enhanced geothermal system (EGS), geothermal energy in rocks with insufficient
permeability or fluid saturation can be used by creating artificial geothermal reservoirs.
Generally, EGS geothermal fluid contains high concentrations of total dissolved solids that
originated from various geochemical reactions between the fluid in the reservoir and the
minerals in the rock. For example, the concentration of lithium ions are measured
approximately 150 mg/L, and several researchers have focused on the recovery of
lithium in the geothermal fluid using various methods, one of which is liquid extraction.
Solvent extraction has been used to recover lithium from various sources, and successful
recovery efficiency have been attained. However, the geothermal fluid in EGS reservoirs
contains high concentrations of SiO2, which might inhibit the selective recovery of lithium.
Thus, in this study, two consecutive stages of solvent extraction were used to separate the
lithium from the geothermal fluid that contained different concentrations of SiO2 ions. The
divalent ions were removed in the first stage, and the lithium ions were extracted effectively
in the second stage. The SiO2 inhibits the selective recovery of lithium in the first stage to a
greater extent than it does in the second stage. The spectroscopy data shows a decrease
of the organic solvents main functional group (P=O & P-O-H) absorbance that reacts with
the metal ions of the geothermal water after extraction however the intensity difference was
reduced as the SiO2 concentrations increases. Silicate ions can be problematic due to the
formation of scaling in EGSs, so controlling its concentration in the geothermal reservoir
would be beneficial for the long-term operation of EGSs and for the successful recovery of
valuable metal resources from EGS reservoirs.

Keywords: enhanced geothermal systems, geothermal fluid, lithium recovery, solvent extraction, silicates

1 INTRODUCTION

Geothermal energy is known to be thermal energy that is contained inside the Earth (Barbier, 2002),
and geothermal systems use this geothermal energy to generate electricity (Olasolo et al., 2016).
Enhanced geothermal systems (EGSs) are one of the geothermal systems used to extract thermal
energy from hot dry rock (HDR) (Lei et al., 2019). EGS technology has been developed in several
countries for more than 40 years, and it is known to be a source of clean renewable energy (Lu, 2018).
EGSs apply hydraulic stimulation at depths deeper than 3 km of HDR to create an artificial
geothermal reservoir for a sustainable geothermal system (Hofmann et al., 2014; Kim et al.,
2018). Water is injected through an injection well where the thermal energy is stored in the
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deep fractured network, and it comes out through the pumping
well with thermal energy (Caulk et al., 2016; Hofmann et al., 2019;
Lee and Chung., 2020a). The heated water passes through a
geothermal heat exchanger where the heat is used to generate
electricity.

During the circulation of a geothermal fluid or hydraulic
stimulation, the chemical composition of the fluid changes
abruptly compared to the initial stage. The composition
changes originate from various geochemical reactions in the
geothermal reservoir (Owen et al., 2020; Lee and Chung,
2020a). As described in the article by Pauwels et al. (1992),
the total dissolved solids (TDS) of the production fluid of the
Soultz-sous-Forêts EGS increase due to a short duration injection
test, and lithium ions especially are increased in this site. Lithium
is an essential metal that is used in many industries, such as
ceramics, glass, rubber, and batteries (U.S. Geological Survey,
2018), and the demand for lithium is estimated to increase due to
its use in electric vehicles and batteries (An et al., 2012; Swain,
2017; Xu C. et al., 2020). Usually, lithium is obtained from
lithium-rich brines (as dissolved lithium chloride (LiCl)) and
from lithium-bearing minerals, such as petalite and lepidolite
(Flexer et al., 2018). The separation of lithium ions from massive
volumes of seawater, which has an average lithium concentration
of 0.17 mg/L, has been conducted in many studies (Nishihama
et al., 2011; Harvianto et al., 2016; Li et al., 2018). Compared to
the low average concentration of lithium in seawater, the
geothermal fluid that comes from the Soultz-sous-Forêts EGS
has a relatively high lithium content (approximately 150 mg/L)
after its long-term circulation from the GPK-2 production well
(Scheiber et al., 2012). The concentration of lithium ions in the
geothermal water in the Soultz-sous-Forêts EGS is higher than the
worldwide concentrations (i.e., 1–100 mg/L) reported by Flexer
et al. (2018), so it provides many economic advantages in
selectively recovering lithium ions.

Several studies of selective lithium recovery from various
solutions including geothermal brines have been reported,
including adsorption, ion exchange, electrochemical extraction,
and solvent extraction (Han et al., 2014; Yen et al., 2016; Jang and
Chung, 2019; Battistel et al., 2020; Warren, 2021). Many
researchers applied the adsorption and the ion exchange
methods to recover lithium ions from various solutions, and
many of them showed significantly selective lithium recovery
results (Braun et al., 2002; Kumar et al., 2017; Wang et al., 2017;
Jang and Chung, 2018; Goc et al., 2021; Warren, 2021). However,
since the use of the oxidant or acid is essential for a desorption
process, it might not be economical to recover lithium using
adsorption in a large scale (He et al., 2018; Xu W. et al., 2020).
Also, for the ion exchange method, fouling such as calcium sulfate
can occur during a regeneration process due to the significant
amount of calcium ions in the geothermal fluid (Scheiber et al.,
2012; Wachinski, 2016). The electrochemical method uses
lithium-selective electrodes like λ-MnO2 or HFePO4 to capture
the lithium ions from solutions (Kim et al., 2021; Wang et al.,
2021). The electrochemical extraction method showing the high
lithium selectivity does not require the chemicals such as organic
solvent or acid. However, high energy consumption is expected
due to the application of high voltage during the operation

(Kanoh et al., 1993; Battistel et al., 2020; Joo et al., 2020; Kim
et al., 2021). The solvent extraction method uses the transfer of a
compound from one liquid phase to another based on the
different solubility or distribution coefficients of the
compound (Chen and Wang, 2016). In this study, the solvent
extraction or liquid-liquid extraction method was tested due to
the simplicity of the process and the relatively short operation
time (Yang et al., 2003; Masmoudi et al., 2021). In many studies, it
was shown that the contact time of less than an hour (fewminutes
at least) was enough for the process (Yang et al., 2003; Silva et al.,
2005; Jin et al., 2014). Also, the recyclability of the solvent makes
this method beneficial. Based on the advantages described above,
the solvent extraction method is used extensively in industrial
applications to recover valuable metal ions from solutions (Yen
et al., 2016). Many researchers have used various solvents to
extract specific metal ions from aqueous solutions (Sadakane
et al., 1975; Umetani et al., 1987; Hano et al., 1992). In previous
research, D2EHPA was used to recover manganese from a
solution based on lithium-ion batteries (Vieceli et al., 2021),
and strontium was extracted from the leach liquor of ore by
using a crown ether (18-crown-6) (Alamdar Milani et al., 2021).
Due to different functional groups or properties of solvents,
solute-solvent interactions and the distribution ratio can be
affected, resulting in a different cation affinity (Kislik et al.,
2003; Kislik and Eyal. 2003). In Soultz-sous-Forêts geothermal
water, various divalent cations and silicate ions exist, and they can
have an adverse effect on the efficiency of lithium extraction.
D2EHPA (Di-(2-ethylhexyl)phosphoric acid, C16H35O4P) is well
known as an extractant for its higher affinity for divalent cations
than for monovalent cations (i.e., Ca2+ > Sr2+ >Mg2+ > Li+ >Na+)
(Hano et al., 1992; Jang et al., 2017). In a study by Jang et al.
(2017), two-step liquid extraction was used to selectively extract
lithium ions from shale gas produced water. The first step was
proposed to remove most of the divalent ions with a low lithium
concentration extraction, while the second step was used to
extract lithium ions selectively (Lee and Chung, 2020b). Due
to a similar chemical composition especially for the cation
concentration in geothermal water, the two-step solvent
extraction process was used in this research to recover lithium
selectively.

Geothermal water has a high TDS, including silicate ions,
which usually is produced by geochemical reactions of silicate
minerals (Lee and Chung, 2021). A high concentration of silicate
ions (130–409 mg/L) was reported for the GPK-2 production well
of the Soultz-sous-Forêts EGS on different sampling dates
(Sanjuan et al., 2006). Due to a high concentration of silicate
ions dissolved in the fluid, the precipitation of silicate minerals
can occur in the pipe or reservoir during the circulation of the
fluid, so fracture closure can decrease the permeability of the EGS
(Sanjuan et al., 2010; Putera et al., 2018; Lee and Chung, 2020a).
Not only is dissolved silicate fatal for the EGS process due to the
scaling formation, high concentrations of dissolved silicate ions
also have been reported to possibly inhibit the extraction
efficiency of metal ions (Hano et al., 1992). Accordingly,
several studies have reported methods to remove dissolved
silicate from solutions (Putera et al., 2018; Spitzmüller et al.,
2021), the relationship between the existence of silicate ions and

Frontiers in Chemical Engineering | www.frontiersin.org March 2022 | Volume 4 | Article 7412812

Lee and Chung Effect of Silicate During Extraction

https://www.frontiersin.org/journals/chemical-engineering
www.frontiersin.org
https://www.frontiersin.org/journals/chemical-engineering#articles


the specific metal extraction efficiency during solvent extraction
has not been researched fully. Therefore, in this study, different
concentrations of silicate ions were tested in geothermal water to
investigate their interaction and influence during lithium
recovery from solvent extraction.

2 MATERIALS AND METHODS

2.1 Sample Preparation
Soultz-sous-Forêts geothermal water was synthesized using
various chemicals to set the concentration of major cations,
i.e., Na+, Ca2+, K+, Li+, Mg2+, Sr2+, and Ba2+, for a chemical

composition similar to that of actual geothermal fluid (Scheiber
et al., 2012). The main chemical properties of synthetic
geothermal water are shown in Table 1.

After synthesizing geothermal water, solutions with different
concentrations of dissolved SiO2 were added to observe the
lithium extraction efficiency. The content of Si ions is
measured and converted into SiO2 content that can be
converted to a soluble form of silica in the geothermal water.
In this study, 0, 150, and 350 mg/L of dissolved SiO2 solutions
were put to the geothermal water, and they were classified as
samples A, B, and C in this study. As shown in the previous
studies by authors, high TDS concentration of a solution might
inhibit the efficient lithium recovery during solvent extraction
process (Jang et al., 2017) and solvent extraction was applied in a
50× diluted shale gas produced water of which the TDS
concentration was up to 157,000 mg/L. Soultz-sous-Forêts
geothermal water has a high TDS value, i.e., approximately
100,000 mg/L (Scheiber et al., 2012), therefore, three different
dilution rates for the synthetic geothermal fluid were tested. The
results were provided in Supplementary Material. When the
original geothermal fluid was tested, most of the divalent ions
showed a low removal efficiency (<40%). For In the 25× diluted
geothermal water, Sr2+ and Ba2+ showed > 90% removal
efficiency and Mg2+ showed 84% removal efficiency. When the
solvent extraction method was applied to the 50× and diluted
geothermal water, all divalent ions showed significantly higher
removal efficiency than for the 25× diluted geothermal water,
especially, Sr2+ and Ba2+ showed removal efficiencies greater than

TABLE 1 | Properties of real and synthetic geothermal water (mg/L).

Geothermal water Scheiber
et al. (2012)

Synthesized geothermal water

pH 5.2–5.5 5.0–5.3
Ca2+ 6850–7588 6344.9–7140.8
Li+ 150–152 155.9–183.1
Na+ 21340–26677 19341.7–23048.2
Sr2+ 397–479 357.0–394.7
Mg2+ 124–155 115.1–135.7
Ba2+ 9.6–19.4 18.1–20.6
K+ 3200–3540 2725.9–2998.4
Cl− 57500–58271 57861.0–59571.0
Br− 239–267 263.4–311.8
SO4

2− 177–188 170.0–235.6

FIGURE 1 | 1st step removal efficiency of cations in different SiO2 concentrations of geothermal water. (Sample (A)-SiO2 0 mg/L; Sample (B)-SiO2 150 mg/L;
Sample (C)-SiO2 350 mg/L).
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97%. In both 25× and 50× diluted geothermal water, Ca2+ showed
the highest removal efficiency (close to 100%) and Li+ showed
removal efficiency about 69–70%. Based on the results, it was
concluded that the 50× diluted geothermal water was optimal to
be tested for the lithium recovery from geothermal fluid.

2.2 Experimental Methods
In all stages of the solvent extraction, D2EHPA (97%, Sigma
Aldrich, St. Louis, MO, United States) was used as an extractant,
and kerosene (Sigma-Aldrich, St. Louis, MO, United States) was
used as a diluent to control the molarity of the organic phases.
During the solvent extraction process, the ratio of the organic
phase to the aqueous phase was 1:1, and the two phases were
mixed using a shaking incubator (SH-BSI16R, Samheung
Instrument, Korea). The shaking speed and temperature were
set to 150 rpm and 25°C, respectively, for 30 min. After mixing
the organic and aqueous phases, the two-phase solution was
equilibrated until the two phases were separated in a separating
funnel. The aqueous solution was reused for repetitive extractions
up to four times to improve the efficiency of the removal of the
divalent cations and fresh organic solvents (1.0 MD2EHPA) were
applied in every repetitive extraction. The process of the second
stage was similar to the previous one but TBP (Tributyl
phosphate, C12H27O4P, 98.5% purity, Daejung Co., Siheung,
Korea) was used for lithium recovery in the mixture of
D2EHPA and kerosene as an additive. Fresh organic solvent
(1.5 M D2EHPA + 0.3 M TBP) was used in every repetition and
the aqueous solution was reused for repetitive extractions.

After every extraction cycle, 10 ml of the aqueous phase was
withdrawn and filtered with a 0.45 μm polytetrafluoroethylene
(PTFE) filter (Millipore, Germany) to remove particulates. The
permeate was then analyzed cations and anions by inductively
coupled plasma optical emission spectrometry (ICP-OES,
Optima 8300, Perkin Elmer, United States) and ion
chromatography (IC, Dionex ICS-1100, Thermo Scientific,
United States). The pH level was measured using a multimeter
(Orion Star A329, Thermo Fisher Scientific, United States). The
organic solution was analyzed by Fourier transform infrared
spectroscopy (FT-IR spectra, Nicolet 6700, Thermo Fisher
Scientific, Waltham, MA, United States) to analyze the
changes in the absorbances of the major functional groups.

According to Hano et al. (1992), the chemical reaction of
D2EHPA (HR) and metal ion (Mn+) can be described as Eq. 1 (x:
solvation number of complex)

Mn+ + (n + X)
2

(HR)2 ↔ MRn(HR)x + nH+ (1)

A chelate (metal-extractant complex) can be formed during
the interaction of deprotonated D2EHPA and metal ions, and the
metal ions move from the aqueous phase to the organic phase
(Lee et al., 2011). A proper amount of TBP would act as a
synergistic reagent in the mixture of D2EHPA, TBP, and
metals to increase the extraction efficiency of metal ions, and
this reaction can be described as Eq. 2 (Hano et al., 1992; Amani
et al., 2017).

MRX(HR) + TBP ↔ MR(x−1)HR(TBP) +HR (2)

One molecule of D2EHPA from the D2EHPA-metal complex
can be replaced with one molecule of TBP to react with another
metal ion to increase the extraction efficiency.

The extraction efficiency of each metal ion is calculated by Eq.
3 (Jafari et al., 2018):

Extraction efficiency (%) � [C]in, aq − [C]fin, aq
[C]in, aq × 100 (3)

In Eq. 3, the concentration of a specific metal ion in the
aqueous phase before solvent extraction is [C]in,aq, and the
concentration of a specific metal ion in the aqueous phase
after solvent extraction is [C]fin,aq.

Distribution ratio (Dm) is the ratio of the concentration of the
metal ion in the organic phase to the concentration of the metal
ion in the aqueous phase and is calculated by Eq. 4 (Ganji et al.,
2016).

Dm � [MRn(HR)x]
[Mn+]

� concentration of specific metal ion species in the organic phase

concentration of specific metal ion species in the aqueous phase

(4)
The separation factor of a specific metal ion (M1) over another

metal ion (M2) in the extraction was calculated by the distribution
ratio (Dm), as described by Eq. 5 (Jang et al., 2017).

SM1
M2 �

DM1

DM2

� (M1 ion concentration in the organic phase /M1 ion concentration in the aqueous phase)

(M2 ion concentration in the organic phase /M2 ion concentration in the aqueous phase)

(5)

3 RESULTS AND DISCUSSION

3.1 First Step of Solvent Extraction for the
Extraction of Divalent Ions
The influence of different dissolved SiO2 concentrations (0, 150,
350 mg/L) in geothermal water was observed during the solvent
extraction process of metal ions. Figure 1 shows the extraction
efficiency of cations (Ca2+, Sr2+, Mg2+, Li+, Na+) in geothermal
fluid, with different dissolved SiO2 concentrations for four
extraction processes. Ba2+ was not drawn in the figure due to
its lower concentration (<0.4 mg/L) in the initial fluid after 50×
dilution. The pH of the aqueous solution was measured after
every repetition extraction process, and the range of the pH values
was 1.8–2.1 due to the production of hydrogen ions, as described
in Eq. 1.

The removal efficiencies of Ca2+, Mg2+, and Sr2+ were greater
than 90% after four repetitions in all three samples. The removal
rates of SiO2 were also calculated after each step and the values
were significantly low. For sample A and C, the removal rates of
silicate ions from the aqueous side were 0% and, for sample B,
the removal rate was measured as about 7% after 4 repetitions.
D2EHPA affinity for cation extraction has been reported to be in
the order of Ca2+ > Sr2+ > Mg2+ > Li+ > Na+ (Hano et al., 1992;
Jang et al., 2017), and all the cations tendency satisfied in three
samples. For example, as D2EHPA shows the highest affinity for
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Ca2+ compared to other divalent ions (Hano et al., 1992; Jang
et al., 2017), the removal efficiency showed the highest values in
all conditions as shown in Figure 1.

The removal efficiency of cations including lithium increased
as the SiO2 concentration increased. Especially, the lithium
removal efficiency in solution A at the first extraction was
55.5%, and the efficiency increased to 66.8 % and 77.9% in
solutions B and C, respectively. To observe the effect of
dissolved SiO2 in the solution, distribution ratio of the cations
were calculated for the first (1-1) extraction (Table 2). The DNa

values in all samples indicate that the extraction of Na+ was not
significant during the first solvent extraction. The distribution
ratio of Ca2+ showed a decrease while the SiO2 concentration
increases but the other divalent ions (Sr2+ and Mg2+) and Li+

showed higher distribution ratio in higher SiO2 concentration
solution.

After four repetitive stages of extraction, more cations were
extracted from the aqueous phase and the distribution ratio of
cations increased. The separation factors of three divalent ions
over lithium after four stages were calculated as shown in Table 3.
Ca2+ had the highest selectivity factors in the geothermal water
without SiO2, and the selectivity increased when the SiO2

concentrations increased in the solution. However, Sr2+ and
Mg2+ showed slight decreased separation factors with the
increase of SiO2 concentrations.

The absorbance of the metal-D2EHPA complex in the organic
phase was analyzed using FT-IR to observe the change in the
functional group during solvent extraction (Figure 2). The result
for D2EHPA before the extraction is shown in red line, and the
sample A, B, and C results are shown in Figures 2A–C,
respectively. Due to the formation of a metal-D2EHPA
complex during the extraction with no SiO2 ions (sample A),
the absorbance of the P=O bond (1034 cm−1) and the P-O-H
bond (1230 cm−1) decreased after extraction (Figure 2A). It
seems that the metal ion and an electronegative P=O bond
from D2EHPA form a bond, and a hydrogen from the
P–O–H bond is replaced with a metal ion. Figure 2A shows
that the wavenumbers for the absorbance peaks increase as the
SiO2 concentrations increased, which indicates that the existence

of the SiO2 ions interferes with the loading of the metal ion during
the solvent extraction.

Although the formation of metal-D2EHPA complex was
slightly inhibited by the SiO2 ions in the aqueous fluid
(Figure 2), more metal ions were extracted from the
aqueous solution in the existence of the SiO2. One of the
explanation for that could be the silica polymerization. The

TABLE 2 | Distribution ratio of cations ions in the first extraction stage (1-1).

DCa DSr DMg DLi DNa

Sample A 137.1 3.9 2.4 1.2 -
Sample B 99.7 4.5 4.1 2.0 0.2
Sample C 64.3 7.0 7.9 3.5 0.2

TABLE 3 | Separation factor of divalent ions over lithium after the first
extraction step.

S Ca
Li S Sr

Li S Mg
Li

Sample A 238.5 12.4 3.9
Sample B 268.0 9.9 4.0
Sample C 411.6 9.2 3.9

FIGURE 2 | FT-IR spectra of samples (A) D2EHPA + Kerosene &
D2EHPA + Kerosene after the 1st stage solvent extraction of the geothermal
water without SiO2; (B) D2EHPA + Kerosene & D2EHPA + Kerosene after the
1st stage of solvent extraction of the geothermal water that contained
150 ppm of SiO2; (C) D2EHPA + Kerosene & D2EHPA + Kerosene after the
1st stage of solvent extraction of the geothermal water that contained
350 ppm of SiO2.
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silanol group (Si-O-H) originated from dissolved SiO2 in
geothermal water can form polymeric, colloidal, and
particulate silica due to various conditions, such as pH or
the presence of other ions (Park et al., 2020). The
polymerization of silicic acid occurs rapidly in neutral or
slightly alkaline pH values and is formed slowly below pH
6.5 (Putera et al., 2018; Park et al., 2020). Due to a low pH
solution (1.8–2.1) after every repetition extraction process, the
polymerization of silicic acid actually occurs probably at a slow
rate. With other divalent cations, silica polymerization can be
formed because silicic acid is classified as a weak acid in
geothermal water (Brown, 2013; Park et al., 2020).

3.2 Second Step of Solvent Extraction for
Lithium Ion Extraction
After removing the divalent cations from the geothermal water in
the first extraction step, lithium was extracted during four
repetitive cycles in the second step (Figure 3). The [C]in,aq
value in Eq. 3 for all data points (2-1, 2-2, 2-3 and 2-4) is the
concentration value measured after the stage 1–4 is completed,
and the [C]fin,aq value implies the concentration measured after
each stage. Li+ had a higher extraction efficiency than the other
monovalent cation, Na+, for all three samples and the Li+

extraction efficiency ranged from 21.9 to 24.8%. The
separation factor of Li+ over Na+ could not be calculated due
to the negative extraction efficiency of Na+ ions. The separation
factor of Li+ over Na+ could not be calculated due to the negative
extraction efficiency of Na+ ions. Jang (2016) explained that the
effect of TBP addition can dissolve the hydrated complex (HRn ·
xH2O) that was not extracted in the previous extraction stage. If
the coordination number of the metal ion is not satisfied to load
from the aqueous phase to the organic phase during the
extraction reaction, the metal ions can be stocked with water
molecules with a creation of a hydrated complex (HRn · xH2O)
(Tanaka and Akaiwa, 2009). The Na+ showed relatively low
extraction efficiency in the first stage due to the formation of
a hydrated chelate complex with D2EHPA. TBP molecules have a
low affinity with Na+ ions and the metal chelate complex (HRn ·

xH2O) can be resolved in the solution by the addition of TBP,
which might cause an increase of Na+ ions concentration (Jang,
2016).

After removing most of the divalent ions in the first step, the
overall extraction efficiency of Li was calculated as shown in
Figure 4. In the first stage extraction, 71.9–79.50% of the original
lithium was lost and 21.9–24.8% of the remaining lithium was
recovered during the second stage extraction. Therefore, the
overall lithium recovery rate was calculated as 4.5–6.8%. The
overall recovery of Li+ decreased from 6.8 % to 4.5% as the SiO2

concentration increased. The difference between the Li+ recovery
rates depends mainly on the loss of Li+ in the first step of the
extraction process.

A certain amount of the geothermal fluid is generally lost in
EGSs during the circulation of the fluid, and less than 10% of the
fluid loss would make the long-term operation of the system
possible (Clark et al., 2013; Schill et al., 2017). Therefore, in some
cases, the input of new fluid such as river or lake water near the
site would be required to operate the system properly. In this
study, it was shown that 50× dilution was favorable for the
lithium extraction in the geothermal water. If 0.2% of the
geothermal water is used for the lithium extraction, the
volume of the solution after the extraction will be close to
10% of the original geothermal water volume. If further study
shows that the lithium recovery is feasible from the diluted
geothermal fluid with the freshwater near the EGSs, the
simultaneous lithium recovery and EGS operation without
fluid loss might be possible.

4 CONCLUSION

Solvent extraction was implemented in two repetitive stages for
the recovery of Li+ from geothermal fluid. The first stage of
solvent extraction was used to remove divalent cations, and the
second stage was to recover Li+ selectively from the geothermal
water. During the two step solvent extraction process, the total
lithium recovery efficiency decreased from 6.8 % to 4.5% as the

FIGURE 3 | 2nd step removal efficiency of Li and Na in different SiO2

concentrations of geothermal water. FIGURE 4 |Overall Li recovery efficiency in different SiO2 concentrations
of geothermal water.
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SiO2 ion concentrations increased. As the concentration of SiO2

ions increased from 0 mg/L to 350 mg/L in the geothermal
water, the loss of Li ions from the aqueous phase in the first
step increased from 55.5% to 77.9% and the Li recovery rates in
the second step did not show significant difference (21.9–24.8%)
in different SiO2 concentrations. Accordingly, the overall Li +
recovery efficiency has been decreased and it indicates that the
influence of SiO2 on the Li+ recovery occurs mainly in the first
step of the extraction process. The separation factor of divalent
ions such as Sr2+ and Mg2+ over Li+ decreased as increased SiO2

concentration because greater amounts of Sr2+ and Mg2+ have
been extracted with the existence of SiO2 ions in the geothermal
fluid. In this study, 50× dilution was preferable to extract the
lithium ions efficiently so 50 times greater volume of the
solution was produced after the extraction. The solution
could be added, if necessary, to the geothermal fluid for an
effective EGS operation. It is well known that SiO2 ions in the
geothermal fluid can cause the scaling problem in geothermal
systems and it was found, in this study, that SiO2 ions also
inhibits the selective recovery of lithium from the geothermal
water. Therefore, controlling the concentrations of SiO2 ions in
geothermal reservoirs is suggested for the efficient operation of
geothermal systems and successful recovery of lithium from the
geothermal fluid.
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