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Introduction

ARoughly40%of the g 2 NJitiuinds sourcedfrom spodumene

AThe Chinesechemical converters all use the sulphation route to
extract lithium and the upfront treatment of the spodumeneis with
pyrometallurgicaprocesses

AThere are a few projects at present looking at commercializing
secondaryithium mineralprojects

AThe clay, zinnwaldite and jadarite project are all looking at
pyrometallurgicaprocesses

AThispresentationwill discusghe designof a spodumenecalcinerand
a zinnwaldite roaster and the steps from concept through to
commercialization
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Spodumene Calcining
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Calcining Spodumene

Ad / I £ O Anythisiapficdtion refers to the processof bringing
about thermal decompositionof solid material in the presenceof
limited supplyof air or oxygenre

Ah -spodumenewhichhasa monoclinicstructureis transformedinto
J -spodumenewhichhasa tetragonalstructure.

ASpodumeneundergoes an irreversible phase transformation at
about 1,000°C This transformation Is accompaniedby a 30%
volume increaseas the specific gravity changesfrom 3.1-3.2 to
about2.4.
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Calcination of Spodumene
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ulphation Flowsheet for Spodumene

Natural Gas _ Natural Gas
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Factors Affecting Calciner Design

AGrade- capacity

ATemperaturec faster kinetics with increasing temperature
AResidence Timeadequate time to be converted
AParticle size& smaller particles convert faster
Almpuritiesc clinker formation
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Eff Particle Size on Transition Time
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Effect of Particle Size on Entrainment

A Thehot off gastypicallyentrainsan amountof dust

A In general the finer the calciner feed the greater is the
entrainment

A Somecalcinershavea scrollon the inlet whichis there to minimize
the entrainment

A Most of the dust entrained is not transformedfrom " to i and
thereforeit tendsto bereturnedto the feedend.

A Heattransferis augmentedby fitting lifters in the feed end aswell
asrefractory brickswhichextenda bit further into the calciner
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Effect of Impurities

Minerals Spodumene A SpodumeneB
Present
Spodumene 77.2 77
Quartz 11.3 2
Albite 3.8 5
K-feldspar 3.1 1
'(\If/luiig‘))‘”te 0.8 8
Phosphates 0.2 1
Iron Minerals 3.6
Amphibolite 6




Effect of Impurities

Mineral Melting Temperature [°C]

Amphibole 800
e e 320G UMENE COnVerSiON
Albite 1,100 Temperature [1,080 °C]
K-Feldspar 1,250
Spodumene 1,420

Quartz 1,670
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Role of Iron in Spodumene Processing

Alronis presentin a numberof mineralsaswell asin spodumendattice.

AWhite spodumenecontains0.02-0.1% Fe,O,, green contains0.3-0.5%
Fe,O; .

Alron containingmineralsassociatedvith spodumenenclude
AMicassuchasMuscoviteand Biotite,

APhosphate minerals such as ambylgonite montebrasite and apatite,
tourmaline,and miningwastesuchasamphibole

ARemovalof iron can be achievedby magnetic,chlorination and acid
washing
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Properties of Spodumene
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Laboratory Pilot Plant Calciner
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Calciner Design

Spodumene
Concentrate
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20-200°C 200-1,000°C  1,000-1,250°C 1,250-800°C

Calcine to cooler




1,500°C

1,000°C / ‘ \
500°C /

Feed

Gas Retention Time

10 seconds

180 minutes
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summary

A Testworkfor a calcineris straightforward to establishthe
time/ temperature relationship to achieve 99%%
conversion

A Spodumene concentrates from different beneficiation
plants have different impurities, size distribution and
gradeandinfluencethe designof the calciner

A The rotary kiln is not the best choice for achievingthe
combineddrying,pre-heating,conversionand cooling
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Roasting Zinnwaldite

ARoasting is a processof heating of concentrated ore to a high
temperaturein presenceof air.

ARoastingconsistsof thermal gas:liquid reactions,which caninclude
oxidation,reduction,chlorination,sulfation,and pyrohydrolysis

ARoastingof zinnwalditeconvertsthe lithium to lithium sulphatewhich
canbe extractedin awater leach

ARoasting technologies include:
A Sodium sulphate roast

AGypsum Roast
AAcid Bake
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- What is Zinnwaldite?
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AZinnwaldite can be consideredto
be part of a solid solution seriesof
the ferrouslithium micas

AThe seriesis characterizedby the
progressivereplacementof Li™t by
Fe2, with an averagereplacement
ratio of 2.0 Li*! for 1.5 Fe™.
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EMH Zinnwaldite Flowsheet
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Theory of Sodium Sulphate Roasting

A The most accepted theory is that of Haas & Khalafalla in which
sodium sulphate acts as a carrier of SOs,.
AThere is no evidence of SO, formation.

A For a gypsum/ sodium sulphate/ lime roast it is proposed that:
CaS0O, A CaO + SO..
Na,SOy + SO; 8 A Na,S,0;
Na,S,0; ¢ + Li,O A Li,SOy + Na,SO,q,
Alt is suggested pyrosulphate forms between 300 i 400°C and
IS molten.
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Properties of Zinnwaldite
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of Sodium Sulphate Calcin

16-13989.raw
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~ Results of the XRD Analysis

A The fluoride is bound typically as calcium fluoride and
cryolite.

A The iron is bound as hematite or with calcium.

A There is excess calcium.

A Lithium is converted to soluble lithium sulphate compounds.
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B Cement Technology for Clinker Production
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Cement Industry
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Current Roaster Design

AThe current design temperature for the roast is 850°C w
extremelycloseto the temperature at which the calcinewou
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and therefore a standardrotary kiln astypicallyusedfor spodumene
calcinationis not suitable Insteada device/sis required that will

better preventthe overheatingof the calcine

AThe options being explored with Hatch are:
AA preheat tower with and indirectly fired rotary kiln, and
AA preheat tower with a fluidized bed calciner.
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summary

A For the Cinovec Zinnwaldite European Metals Holdings
Project a sodium sulphate roast has been selected.

A The advantage of the process is that sodium sulphate is
recycled as the main reagent for the roast.

A The roast temperature of 85Q is very close to the melting
temperature and a direct fired traditional rotary kiln is not
suitable.

A Most likely roasting configuration is a pheat tower with
either a rotary of fluidized bed kiln.




