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Litio: herodi ou vilao?

Um breve olhar

Lithium
6.94

Professor Paulo Abreu 3.° Ciclo do Ensino Basico
(Fisica e Quimica, ESA) Ensino Secundario
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1. Elemento Litio

« Metal alcalino (grupo 1 da T.P.)

* Mais leve de todos os metais sélidos .
Propriedades

_ _ _ Numero atémico 3
« Metal macio, que oxida facilmente em contato com o ar
Massa atdmica 6,941
. Reage de forma intensa com a &gua, produzindo FOD 63 e 180,5°C (453,65 K)
solucdes alcalinas/basicas Ponto de ebuli¢do 1342 °C (1615,15 K)
Densidade relativa 0,534 a 20°C
 N&ao ocorre livre na natureza ) L
Numero de oxidacao +1
. . , . ictrihiiics 2 1
Foi produzido na altura do Big Bang e é produzido nas  Distribuicao 1s® 2s

estrelas eletrdnica


https://ptable.com/#Propriedades

1. Elemento Litio

Breve Historia

José Bonifacio de Johan August Jons Jakob Johan August W.T. Brande R. Bunsen
Andrade e Silva Arfwedson Berzelius Arfwedson Sir Humphry Davy A. Matthiessen
1800 1818 1818
Petalita Estudo do Yithion/lithina” Espudomeno Eletrolise do Eletrélise do
(LiAISi, 0;,) mineral petalita (a partir do Lepidolite hidroxido de litio cloreto de litio

grego “lithos”)




1. Elemento Litio

Breve Historia

Metallgesellschaft AG John Cade Guerra Fria i (e
1945
1991
Producao Litio em medicamentos  Litio-6 e Litio-7 Producao a partir Baterias de iGes Escandalo da
industrial de tratamento de na produgdo de  daagua de lagos de litio concessdo de
transtorno bipolar tritio salgados Iexploragoes de
3 “ - itio

“

N\ -\. 2
\ INVOLUCRO
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i
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/ Hy 2 4
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2. Importancia Industrial
A
{

Uses of Lithium in 2016 \ \/ /7
A\ \

Polymer 1% Primary 0% 2%
battery

Greases

Rechargeable

battery

Total demand
~197,000 tonnes
Lithium Carbonate
Equivalent

Expected total
demand

~1,008,000 tonnes
Lithium Carbonate
Equivalent

Rechargeable
battery
86%

https://www.researchgate.net/figure/Uses-of-Lithium-in-2016-and-previewed-in-2026-Retrieved-from-Lithium-2018-p-11_fig7 330684297



3. Onde e qguanto?

Reservas Mundiais de Litio - 2022

1.1% ‘,.->0_i?%_0.3% = Chile

3.8%

’ e \ = Argentina
China
= EUA

= Zimbabue

m Brasil

Reservas mundiais: cerca de 98 milhdes de toneladas (USGS, 2023) m Portugal

https://www.sgb.gov.br/litio/nomundo.html




3. Onde e quanto?

Posicao Pais Producao em 2021 (toneladas) % do Total
1 Australia 55.416 52%
2 Chile 26.000 25%
3 China 14.000 13%
4 Argentina 5.967 6%
5 Brasil 1.500 1%
6 Zimbabueé 1.200 1%
7 Portugal 200 1%
8 Estados Unidos 900 1%

Resto do mundo 102 0,1%

Total 105.984 100%

Fonte: BP Statistical Review of wWorld Energy



4. Extracao e purificacao

« A extracdo comercial do litio assenta em dois grandes processos

« Evaporacado de aguas salgadas
* “Lithium Fields” na mina Salar de Atacama, Sul do Chile

https://www.euronews.com/green/2022/02/01/south-america-s-lithium-fields-reveal-the-dark-side-of-our-electric-future



4. Extracao e purificacao

« A extracdo comercial do litio assenta em dois grandes processos

* Minas a ceu aberto
* Maior mina do mundo: Greenbushes Mine (Australia)

https://www.greencarcongress.com/2020/12/20201212-igo.html




4. Extracao e purificacao

l

1,615 ] Lithium chloride (LICl)
. 008 [ o
. Brine y {4 Lithium hydroxide (LiIOH)
108,100 tonnes of Li compounds _
20,690 tonnes of Li [
18,067 < Lithium carbonate (Li,CO;)

l

Spodumene {Li,0-Al,0.-45i0,)

Lithium

s

609,800 tonnes of Li compounds
¢ 12,500 - =
AR sovnes ol 1A : Mix of minerals:

. 1,290 | spodumene {Li,O-Al, 05°45iC,)
: 1 Pegmatites IR : _
$01,700 tonnes of Li compounds lepidolite [KLi:Al{AlSi)s0F.OH,)
14,110 tonnes of Li petalite (LiAISI,O )

320 e
1 Lithium concentrate

Talens Peird, L., Villalba Méndez, G. & Ayres, R.U. Lithium: Sources, Production, Uses, and Recovery Outlook. JOM 65, 986—996 (2013).
https://doi.org/10.1007/s11837-013-0666-4
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4. Extracao e purificacao X
e
Aguas salgadas <

Baixo teor de litio Cercade 0,5 %

Maior obstaculo

Carbonato de sédio + 6xido de
calcio

Teor de magnésio

Custo

1,8 t de Na,CO, [12,20; 18,80] GJ m™




4. Extracao e purificacao

Minérios tipo
Baixo teor de litio 1a8%

e S

Table 1. Material and energy inputs for the
production of 1 tonne of hthium carbonate from
Spodumene®

Materials Amount Units
Spodumene (Li,0-ALO.-4510,) 1.34 tonnes
Sulfurie acid (H.50,) 0.48 tonnes
Soda ash (Na,COy) 0.52 tonnes
Water (H,O) 24.00 tonnes
Utilities

Natural gas 1.66 G
Electricity® 1.01 Gd

*Electricity is given based on the mix in the European Union

Talens Peird, L., Villalba Méndez, G. & Ayres, R.U. Lithium: Sources, Production, Uses, and Recovery Outlook. JOM 65, 986—996 (2013).
https://doi.org/10.1007/s11837-013-0666-4



5. Reciclagem

Cylindrical Prismatic Pouch
Tesla modsl S 85 Mk1 kKWh battery pack BMW i3 MkK1 22-KWh battery pack Missan Leaf Mk1 22-kWh battery pack
Panasonic Samsung/SDI AESC
3552V 360\
530 kg 235 kg 294 kg

Pack

16 modules per pack

25 kg 24.5 kg 3.8 kg

T

Module pred
225 mm__sh. 303 mm
: B
444 cells per module 12 cells per module 4 cells per module
@18 mm — -—
B T 123 mm
B5 mm
Cell - -
i s
45 %"‘i‘f

i g 36V  NCA cathode 37V NMC cathode 375V LMO/NMC cathode
e 48.5g  Graphite anode 2 kg Graphite anode oi4g Graphite anode

k. -

Harper, G., Sommerville, R., Kendrick, E. et al. Recycling lithium-ion batteries from electric vehicles. Nature 575, 75-86 (2019). https://doi.org/10.1038/s41586-019-1682-5



https://doi.org/10.1038/s41586-019-1682-5

5. Reciclagem

Pack remowval

Recovered components
= Bus bars

= Electronics

= Wiring looms

= Modules = Cells

= Cither components

= Casings
= Terminals
= Cells

Recovered materials

{depending on cell chemistry
and recycling process)

= Cobalt = Manganess

= Mickel = Aluminiuem

= | rthiumn = Plastics

= Graphite

Cell

Disassembly problems

» Vanety of vehicle shapes and sizes

« Different pack configurations and locations
» Different fixings and tooling required

» Bolts and fixings may be rusted
= Heads of fixings may be rounded or sheared

Moduls

= Position of bolt heads not always fixed
» V=hicle bodywork may be distorted

= Yehicle may be crash damaged

= Weight of battery

= Hemoval of wiring looms tricky

« Manipulation of connectors {especially where locking tabs fitted)

» High vaoltages until winng loom/module links removed

= | ack of data on module condition in many electric-vehicle batteries
» Lack of labeling and identifying marks

» Potential fire hazards

» Potential offgassing of HF

» Sealants may be used in module manufacturs (difficult to remove)

= Cells stuck together in modules with adhesives (difficult to separate)
» Components may be soldered together (difficult to separate)

» Modulz state of charge may not be known

» Clean separation of anodes and cathode for direct recycling difficult
= Vary finely powderad materials present risks (nanoparticles)
= Potential for HF compounds formead from electrolyie

[ = Potential for thermal effects if cells shorted dur'[_ng dizassembly

+ Chemistnes not always known or may be proprietary
= Additional challenges with cylindrical cells (unwinding spiral)

Harper, G., Sommerville, R., Kendrick, E. et al. Recycling lithium-ion batteries from electric vehicles. Nature 575, 75-86 (2019). https://doi.org/10.1038/s41586-019-1682-5
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5. Reciclagem

—= Aldkuser (Finland) —= Duesenfeld (Germany) Batiorn
——» Recupyl (France) Retriev (USA) =rEs
— Umicore (Belgm) |
_ l v !
Water spray or Eiae T
Opening immersion ; %m . “.d_:*-;'ﬁ-. e ~
comminution FIRnEKh Aon comminution
L - . ¥
Physical Staal, S .
o Size - Second
separation piastics, Separsiion | Vacuum drying S Plastics
Dy thermal Fods,
] a s,
Eroth flot Dy thiermal
o processing L A
Li = Anode arid Sisal
Caihods Foiks
w . _I 3
. — Third-party
Anode Cathods Li recoveny P ;
v Y
Material recovery Hydr:ml Etanl- Emecal .. ::;_?; <+ Pyrometaliurgy

Aldlow
Harper, G., Sommerville, R., Kendrick, E. et al. Recycling lithium-ion batteries from electric vehicles. Nature 575, 75-86 (2019). https://doi.org/10.1038/s41586-019-1682-5
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5. Reciclagem

Comparison of different LiB recycling methods  Best - - Worst

Quality of Quantity of

Technology recoverad recovered Waste
readiness Complexity material material generation Energy usage  Capital cost  Production cost
Pyrometallurgy
Hydrometallurgy
Direct recycling
Presorting of Cathode Material
batteries morphology  suitable for Cobalt Nickel Copper Manganese Aluminium Lithium
required preserved direct re-use recovered recovered recovered recovered recovered recovered

Pyrometallurgy No No No
No No

Hydrometallurgy

Direct recycling

Harper, G., Sommerville, R., Kendrick, E. et al. Recycling lithium-ion batteries from electric vehicles. Nature 575, 75-86 (2019). https://doi.org/10.1038/s41586-019-1682-5
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6. O Futuro

Reservas mundiais: cerca de 98 milhdes de toneladas (USGS, 2023)
e cerca de 100 anos aos niveis atuais de consumo

Avancos na reciclagem: aposta declarada na reciclagem direta (mais virada para a
recuperacao quase total das matérias primas das baterias)

* Maiores custos energéticos, mas reducao da pressao ambiental
Preocupacao com a substituicao do litio em certas aplicagcdes industriais
* Maior uso do calcio, magnésio, mercurio, zinco, aluminio, sodio e potassio
Reaproveitamento das primeiras geracoes de baterias de grande capacidade
* Questao da degradacao e acumulacao de materiais contaminantes

Limite das exploragcdes mineiras




6. O Futuro

e S3o fixas e conhecidas
e Extracao e purificacao complicadas e caras
JEHSAERS e Reciclagem complicada e cara

e Subida exponencial da procura mundial
e Incerteza nas cadeias de distribuicao

e Reducao das aplicacoes do litio
e Novas arquiteturas de baterias (novos materiais)

Alternativas




6. O Futuro

What's
after Lithium?
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