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Application Fields of Lithium
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Recovery of Lithium from Seawater

Since the concentration of lithium ion in seawater is
quite low (0.1-0.2ppm) as well as that of sodium ion
Is extremely high (10,800ppm), selective recovery
method of lithium ion should be developed.

—

L]
Mines and Salt Lakes ==l 14 000,000 tons

Seawater ———————lp 230 000,000,000 tons

v

lon exchange recovery method using MnO, type
adsorbent having spinel structure (A-MnQO,)

This adsorbent can be synthesized from lithium manganese oxide
(Li,Mn,O,) using ion exchange of Li*by H*.



Economical Potential of Lithium Recovery
from Seawater
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Adsorbent Having High Selectivity for Lithium lon
Spinel Type LIL,Mn,0O,

Ca?*

(1.06A) \

Angstrom pore
Having Li* size

lon Size Memorized Adsorbent
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Synthesis of Li,Mn, O, and A-MnO,

Mn;O, + | LiOH-H,0
Molar ratio Li: Mn = 1:2 or 1.5:2 Acid treatment by 1M HCI

Mixing & Grinding (15min) ——

—
425°C, 5h

To keep the crystal structure,
Slow-cooling at room temp. for 1.5h

stirring in acid| solution of
molar ratio [LLi*] ;| [H*] = 1 : 40
for overnight (Several times

repeating) v

lon-recognizable
adsorbent of Li*

Mixing & Grinding (15min)

500°C, 5h

cC————

Slow-cooling in|electric oven for 12h

Li,Mn,O,
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pH Dependency of Lithium Adsorption

Batchwise Adsorption Experiment 25 ]
_—
Metal conc.: Li (5mM) + Na (5mM) 2.0} L1, sMN,0,
Adsorbent wt.: 0.02g ¢ I-'1ano4
Ag. Soln.: 0.1M-NH,OH-NH,CI buffer, 10mL Fc|5> 15 |
Initial pH: 6.0 - 9.0 TED
Time: 5h =
Temp.: 303K : 1.0
o
Measurement: AAS
pHiof
9.5 Seawater
High adsorption ability of
O ..............................

Li* at pH of seawater 3 A 5 6 7 é 9
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Influence of Metal lons on Lithium Adsorption

Batchwise Adsorption Experiment 2.3
Metal conc.: Li (5mM) + M (5mM~4M) 20 k i
Adsorbent wt.: 0.02g
Ag. soln.: pH 8.1 —
(0.1M-NH,OH-NH,Cl buffer, 10mL) ©

Time; 5h c g A ™
Temp.; 303K E ". O n
Measurement: AAS = 10 F N

® Nat

v Mg2+

05 = JAN Ca2+ -

No Influence on lithium . K
adsorption more than 00 k : : : :
[M] / [Li] = 800 0 200 400 600 800

[M] 7 [Li]
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Granulation of Adsorbent for Column Packing

LiCl 0.25g + Chitin 0.05g
In N-methyl 2-pyrrolidinone 5mi

‘_7 SEM image of
granulated
irri dsorb
+A-MnO, 5g under stirring a (S)?éo)ent
‘_7
+ 2-propanol
‘_7

Photograph of
granulated and
powder
adsorbents

vacuum filtration, rinse with
deionized water, dry at 60°C
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Column Apparatus for Lab Scale Experiment

Fraction collector _— Cotton

— — Adsorbent

Micro tube pump

Feed solution Adsorption Column

Flow rate [cm3/min]
Bed volume (B.V.) = X  Supplying time [min]

Adsorbent volume [cm3]



Metal lon Concentration [ppm]
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Column Separation of Lithium from Seawater
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Breakthrough
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Elution

) 0 Mn

Ad. Soln.: Artificial seawater (pH=8.1), Adsorbent wt.: 3.0g,
Flow rate: 0.33cm3/min, Elutant: 1.0 mol/L HCI
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Benchmark Plant of Lithium Recovery from
Seawater in IOES

Performance of Equipment

Adsorbent weight: 60 kg
Adsorbent volume: 0.6 m3
Eluting aq. soin.: 0.8 M HCI

Flow rate of seawater supply: 200 L/h

N

Desalination plant
ﬂ /—\

HCI
solution
Adsorption columns for
Li recovery with A-MnO, —

LiCl solution eluted by HCI I

Pre filter ﬁ/‘
vaporation|

Crystallizer

/
I Precipitated Solid
Seawater Containing Lithium
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Benchmark Plant of Lithium Recovery from
Seawater in IOES

Performance of Equipment

Adsorbent weight: 60kg x 2 columns
Adsorbent volume: 0.6m3x 2 columns
Eluting aq. soln.: 1-0.2M HCI

Flow rate of seawater supply: 200L/h
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Benchmark Plant of Lithium Recovery from
Seawater in IOES

Adsorption Column Evaporation Crystallizer
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Breakthrough Curve of Lithium Using Benchmark Plant

for 150 Days Operation (2004/12/21~2005/7/13)
0.16 e _

0.14}

0.12}
0.10}
0.08}
0.06 |

0.04}

Lithium Concentration [ppm]

0.02}

0 I
O 100 200 300 400 500 o600 700 800
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Evaporated Salt Obtained from 150 Days Operation

Dried
precipitate
7919




The Components of the Precipitate Salt
Obtained from 150 Days Operation
clment | Coent | Concertaton|_ Conent
- Lcl | 333 | 11,000 | 0003
NaCl 20.4 0.26 78.1
KCI 3.3 0.94 3.5
MgCl, 8.2 0.57 14.3
CacCl, 13.4 4.11 3.26
MnCl, 19.4 =T n.q
SrCl, 2.0 50.0 0.04
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Performance of Lithium Recovery from Seawater

1 cycle of adsorption stage would be required to 10 % of
breakthrough of Li* concentration:

0.16

T 0.4}

Li* Adsorption stage : 80 m3 (400 h)
washing stage : 1 m3 (5 h)

Elution stage : 0.6 m3 (3 h)
Adsorbent washing stage : 1 m3 (5 h)

0.12f

o
=
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0.06 |

m Concentration [pp
o
o
oo

2 004}

3 002 g

1 cycle of full operation = 413 h 0 !

0O 100 200 300 400 500 600 700 800

(1 8 d ayS) Flow Volume of Seawater [m?3]

20 cycles of full operation / year
5 kg of LICl
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Economical Analysis of Lithium Recovery
Analysis software: Powersim
Unit Present | Proposed
case case

Adsorbed LI g/year 450 5,300
Energy consumed KWh 165,400 | 34,100
Water consumed m3 13,300 | 34,100
Energy .

requirements kWhig-L| 385 80

Energy requirement can be reduced to 1/5.
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Multiple Utilization of Ocean Energy and Resources

Hydrogen

/

Power Supply
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Electricity

Potable Water Winierel Weiiar
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Fresh Water

A

l Desalination ll

Surface W. Deep Ocean Water

w "

Ocean Thermal Energy Conversion (OTEC)

Reuse of DOW

Surfiace \Water

DOW Ice
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—__ Local Area
Chilling System

\ Cool Green

House Plant

Agquaculture
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Cool Green House
for Fruits and/or Vegitables

Port for Ocean Mineral Water Exporting
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