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Lithium has been a critical component of our civilization for decades finding usability in 

various fields from Li-ion batteries to medicine. The increasing demand for lithium is 

exponential and impossible to satisfy with current sustainability of this material in terms of 

available natural resources and renewability.  

This thesis is separated into three major parts, where Lithium extraction delves into the 

problems associated with environmental-friendly methods of lithium extraction, including 

theoretical usage of membranes for lithium recovery from sea water with electrodialysis in 

the future. 

Lithium-Ion batteries covers Li usage in batteries and theoretical solutions for new anode, 

cathode and electrode materials using nano-based morphing and recycling methods with 

much higher recovery rate of materials. 

Lithium in thermonuclear fusion gives perspective on lithium usage in Deuterium-Tritium 

reactions and cooling capabilities of lithium plates giving understanding why this material 

is essential and possible to accept as renewable source of energy in the future. 
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Litium on ollut sivilisaatiomme kriittinen osa jo vuosikymmeniä, ja se on käytettävissä 

lukuisilla erilaisilla aloilla Li-ion-akuista lääketieteeseen. Litiumin kasvava kysyntä on 

eksponentiaalista, ja se on mahdotonta tyydyttää tämän materiaalin nykyisellä 

kestävyydellä käytettävissä olevien luonnonvarojen ja uusiutuvuuden osalta.    

Tämä tutkielma on jaettu kolmeen pääosaan, joissa litiumin talteenotossa perehdytään 

ympäristöystävällisiin litiumin talteenottomenetelmiin liittyviin ongelmiin, mukaan lukien 

kalvojen teoreettinen käyttö litiumin talteenottoon merivedestä elektrodialyysin avulla 

tulevaisuudessa.  

Litium-ioniakut käsittelee litiumin käyttöä akuissa ja teoreettisia ratkaisuja uusiin anodi-, 

katodi- ja elektrodimateriaaleihin, joissa käytetään nanopohjaisia morfointi- ja 

kierrätysmenetelmiä, joiden avulla materiaalien talteenottoaste on paljon suurempi.  

Litium lämpöydinfuusiossa antaa näkökulman litiumin käyttöön deterium-tritium-

reaktioissa ja litiumlevyjen jäähdytysominaisuuksiin, jolloin ymmärretään, miksi tämä 

materiaali on välttämätön ja mahdollista hyväksyä uusiutuvaksi energialähteeksi 

tulevaisuudessa. 

 



 

 

SYMBOLS AND ABBREVIATIONS  

Roman characters 

d diameter  [cm] 

T temperature  [ºC, K] 

PV  power density [W/m3] 

WV  energy density  [J/m3] 

Z recharging rate [mA h g−1 ] 

E emissivity  [0-1] 

 

 

 

 

Abbreviations 

EV Electric vehicles 

LiB Lithium-Ion battery 

LiD Li deuteride 

LL Liquid lithium 

LLTO           Superior solid-state lithium-ion superconductor 

D Deuterium 

T Tritium 

PFC Plasma-facing component
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1   INTRODUCTION  

Lithium is the third element of the periodic table. It is the lightest of all solid 

elements (d = 0.53 g∙cm−3 at 20 °C), has the highest specific heat capacity, the smallest 

ionic radius of all the alkali metals, and a high electrochemical potential which makes it 

desirable material for heat-transfer and cooling applications (Christman, 2016). Lithium is 

one of the most critical metals in modern industry. It has found usage in pharmacy 

as lithium-based bipolar disorder treatment drugs, in aeronautics with light 

aluminium/lithium alloys, in thermonuclear reactions as key component in Tritium reaction 

and most importantly in Lithium-Ion batteries.  

The importunacy of lithium in our daily life is showing exponential growth 

which pushes researchers finding new ways for sustaining this material threw new lithium 

recovery process, increasing life-time capacity and finally modernization of recycling 

processes. Current capacity of known lithium storages can last for another 40 years. 

Getting access to lithium recovery from seawater which is estimated to contain 1000 times 

more lithium than current resources will be a breakthrough in future sustainability and the 

best candidate for this process is a series of membranes.   

The exponential growth of Li-Ion batteries usage in all portable devices and 

Electric Vehicles is currently the highest lithium demanding field. The new ways of 

prolonging lifespan of battery, its faster recharging capacity through usage of new 

materials discovered by morphing can result in dramatic battery sustainability. On top of 

that using biomaterials for cathode and anode parts is suggested. Subsequent research is 

made in recycling LiBs as the most not-cost-efficient process currently with new 

improvements for the existing process resulting in much higher metal recovery including 

Lithium.  

From an energy point of view the most prominent sustainable process is 

thermonuclear reaction where lithium isotopes produce Tritium, the key component for D-

T reaction heating plasma to temperatures exciding 100 million degrees and enabling 

fusion reaction under high magnetic field. Furthermore, liquid lithium is used in a coolant 



 

 

pebble in TOKOMAK. The melting process has shown the possibility for almost full 

recovery of Li from pebbles.  

  



 

 

 

2  LITHIUM EXTRACTION  

In comparison with other materials, Li is highly active, hence its extraction is 

different. Currently there are two main options for lithium extraction. Extracting from ores 

has been dominant in 20th century and has been a long-time global source of lithium such 

as spodumene, petalite and lepidolite (Jaskula et al., 20 18). Lithium ore is extracted from 

the earth after which it is crashed into smaller pieces for further recovery. A series of 

flotation steps is performed to separate valuable materials. (Wietelmann et al., 2014). 

Spodumene contains up to 8% Li2O and can be refined to obtain lithium chemicals such as 

Li2CO3 or LiOH, H2O (Jarod aet al., 2021). The stages of production can be seen in picture 

1.  

 

 

Pic 1.  Ore lithium production (Jarod et.al, 2021) 

 



 

 

The second method is extraction from brines. Lithium has historically been produced from 

subterranean brines in the Andean Mountain region of Chile in the area known as the 

“Lithium Triangle”. There are of course other storages of lithium, but each one has a 

different chemical composition which requires different steps in recovery process. 

(Wietelmannand et al., 2014). Lithium brine is pumped beneath the earth after which it is 

evaporated in pools to increase concertation of Li and get rid of impurities. It is then 

enriched with chemicals dried and filtered for the end product. The main problem is the 

concertation of Magnum in brine which is hard to eliminate. The process is shown in 

picture 2. 

 

Pic 2.  Brine lithium recovery (Steinbuild, 2014) 



 

 

Extraction from ore is simple and fast, taking less than month for a final by-product. Brine 

extraction on other hand is much cheaper, taking from 18-24 months and usually used as a 

process in geothermal plants to simultaneously produce energy. First brine excavation 

started in Chile in 1984 followed by invitation of Li-Ion batteries in 1991 increasing 

demand for lithium. Global production of lithium was 19000t in 2009 rising to 100000t in 

2021(USGS, 2021)  

Considering that global storage of Li is around 19mil.t, we must find new 

ways to extract lithium. As a possible unlimited and location-independent lithium supply, 

the ocean contains approximately 5000 times more lithium than global storage on land. 

The main challenge is low concertation of lithium(0.2ppm) (Joule, 2018) One of the 

solutions is using a process called electrodialysis with membranes to recover lithium from 

seawater. Additionally, the by-product of this process is clean drinking water. In this 

experiment the electrical cell was divided into the cathode, the feed compartment, and the 

anode. The cathode and the feed compartments were separated by a dense glass-type 

membrane (LLTO- superior solid-state lithium-ion superconductor). It provides efficient 

separation of ions making recovery of lithium from sea water passible. The separation of 

anode and feed component prevented dissolution of soluble components. Series of 

preformed solutions were made to increase lifespan of membrane. This experiment shows 

great progress in achieving reliable rates of recovery with efficient usage of energy 

consumption. Implementation of process currently is possible but hard with continuous 

monitoring and improvement needed. Currently there is ongoing start-ups for commercial 

implementations and this technology might see the light in this decade providing us with 

new sustainable source of resources. 

  



 

 

 

3  LITHIUM FIELDS OF USAGE 

Range of lithium application in current industry ranges from glass to pharmacy with Glass 

and ceramics being the main usage of lithium up to 2005 with Lithium-ion ion Batteries 

(LiBs) taken over, since they play a key role in the development of the electronic and green 

industries (Dessemond et al., 2019). On top of that there is growing interest in Li as a low-

recycling plasma-facing component (PFC) and component of tritium (fast-decaying 

radioelement of hydrogen) which is used to fuel the controlled thermonuclear fusion 

reaction (ex. Tokomak. ITER) (ITER, 2021). 

 

 

 

 

Pic 3.  Lithium fields of usage. (Elseiver, 2019)  

  



 

 

 

4  LITHIUM-ION BATTERIES 

Lithium-ion rechargeable batteries are used as the power supply of Electric vehicles (EV) 

and portable electrical devices with its demand increasing exponentially. This has made 

lithium-ion rechargeable battery development the main concern of numerous research 

activities. Currently EV is the main consumption sector of LiBs. It is estimated that it takes 

around (63kg) of pure lithium to make a Tesla model S battery pack.  

Era of LiBs possibly started from creation of transistors allowing invention of 

small-sized rechargeable batteries. (Scrocati et al., 2011).Afterwards, about 30 years ago 

Sonny. Co commercialized first LiBs revolutionizing the market of portable devices. 

Rising world-wide concern about greenhouse effect catalyzed initiatives on green 

technologies with EV being one of them. (Li et al., 2018). Today all car manufacturing 

companies have hybrid or full EV in production. The biggest disadvantages of EV 

(Distance, charging time, safety) can be traced to limitations of battery technology. 

Today LiB typically consists of two electrode materials. Li+ ions are inserted back and 

forth for charging and reversed for discharge. The electrochemical reaction starts with the 

oxidation of the positive electrode material (e.g., LixMO2) and the lithiation of negative 

electrode material (e.g., graphite) during this process. Then discharging Li+ ions are 

extracted from the negative host and inserted back to the positive host. Lithium salt in an 

organic solvent (e.g., dimethyl carbonate (DMC) mixture) is usually selected as the 

electrolyte. The advantages of this process are high energy density, long cycle life, no 

memory-effect, and low self-discharge rates.  The use of electrolytes is also minimized, 

since electrolyte is not directly consumed during electrochemical reactions witch 

furthermore allows minimizing the size of battery. (Piatek et al.,2020)   

 



 

 

Fast recharge 

To achieve fast-charging capabilities, the power density PV of utilized battery cells has to 

be increased simultaneously reducing energy density WV. Wide range comes at the cost of 

fast charging. Kinetic models of battery cells show that overpotentials exist in every cell. 

The process can be divided into transportation   of lithium ions and electrons in the 

electrodes, charge transfer across phase boundaries to transport through the 

electrolyte, polarization effects that limits charging rate led to Li metal plating, limited 

utilization of active material and temperature increase. (Nat. Energy 2019). Current 

recharge speed limiting factors are:  

-diffusion of lithium ions within the anode   

- diffusion of lithium ions in the cathode   

- lithium-ion transport in the electrolyte phase  

 Anode 

Properties of desired anode materials:  

• -low energetic barriers for transfer into material  

• ii)low energy barriers for diffusion in the material 

• iii) safe performance under higher temperature differences 

One of potential graphene modifications (3D interconnected porous nitrogen-

doped graphene foam (NGF) with encapsulated Ge quantum dot@nitrogen-doped 

graphene yolk–shell nanoarchitecture (Ge-QD@NG/NGF) has shown Over 

800 mA h g−1 at 40C (200 cycles) alongside extended cycling capability with almost 96% 

reversible capacity retention up to 1000 cycles (Rooney et al., 2017) . There are also other 

materials with benefits of long-term cycles and cycling capabilities. Their commercial 

implementation and testing are ongoing project every year with battery recharge rate and 

energy storage being in exponential growth. At the same time producing anode material 

parts from renewable recourses highly lowers lithium usage. 



 

 

Cathode 

The complex nature of the cathode involves several processes and charge pathways, which 

contribute to the cathode's internal resistance as shown in Pic 4 

 

 

 

 

Pic 4.  Cathode surface (Electrochem, 2016)  

 

There is ongoing research of new cathode materials also focuses on modification of 

already-reported cathodes (Noh, 2013) and synthesis of new cathode materials. (Nat. Rev. 

Chem, 2020).  



 

 

Most used cathode material in rechargeable batteries is LCO which has been 

furthermore modified. One of the newest study's authors coated the LCO cathode material 

with Li1.6Mg1.6Sn2.8O8. It served as a protective layer and increased electronic conductivity. 

The coated LCO exhibited better capacity retention than its uncoated counterpart under 

high-rate cycling and retained a capacity of 175 mA h g−1 at 10C.(Wang et al., 2019)  

Another method or modification is called “morphology”. Cathode material is 

morphed with nanowires and nanorods and shows better capabilities compared to the 

conventional nanoparticle cathode structure. (Chen et al., 2017).  

Electrolyte 

For LiBs, liquid organic solvent-based electrolyte is a favourable combination of cost and 

performance properties which is currently used. Rate limiting step in electrolyte 

transportation is cell failure at high currents due to lithium plating (Weiss et al., 2021). 

This can be circumvented by rising the temperature during cell charging or application of a 

porous layer in contact to the electrode with groups exhibiting high Li+ affinity. This will 

result in increase of Li+ within the pores, reducing concentration polarization in the 

electrolyte. (Nat. Energy 2018)  

Recycling of LiB 

Conventional recycling methods used for LiBs may vary from recycling companies' 

technology but can be classified according to pic 5.  



 

 

 

Pic 5.  Scheme of conventional recycling process (Zheng, 2018) 

The batteries are sorted by type, discharging, and dismantling, this process is crucial for 

selection of the recycling method, depending on the composition of given battery 

waste. First LiB is discharged by immersing in alkali metal salts solutions. Then, the 

battery shell is manually dismantled. Sometimes, liquid nitrogen is used for deactivation of 

noxious substances in the spent batteries. In the end battery elements can be safely 

separated and treated by cutting, shredding, crushing, and sieving. The last step is metal 

extraction process. (Zheng et al., 2018). Pyrometallurgy  

Two main recycling processes are pyrometallurgy and hydrometallurgy. With 

most companies using combination of both. Pyrometallurgy is a set of high-temperature 

processes for metal extraction. (Yin et al., 2019). All the lithium present in batteries is lost 

in the slag with other metals (e.g., aluminium and manganese), and cannot be extracted 

with thermal treatment. Pyrometallurgy provides mostly material semi products than 

products for reusing and still needs to be processed before completion of the recycling 

cycle of the spent Libs. Also, the process needs a lot of energy and leaves toxic gases after 

combustion. To minimize drawbacks of this process hydrometallurgy is applied afterwards. 

(Nature, 2019) leaching is a hydrometallurgical process widely used as a highly efficient 

method for metal extraction, and implements mineral acid solutions as leaching agents, 

where most of metals are soluble. (Nature, 2019).  Hydrometallurgical recycling of spent 

LIBs results in components ready to be reused not only as new battery compartments, but 



 

 

also for other applications. (Moskalyk, 2003). It requires much less energy compared to 

pyro and is easy to handle; however, toxic waste may be produced while conducting the 

processes. The drawbacks are toxic waste and the long time required for purification of 

metals. Here are new viable solutions to faster, purer and cost-efficient processes.  

 

Possible new solutions 

Process invented by Recupyl describes approach for the recycling of all types of Li-anode 

batteries. Crushing of used batteries is carried out by adjustable atmospheres for preventing 

explosions and incendiaries and working gasses are applied after for further reactivity 

negotiation of materials. This process isolates residuals of the battery. Process should be 

continuously monitored for sustaining exact formation of gas. In the end a significant 

volume of industrial chemical nonrecyclable waste is created. Hance this process currently 

cannot be used as a base for green LIBs recycling.  

In pic 6 we can see complex process invented by Aalto-University.  

 



 

 

 

Pic 6.  Scheme of recycling Lib (Aalto, 2019)  

 

This is improved pyre-hydro process with usage of metal flow treatment under oxygen-free 

atmosphere. How ether prominent levels of complexity and usage of harsh chemicals set 

barriers for using this approach as sustainable.  

To maintain a sustainable recycling process, we need new materials for 

cathode anode and electrolyte. One of the solutions is biobased materials that currently can 

replace ¼ of the EV fossil-based materials. For example, cellulose and lignin from plant 

biomass, sodium alginate from seaweed, and chitin and chitosan from crustacean shells. 

These are the most common materials and can be applied for recycling routes related to 

lithium power storage.  

 

  



 

 

 

5  LITHIUM IN THERMONUCLEAR FUSION  

 

Lithium as fuel for Deuterium-Tritium reaction. 

From an energy point of view one prominent candidate for sustainable energy development 

in the green future is curbing thermonuclear fusion reaction.   

Current nuclear fusion reactors exploit deuterium-tritium(D-T) because of its 

feasibility. The fuel for this reaction is produced by the irradiation of lithium-6 with 

neutrons. This results in Tritium, a fuel of fusion reactors. (Nakamichi et al., 2020) in pic 8 

Li-6 reactions are shown and Be9 as a multiplier for effective production of fuel.  

 

 

 

 

 

 

Pic 7. Li and Be reactions for Tritium (Nakamichi, 2020) 

 

In reactors lithium based Liquid metal circulates in the reactor and outside the reactor after 

which undergoes processing for the extraction of tritium present in dissolved form. 

This process controls Li-6 and avoids depletion of the fuel in lithium and the requirement 

to replace lithium periodically. Here Li is used as a self-cooling material in blankets rising 

efficacy up to 60% (Enceclopedia of energy, 2004).  

The core and blanket section are shown in pic 8. 



 

 

 

 

 

Pic 8.  Core of TOKOMAK (Mitsuru, 2010)  

 

 

Experiments with thermonuclear fusion are currently ongoing with China's EAST tokamak 

setting a new world record for superheated plasma, sustaining plasma at 70 million degrees 

Celsius for as long as 1,056 seconds (17 minutes, 36 seconds) (EAST, 2021) and The Joint 

European Tours in Oxford, UK reports 59 megajoules produced with nuclear fusion over 

five seconds (Oxford, 2022). World most expensive project ITER is staring experiments 

due to 2025 and this trend is in exponential growth as more countries get interested in the 

curbing of” Sun in the bottle” energy. This indicates a growth in Li usage worldwide, but 

this is not the only application of Li in thermonuclear fusion.  



 

 

Lithium as PFC 

Confinement experiments had started in 1990’s aiming to improve tokamak plasma 

performance with a higher pumping plasma-facing component (PFC)(Hogan, 1997).  A 

very small amount of lithium coating (~ 0.02 gram per second) on the PFCs can result 

fusion power output and the plasma confinement improving by almost two times. On top 

of that increases the plasma pressure profile, which enables high performance H-mode 

operation for tokamak and ST-type reactors with no effect on plasma indicated.(Kugel, 

2010) Because of the low melting temperature of ~ 180°C, lithium can be kept in a liquid 

state which furthermore placed in the pathway of the main heat flux will be evaporated 

from the surface, quickly ionized by the plasma and radiate, reducing the heat flux and 

protecting the substrate material. Application of lithium also can protect the tungsten based 

solid PFC surfaces (ITER) as long as purity/refresh LL can be provided. (Ono, 2012) 

Currently there are ongoing research of open-surface Li divertor in the fusion nuclear 

science facility in US FNSF. Possible sketch of cooling technology is shown in pic 9. 

 

Pic. 9 Divertor segment in FNSF (Smolentsev 2020) 

To regulate lithium flux due to its evaporation as discased earlier new lithium emitters are 

designed to regulate intensity of lithium injection. Possible solution is shown in pic 10  



 

 

 

 

Pic 10. Prototype for lithium emitter (Vertkov, 2021) 

 

Recycling 

The options for recycling tritium breeding materials will be necessary in future use of 

nuclear fusion energy if it wants to become economically and environmentally accepted. 

 Ceramic pebble beds that are used for the generation of tritium will show depleted lithium 

levels and fractures in pebbles, which will cause a deterioration of its properties. Studies 

have indicated that the melt-down process applied for fabricating those blankets can be 

recycled using the same initial process, achieving simultaneously intended lithium levels 

and reforming the pebbles. Current experiments with addition of LiOH in the melt process 



 

 

indicated no negative effect on properties of material after several sequent lithium burnups. 

Hence lithium re-enrichment is suitable for recycling breeder pebbles. (Leys et al., 2016)  

Another method of exposing to deuterium (D) plasma in Magnum-PSI with a wide ion flux 

from 4×1022 to 1.5×1024 m-2s-1 and with a corresponding wide temperature range from 

below Li melting point (180.5 °C) to above Li deuteride (LiD) melting point (~ 690 °C). 

This process resulted in LiD formation on the surface with high emissivity (0.6 ~ 0.9) (Ou, 

2021) After D plasma exposure, either helium or H plasma was utilized to remove the 

retained D in Li and with efficiency up to 96 % above 420 °C. 

 

  



 

 

 

 

6  CONCLUSION 

With new storages of lithium getting addressed and solutions to recovery of lithium from 

seawater are presented and applied, lithium will be able to become a source of renewable 

energy. Huge exponential increase in usage over last decade and even bigger growth in the 

future is a hard challenge to overcome.  

This research focused on lithium sustainability and renewability in its most 

used fields and potential applications. Current applications of lithium are growing and 

demand rising but simultaneously the mechanism of lithium recovery is improving, and 

new storages are found. This indicates sustainability of the element in the near future with 

promising membrane technology pushing limits of sustainability hundreds of years ahead. 

Growth of interest in EV is rising with every year development of existing LiB and 

research's focusing on capability and recharge speed of LiBs improve materials and 

processes moving it forward environmentally friendly solutions.  

Recycling of used LiBs is currently low performed due to excessive cost of 

the process but with higher level of material recovery and raising pressure for sustainable 

materials it will see application in the future.  

As this decade started with new records for controlled thermonuclear 

reaction, demand of lithium will soon rise in this field as a fuel for these reactors. ITER 

opening in 3 years and many other countries rising interest in this energy production 

method raises awareness about sustainability of lithium as core component of reaction and 

cooling derivation. Hence improvement of recycling and near full recovery of materials 

must be achieved. Various melting process research have indicated of such possibility in 

the future Overall lithium demand will not decrease and there are solutions to its 

sustainability and renewability for its demand.   
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