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Application Fields of LithiumApplication Fields of Lithium
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Recovery of Lithium from SeawaterRecovery of Lithium from Seawater

Since the concentration of lithium ion in seawater is Since the concentration of lithium ion in seawater is 
quite low (quite low (0.10.1--0.2ppm0.2ppm) as well as that of sodium ion ) as well as that of sodium ion 
is extremely high (is extremely high (10,800ppm10,800ppm), selective recovery ), selective recovery 
method of lithium ion should be developed.method of lithium ion should be developed.

Ion exchange recovery method using MnOIon exchange recovery method using MnO2 2 type type 
adsorbent having spinel structure (adsorbent having spinel structure (λλ--MnOMnO22))

This adsorbent can be synthesized from lithium manganese oxide This adsorbent can be synthesized from lithium manganese oxide 
(Li(LixxMnMnyyOO44) using ion exchange of Li) using ion exchange of Li++by Hby H++..

Mines and Salt Lakes                     Mines and Salt Lakes                     14,000,000 tons14,000,000 tons

Seawater Seawater 230,000,000,000 tons230,000,000,000 tons



Economical Potential of Lithium Recovery Economical Potential of Lithium Recovery 
from Seawaterfrom Seawater
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Angstrom pore 
Having Li+ size
Angstrom pore Angstrom pore 
Having LiHaving Li++ sizesize
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Adsorbent Having High SelectivityAdsorbent Having High Selectivity for Lithium Ionfor Lithium Ion
Spinel Type LiSpinel Type LixxMnMn22OO44



Synthesis of LiSynthesis of LixxMnMnyyOO4 4 and and λλ--MnOMnO22

Mn3O4MnMn33OO44 LiOH・H2OLiOHLiOH・・HH22OO++

Molar ratio Li : Mn =Molar ratio Li : Mn = 1:2 or 1.5:21:2 or 1.5:2

Mixing & Grinding (15min)Mixing & Grinding (15min)

Pre-sinteringPrePre--sinteringsintering 425425ooC, 5hC, 5h

Mixing & Grinding (15min)Mixing & Grinding (15min)

Main-sinteringMainMain--sinteringsintering

SlowSlow--cooling in electric oven for 12hcooling in electric oven for 12h

LixMn2O4LiLixxMnMn22OO44

500500ooC, 5hC, 5h

Acid treatment by 1M HClAcid treatment by 1M HClAcid treatment by 1M HCl

λ-MnO2λλ--MnOMnO22

To keep the crystal structure,To keep the crystal structure,
stirring in acid solution of stirring in acid solution of 
molar ratiomolar ratio [Li[Li++] : [H] : [H++] = 1 : 40] = 1 : 40
for overnight (Several times for overnight (Several times 
repeating)repeating)

IonIon--recognizable recognizable 
adsorbent of Liadsorbent of Li++

SlowSlow--cooling at room temp. for 1.5hcooling at room temp. for 1.5h



pH Dependency of Lithium AdsorptionpH Dependency of Lithium Adsorption

Batchwise Adsorption ExperimentBatchwise Adsorption Experiment
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pHpH

Metal conc.: Li (5mM) + Na (5mM)Metal conc.: Li (5mM) + Na (5mM)

Adsorbent wt.: 0.02gAdsorbent wt.: 0.02g

Aq. Soln.: 0.1MAq. Soln.: 0.1M--NHNH44OHOH--NHNH44Cl buffer, 10mLCl buffer, 10mL

Initial pH: 6.0 Initial pH: 6.0 -- 9.09.0

Time: 5hTime: 5h

Temp.: 303KTemp.: 303K

Measurement: AASMeasurement: AAS

High adsorption ability of High adsorption ability of 
LiLi++ at pH of seawaterat pH of seawater



Influence of Metal Ions on Lithium AdsorptionInfluence of Metal Ions on Lithium Adsorption
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Metal conc.: Li (5mM) + M (5mM~4M) Metal conc.: Li (5mM) + M (5mM~4M) 

Adsorbent wt.: 0.02gAdsorbent wt.: 0.02g
Aq. soln.: pH 8.1 Aq. soln.: pH 8.1 

(0.1M(0.1M--NHNH44OHOH--NHNH44Cl buffer, 10mL)Cl buffer, 10mL)

Time; 5hTime; 5h

Temp.; 303KTemp.; 303K

Measurement: AASMeasurement: AAS

No Influence on lithium No Influence on lithium 
adsorption more than adsorption more than 
[M] / [Li] = 800[M] / [Li] = 800

Batchwise Adsorption ExperimentBatchwise Adsorption Experiment



Granulation of Adsorbent for Column PackingGranulation of Adsorbent for Column Packing
LiCl 0.25g + Chitin 0.05gLiCl 0.25g + Chitin 0.05g

in Nin N--methyl 2methyl 2--pyrrolidinone 5mlpyrrolidinone 5ml

++λλ--MnOMnO2 2 5g under stirring5g under stirring

+ 2+ 2--propanol propanol 

PrecipitationPrecipitation

vacuum filtration, rinse with vacuum filtration, rinse with 
deionized water, dry at 60deionized water, dry at 60ooCC

1wt.%Chitin1wt.%Chitin--granulated adsorbentgranulated adsorbent

SEM image of SEM image of 
granulated granulated 
adsorbentadsorbent

(x60)(x60)

Photograph of Photograph of 
granulated and granulated and 

powder powder 
adsorbents adsorbents 



Column Apparatus for Lab Scale ExperimentColumn Apparatus for Lab Scale Experiment

Bed volume (B.V.)
Flow rate [cm3/min]

Adsorbent volume [cm3]
Supplying time [min]

Micro tube pumpMicro tube pump

Feed solutionFeed solution Adsorption ColumnAdsorption Column

Fraction collectorFraction collector CottonCotton

AdsorbentAdsorbent

Micro tube pumpMicro tube pump

Feed solutionFeed solution Adsorption ColumnAdsorption Column

Fraction collectorFraction collector Cotton

Adsorbent
Glass beads 



Column Separation of Lithium from SeawaterColumn Separation of Lithium from Seawater

Aq. Soln.: Artificial seawater (pH=8.1), Adsorbent wt.: 3Aq. Soln.: Artificial seawater (pH=8.1), Adsorbent wt.: 3..0g, 0g, 
Flow rate: 0.Flow rate: 0.3333cmcm33/min, Elutant: 1.0 mol/L HCl/min, Elutant: 1.0 mol/L HCl
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Benchmark Plant of Lithium Recovery from Benchmark Plant of Lithium Recovery from 
Seawater in IOESSeawater in IOES

SeawaterSeawater

Desalination Desalination pplantlant

Evaporation Evaporation 
CrystallizerCrystallizer

Precipitated Solid Precipitated Solid 
Containing LithiumContaining Lithium

Pre filterPre filter

PP

HCl HCl 
solutionsolution

Adsorption columns for Adsorption columns for 
Li recovery with Li recovery with λλ--MnOMnO22

PP

LiCl solution eluted by HClLiCl solution eluted by HCl
Performance of EquipmentPerformance of Equipment

Adsorbent weight: 60 kg Adsorbent weight: 60 kg 

Adsorbent volume: 0.6 mAdsorbent volume: 0.6 m3 3 

Eluting aq. soln.Eluting aq. soln.：： 0.8 M HCl0.8 M HCl

Flow rate of seawater supplyFlow rate of seawater supply：： 200 L/h200 L/h



Benchmark Plant of Lithium Recovery from Benchmark Plant of Lithium Recovery from 
Seawater in IOESSeawater in IOES

Performance of EquipmentPerformance of Equipment

Adsorbent weight: 60kg x 2 columnsAdsorbent weight: 60kg x 2 columns

Adsorbent volume: 0.6mAdsorbent volume: 0.6m3 3 x 2 columnsx 2 columns

Eluting aq. soln.Eluting aq. soln.：： 11--0.2M HCl0.2M HCl

Flow rate of seawater supplyFlow rate of seawater supply：： 200L/h200L/h



Adsorption ColumnAdsorption Column Evaporation CrystallizerEvaporation Crystallizer

Benchmark Plant of Lithium Recovery from Benchmark Plant of Lithium Recovery from 
Seawater in IOESSeawater in IOES



Breakthrough Curve of Lithium Using Benchmark Plant Breakthrough Curve of Lithium Using Benchmark Plant 
for for 150 Days150 Days Operation (Operation (20020044/12/21/12/21～～2005/7/13)2005/7/13)
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Evaporated Salt Obtained from Evaporated Salt Obtained from 150 Days150 Days OperationOperation

Dried Dried 
precipitateprecipitate
791g791g



0.040.0450.050.02.02.0SrClSrCl22

n.qn.q. . －－19.419.4MnClMnCl22

3.263.264.114.1113.413.4CaClCaCl22

14.314.30.570.578.28.2MgClMgCl22

3.53.50.940.943.33.3KClKCl
78.178.10.260.2620.420.4NaClNaCl

0.0030.00311,00011,00033.333.3LiClLiCl

Content in Content in 
seawater seawater [wt%][wt%]

Concentration Concentration 
ratio ratio [%][%]

ContentContent
[wt%][wt%]ElementElement

TheThe Components of the Precipitate Salt Components of the Precipitate Salt 
Obtained fromObtained from 150 Days150 Days OperationOperation



Performance of Lithium Recovery from SeawaterPerformance of Lithium Recovery from Seawater
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1 cycle of adsorption stage would be required to 10 % of 1 cycle of adsorption stage would be required to 10 % of 
breakthrough of Libreakthrough of Li++ concentration:concentration:

LiLi++ Adsorption stage : 80 mAdsorption stage : 80 m3 3 (400 h)(400 h)
washing stage : 1 mwashing stage : 1 m33 (5 h)(5 h)
Elution stage : 0.6 mElution stage : 0.6 m33 (3 h)(3 h)
Adsorbent  washing stage : 1 mAdsorbent  washing stage : 1 m33 (5 h)(5 h)

1 cycle of full operation = 413 h 1 cycle of full operation = 413 h 
(18 days) (18 days) 
20 cycles of full operation / year20 cycles of full operation / year
5 kg of LiCl5 kg of LiCl



8080385385kWh/gkWh/g--LiLiEnergyEnergy
requirementsrequirements

34,10013,300mm33Water consumedWater consumed
34,100165,400kWhkWhEnergy consumedEnergy consumed
5,300450450g/yearg/yearAdsorbed LiAdsorbed Li

Proposed Proposed 
casecase

PresentPresent
casecase

UnitUnit

Economical Analysis of Lithium RecoveryEconomical Analysis of Lithium Recovery

Analysis software: PowersimAnalysis software: Powersim

Energy requirement can be reduced to 1/5.



Multiple Utilization of Ocean Energy and ResourcesMultiple Utilization of Ocean Energy and Resources

Deep Ocean Water(DOW)Deep Ocean Water(DOW)

Surface WaterSurface Water
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DOWDOW IceIce

FoodsFoods

Mineral WaterMineral Water

Cool GreenCool Green
House PlantHouse Plant
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Ocean Thermal Energy Conversion (OTEC)Ocean Thermal Energy Conversion (OTEC)



Multiple Utilization of Ocean Energy and ResourcesMultiple Utilization of Ocean Energy and Resources




