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Introduction — Lithium industry in Brazil

e The lithium industrialization in Brazil started
in the 1970’s, by using petalite, leipolite and
spodumene in the ceramic industry;

¢ 1970’s — Nuclemon (Goverment company) started the production of
lithium salts from ambligonite ore (120 t/year); the imports were
around 250 t/year.

e 1980’s — Domestic production: 30 t/year X Imports: 500 t/year;
e ore supply (low quality and regularity)
e environmental problems (downtown, Sao Paulo)
e 1987 — Nuclemon operation was over

e 1990’s - CBL was stablished
e raw material availability (spodumene)
e growing market

e 1,000 t/year capaci
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Brazilian Market - Domestic Production
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Source: DNPM, 2000-2010 (Brazil)
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World Scenario: Bid

Production (2010) ~110,000 t LCE

FMC 17%

Mean producers Country Resources Deposit Products
Chemetall Chile /USA Brines Atacama Salar/Nevada Li>COs/LiOH
FMC Lithium Argentina Brines Hombre Muerto Salar Li>CO3/LiOH
SQM Chile Brines Atacama Salar Li,COs/LiOH
Chinese companies China Brines/Minerals Diverses Li>CO5/LiOH
Talison Minerals Australia Minerals Greenbushes Concentrates
DEMAND
LCE (103t) Source
2010 105115 Metal Bulletin
2020 290/380 Metal Bulletin
2020 187 SignumBOX
2020 249 TRU Group
2020 283 Byron Capital Markets

Source: Ind. Minerals, apr 2011
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Lithium World Reserves (t Li)
(Brines & Minerals)

World Reserves (t Li)

2006 2007 2008 2009 2010

USA 38,000 38,000 38,000 38,000 38,000
Argentina 800,000 850,000
Australia 160,000 160,000 170,000 580,000 580,000

Chile 3,000,000 3,000,000 3,000,000 /7,500,000 7,500,000

Bolivia 22222

Total 4,131,000 4,131,000 4,141,000 9,709,000 12,565,000

???? = the same as the world reserve (~12,5 Mt)

Source: USGS, MCS, 2007/2011
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World scenario: Prices & Production Costs
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World scenario: Prices & Production Costs

v'Lithium carbonate (price): 5.0-5.3 US$/kg
v'Spodumene concentrate (>7.25% Li,0): 720-770 US$/t
v'Spodumene — glass grade (5% Li,O): 460-510 US$/t
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v' Minerals:

v Low contaminant grade: Mg, Cl;, SO,*
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Production & Technologies
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Acidic Process Spodumene/Lithium carbonate

v'Lithium carbonate (1 t):

9 t ore (5.4% Li,0);
2t H,S0,;

0.1 t Ca(OH),;

0.8 t Na,CO;.

il

v Lithium hidroxide (1 t): = —
0.9 t Li,COs; SO Ei
1.1 t Ca(OH),.

Chemical Reactions:
Li,O.Al,0,.4Si0, + H,SO, = H,0.Al,0,.4Si0, + Li,SO,

Li,SO, + Na,CO; = Li,CO, (soluble) T Na,S0, (unsoluble) CETEM



Acidic Process — Spodumene/Lithium carbonate

spodumene
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Jiangsu Lithium carbonate plant (Galaxy & China)
17,000 t/y Li,CO5 battery grade

Spodumene
6%Li,0; 5%H,0
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source: www.galaxyresources.com.au CETEM



Lithium Hidroxide Production
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Alkalaine Process — Spodumene/Lithium carbonate

Spodumene
concentrate
o/ 1
(6% Li,0) lime
Wet grinding > Mixing D— Wet grinding
Pulp (65% solids) | 1
Calcinatiqn 8500C Evaporation
Pre-leaching Centrifugation
2nd Wet grinding Drying
Classification LiOH.H,0
v Chemical Reactions:
Leaching _ _ _ _
Li,O.Al,05.4Si0, + 8Ca0 = Li,0.Al,05 + 4(2Ca0.Si0,)
Waste « Thickening Ca0 + H,0 = Ca(OH),
Underflow . :
Li,O.Al,O5 + Ca(OH), = 2LiOH + Ca0.Al,O,
Overflow
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Lithium network

Natural resources | Li,CO; | Basic Prod. | Performance : Speciality
| | |
| | | :
' Frits I s I |
: Glasses : ases : I
Aluminum : |
Glasses | pBatteries | lerzalrlie I
Frits I Air conditioner | I speciality I
' Chemicals ! I :
I Adhesives ! | Lithium | ! !
' Ao —® hidroxide | ! |
; 'l uoH ! |
| | | | o
Minerals . . ! ingots/metal foil 1 Non.rechargeable batteries
; ' > AllLi alloys
: \ : | Rechargeable batteries
e || |
' C'Ior'i‘ér(‘; _:> Metalic | | Buti Polimers
, Licl | lithium lithium ; Pharmaceutic Drugs
| | 1
Brines I I :
| | | v
I I I :
' I I Organic Polimers
. . Alloys g _
' ' I Y speciality + Pharmaceutic Drugs
| | | 1
| | 1

| Gas separation
Dehumidification
Fluxing agent

@® CE/EM

Souce: Mining Eng. Department, Chile University




Consideratons for the Brazilian and World
Markets

v’ Brazil has plenty lithium reserves;
v The international market is under Government protection;

v Therefore, the use of lithium concentrates is being motivated in
different industry sectors:

v'Brazil is the 3" ceramic world producer and the 2" world
consumer;

v’ Brazilian glass industry represents 3% of the world production;

v’ Brazil is the 4t automobile world producer — EV & HEV are
comming soon!

v’ Brazil is part of the BRIC "s group.



Thank you!




