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 Demand for lithium (Li) is expected to continue to rise sharply with the growing worldwide 

deployment of electric vehicles, and prices are projected to continue to rise. Li can be sustainably 

recovered from oil and gas produced water by utilizing Li recovery technologies such as 

adsorbents, membrane-based processes, and electrolysis-based systems (Figure 1). Lithium is a 

valuable metal, broadly known for its current application in the energy-storage sector, in lithium-

ion batteries, and for its potential use in thermonuclear fusion; lithium is also used in CO2 

adsorbents in aircrafts and submarines, glass production, medical products, and materials such as 

plastic and grease. In fact, the value of lithium has increased sharply in recent times due to high 

demands and low supply of this alkali metal, and the future of lithium price is now difficult to 

predict since both supply and demand of lithium is currently unstable.1 

 

Figure 1. Lithium recovery technology platform.  

 

 While most lithium used for lithium batteries is currently produced in the lithium triangle 

of Argentina, Bolivia and Chile in South America2,3, the large markets with significant demands 

for lithium are in North America, Europe and Asia, however. Thus, with resource-security in 

mind, increasing attention has been given to recovery of lithium from produced water at oilfields 
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both in the US and globally. Various technologies that enable recovery of lithium from oilfields 

have been tested in order to provide the large markets with lithium from more diverse and often 

geographically closer sources. Although there is a plethora of reports on oilfield brines, less has 

been published on the use of wastewater from oilfields as a lithium resource. This paper 

evaluates potential for lithium resource recovery from oilfield wastewater. 

 

 

Figure 2. Lithium concentration in water from unconventional oil and gas (UOG) fields in 

the US4 and some oilfield brines.5 

 

 Figure 2 shows that certain oilfield brines around the world contain high concentrations 

of lithium. For example, Smackover brines in the US have a maximum of over 500 mg/L of 

lithium, and some projects are moving forward to test its suitability as a lithium resource.6,7 On 

the other hand, wastewater from oil and gas fields has lower concentration but nevertheless has 

potential as a lithium resource because there is no need to build new wells and because oil 

producers can benefit from the revenue stream generated by lithium recovery from the 

wastewater, which would otherwise, be a financial burden. Estimates of the lithium resource 
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ranges for some US oil and gas fields are given in Figure 3. It should be noted that these 

estimated values are not precise, not only because some data are lacking, but also because 

wastewater volume and its lithium concentration are also unstable and constantly changing. 

 

 

Figure 3 Estimated resource range in metric tonnes Li metal equivalent in wastewater from 

unconventional oil and gas formation in the US. The estimated values were calculated from 

a median of lithium concentration in UOG produced water from some formation (44 mg/L, 

calculated from 155 data points) and the volume of wastewater from each oil and gas 

formation (long-term produced water rates in gallons per day), both of which are reported 

in a EPA report.4 The calculation assumes 100% lithium recovery and a formation lifespan 

of 30 years. 

 

 Figure 3 shows that wastewater from oil and gas production can contain from several 

dozen to several hundred tonnes of lithium. The total amount of lithium potentially available for 

recovery from these oil and gas production wastewaters can be comparable to that of some small 

lithium deposits with several thousand tonnes of lithium, such as in the Outovesi pegmatite 

deposits in Finland (2,000 metric tonnes Li metal equivalent)6. To be sure, general lithium 
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oilfield deposits usually contain much more lithium: Fox Creek and Valleyview in Canada have 

362,000 and 385,000 metric tonnes Li metal equivalent, respectively, while the Smackover 

Formation in the US has 750,000 metric tonnes Li metal equivalent.6 The exploitation of lithium 

from oil and gas fields will enable US markets to obtain lithium domestically and avoid the 

potential for monopoly pricing by the South American concerns. In terms of capital cost, lithium 

producer can make use of existing oil and gas wells and thereby reduce their expenses for lithium 

recovery. For example, based on a techno-economic study on the Smackover Formation in the 

US, Daitch reported that since wells did not need to be drilled, the cost for lithium recovery 

could be reduced significantly.7 In addition, oil and gas producers could increase profits by 

selling lithium obtained from their wastewater. Therefore, the exploitation of oil and gas 

production wastewater with its high potential as a lithium resource should be evaluated carefully, 

particularly in locations which frequently import lithium from other regions. This presents a 

potential benefit for oil and gas producers as well as the end users of lithium. 

 For the past several decades, a combination of solar evaporation and carbonation has 

been utilized to produce pure lithium compounds. Solar ponds can, however, only be applied to 

brine that has a relatively high concentration of lithium, roughly more than 500 mg/L. 

Evaporation also takes approximately one year to concentrate the lithium sufficiently to ensure 

effective precipitation of lithium carbonate on the addition of soda ash. Recently, other, more 

rapid processes to recover lower concentrations of lithium, starting at around 100 mg/L, a 

common concentration in oilfield brines, have been considered, as summarized in Table 1. This 

section reviews such technologies and discusses their applicability to oil and gas wastewater by 

considering some practical examples. 
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Table 1. Technologies for lithium extraction from brine  

Technology Mechanism Developer 

Solar 

evaporation 

 

Lithium-containing solutions in ponds 

are concentrated by solar heating; 

lithium carbonate precipitated on 

addition of soda ash (sodium 

carbonate). 

2 3 2 32LiCl Na CO Li CO 2NaCl    

Conventional 

Phosphate 

precipitation 

Lithium phosphate precipitated on 

addition of phosphoric acid. 

3 4 3 43LiCl H PO Li PO 3HCl    

POSCO8–10 

Ion exchange 

resin 

 

Lithium ions intercalated into layers of 

aluminum hydroxide on ion exchange 

resins. 

3 2

3 2

LiCl+NaCl 2Al(OH) nH O

NaCl+LiCl 2Al(OH) nH O

 

  
 

Dow11–13 

Aluminum 

based 

adsorbent 

Lithium ions adsorbed onto aluminum 

hydroxide with the almost same 

mechanism as ion exchange resin 

above. 

FMC14–16 

Simbol17,18 

Eramet19 

Manganese 

based 

adsorbent 

Lithium ions adsorbed within layers of 

manganese oxide such as H1.6Mn1.6O4 

and λ-MnO2. 

JOGMEC20 

Titanium 

based 

adsorbent 

Lithium ions adsorbed into layers of 

titanium oxide such as H2TiO3. 
Neometals21 

Solvent 

extraction 

 

Lithium ions extracted from water 

phase by oil phase. 

sol aq sol aqR-H +LiCl R-Li +HCl  

Tenova22,23 

Organic

Aqueous
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Nanofiltration 

 

Lithium ions concentrated through 

differences in ion rejection ratios and 

water flow rejection by membrane 

MGX24,25 

 

 Phosphate precipitation is a newly developed technology to replace the carbonation step 

in the solar evaporation process. While this method requires extra processing steps to convert 

lithium phosphate into the desired lithium carbonate or hydroxide8, it has succeeded in 

shortening the time needed for the solar evaporation step since lithium phosphate, with solubility 

0.39 g/L, can be precipitated at ambient temperature at much lower concentrations than can 

lithium carbonate, whose solubility is 13.3 g/L. POSCO currently has projects to recover lithium 

from brine or battery recycling with this method.9,10 However, it is doubtful that phosphate 

precipitation can be applied to oilfield wastewater because it still partially requires solar 

evaporation, which can concentrate lithium only from high-concentrated brine (e.g. more than 

500 mg/L) within reasonable time, as a pre-concentration step. 

 Adsorbents such as ion-exchange resins are typically used in packed columns for 

practical operations. Although is a conventional method for recovery of metal ions from solution, 

lithium is much more difficult than other metal ions, e.g., copper, to adsorb selectively. The 

reason is that, in brine, much higher concentrations of sodium, potassium, calcium and 

magnesium ions are present, sometimes 100-fold greater than lithium molar concentration, and 

these ions have better affinity for strong acidic cation exchange resins. Because of the 

unfavorable solution conditions for effective recovery by conventional ion exchange resins, Dow 

Chemical in the US developed aluminum loaded resins that can take up lithium selectively from 
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brine11–13, although challenges remain due to low selectivities. There have been some reports in 

which lithium is extracted into solvent impregnated resins. Nishihama et al., for example, used 1-

phenyl-1,3-tetradecanedione (C11phβDK) / tri-n-octylphosphine oxide (TOPO) impregnated 

resins to separate lithium from sodium and potassium ions.26 These solvent impregnated resins 

are one of the most promising ways to recover lithium because of their high selectivity, but the 

gradual elution of solvent from the resin, which makes the resin more difficult to be reused, 

remains problematic especially in oil and gas wastewater which can contain some organic 

components. 

 Other adsorbents that can be packed in columns are certain metal oxides/hydroxides, 

which show good capacity for lithium adsorption. While they have higher selectivity for lithium 

than ion exchange resins, it does take longer to complete extraction than with conventional ion 

exchange resins because lithium needs to intercalate into the layers of the metal 

oxides/hydroxides. Aluminum-based adsorbents are typically LiCl/Al(OH)3 compounds, which 

are very similar to the aluminum-loaded resin. Since the aluminum-loaded resin only has 

adsorption sites on the surface of the resin, and the aluminum-based adsorbent has adsorption 

sites along its whole surface, the latter generally has a higher capacity. Some companies, FMC, 

Simbol and Eramet, have their own patents for aluminum adsorbents.14–19 A manganese-based 

adsorbent with high selectivity for lithium was first reported by Ooi et al.27–29 , raising interest 

among many researchers. Papers published after the first report indicate that the adsorption 

mechanism is essentially same as that with aluminum adsorbents. The manganese-based 

adsorbent is now being tested with the Uyuni salt lake solutions in Bolivia by Japan Oil, Gas and 

Metals National Corporation (JOGMEC).20 A titanium-based adsorbent with comparable 

capacity for lithium recovery has been reported by Chitrakar et al.,30 and Neometals used a 
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similar kind of titanium-based absorbent to successfully extract lithium directly from brine.21 

The three adsorbents are granulated for practical operation in columns, and they are currently 

being studied in terms of optimal binder formulation and granulation method. Despite of the 

potential for the effective recovery of lithium by the three adsorbents, there are few practical 

operations; only a small number of pilot tests have been carried out. Given the clear potential for 

lithium recovery from oil and gas wastewater, it is desirable to keep moving forward to improve 

these adsorbents. 

 Solvent extraction is another promising method.22 This technology also shows higher 

selectivity for lithium over other monovalent ions such as sodium and potassium ions. On the 

other hand, divalent ions, such as magnesium and calcium, should be removed and lithium 

should be pre-concentrated prior to the solvent extraction step to maintain the efficiency of the 

process. Tenova has its own process to extract lithium by solvent extraction and electrolysis22,23, 

but it does not seem to be appropriate for produced water from oilfields because the lithium 

concentration needs to be elevated to a certain degree, the divalent ions need to be removed 

before solvent extraction, and organic impurities can have a significant negative impact on the 

efficiency of solvent extraction. 

 Finally, membrane technology is expected to play an important role for lithium 

extraction. Somrani et al. studied nanofiltration and low pressure reverse osmosis for lithium ion 

separation from brine.31 Although temperature and pressure control are required, the membrane 

process can be applied to low concentrations of lithium, such as found in oil and gas wastewater. 

Furthermore, while fouling can be a very large concern, as discussed in other membrane 

applications, membrane processes can be applied to a variety of brines or wastewaters when 



 10 

conditions are properly determined and controlled. In fact, MGX has reported success in lithium 

extraction from oilfield produced wastewater using membranes.24,25 

 In conclusion, various technologies can replace conventional solar evaporation to meet 

the lithium demand by accelerating concentration processes and adapting systems to lower 

lithium concentration. When it comes to lithium extraction from oil and gas wastewater, this 

article shows that the three reported metal oxide adsorbents and membrane technologies are the 

most promising. Despite this potential, few practical systems are operational. Greater efficiency 

is required, which can be attained both by improving the discussed methods and by developing 

novel methods in order to recover lithium from solutions with a range of different characteristics 

and conditions. 
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