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Solvent Extraction of Lithium Ion from Aqueous
Solutions Using TTA and TOPO

Jeon Kyu Lee

Department of Chemical engineering, The Graduate School,

Pukyong National University

Abstract

Lithium, rare metal, specified by new strategy mineral is recently
used by laptops, cell phones and secondary batteries for electric
cars. So demand of lithium is rapidly increasing and the price of
lithium carbonate is increasing every year. Because of the lack of
volume, a -domestic battery industry has become a serious crisis.
According to depletion—of onshore mineral nesources, interest is

growing in recovery of-existing trace metals in seawater.

In this study, as a way to recover trace metals from agqueous
solution, I studied on the solvent extraction. It is important ways
to separate and refine substances including organic and inorganic
compounds. So certain ingredients of one solution are separated
between the two solutions depending on the distribution coefficient
and solvent extraction is process using extractant which efficiently
react with ingredients that I want to separate in order to increase

efficiency of solvent extraction.
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For the purpose of development of the extraction process of
lithium ion, an experimental research on the solvent extraction of
lithium ion from aqueous solutions was performed. The effects of
operating parameters, such as concentration of extractant, ratio of
extracting solution/aqueous solution, pH of aqueous solution, were
examined. The effect of sodium chloride, the major component of sea

water, was also examined.

Lithium ion in aqueous solutions of pH = 10.2 - 10.6 adjusted by
ammonia solution was most effectively extracted by extracting
solution composed-of 0.02M TTA and 0.04M TOPO in Kerosine. The

addition of sodium- chloride in 1lithium aqueous solution

gignificantly interfered the extraction. of lithium ion.
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I:l 10 rare metals

Bonen | e | Cion [Ty
Cl CI 19000 258400000
Na Na* 10500 142800000
Mg Mg?* 1350 18360000
S SO, NaSO4 885 12036000
Ca Ca* 400 5440000
K K* 380 5160800
Br Br~ 65 884000
Sr Sr# 8.0 108800
B B(OH)3,B(OH)4~ 4.6 62560
Si Si(OH),~ 3.0 40800
Li il 0.17 2312
Rb Rb" 0.12 1632
P HPO, POs*, HoPO, 0.07 952
Ba & 0.03 408
In In(OH)," 0.02 272
Mo MoO.* 0.01 136
Ni Ni%* 0.005 68
Cu CuCO3, CuOH" 0.003 41
U UOz(COg)34_ 0:003 41
\% HoVO7- VO 0.002 27
Mn Mn?, MnCl* 0.002 27
Al Al(OH), 0.001 13
Ti Ti(OH)4 0.001 13
Co Co?* 0.0001 1.3
Ge Ge(OH),4 0.00006 0.78
Ga Ga(OH)4 0.00003 0.4
Ag AgCly 0.00001 0.013
Au AuCly” 0.000004 0.005

Table 1. Concentration of metal ion and natural resources in seawater
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2.1.1 FEA9 F79 54

2.1.1.1 Acids and chelating acidic extractants

o] : carboxylic acid(naphthenic acid, versatic aicd & )

alkylphosphoric acid (di-2-ethylhexylphosphoric acid &)

sulfonic acid ( dinonylnaphthalene sulfonic acid -s)

~
o,

-

od
ox
%

.

FEA= 718 dA 55 o) WESSted neutral complexE

o] \REES ol wWINFORE FEE8S FHOL9 dU=
(basicity), 84 << pH, F&8d Fd A= sol2 FTHECI,
COs, SOZ SN F&A9) Ar=(acidity) Sl @aFS vt} A 24

852 TR FZA G FE oI Lol U SH Fro] EAH

AAE ool o8 T/ BAEEC A JtedtEE, FEA%
& o2 Ato]o] Al ¢FEH ne o EHiAITA S MR oRE
log D = log K + n pH + n log[RH] ¥)

FZ2A1Y 571 4AE o log D : pHY plotS 18]al pH7F 94T o
log D : log[RHI®] plot 7]&-7]e| A F3+t}.
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2.1.1.2 Anion extractants (anion exchanger)

dekx o2 primary, secondary, tertiary high molecular weight
amine®] protonated form¥} quaternary compoundEolth. FZ=A A
<

5O 2 quaternary ammonium saltst oo} o] 2o]&S wsi)
RN'A"+ B & RNB + A- 3

primary, secondary, tefrtiary amine o] w3k o o}zl 7ol

protonation2 3¢}

RN+ H + A & RsNHA" 4)
R:NH'A" + B~ # R3NHB +A° )

amine®] %7} AR G714 oA ageregationS Y o zlt}.

RaNH'A™ = (RsNH'A); = (RsNH'AY), = (RsNH'A)micell (6)
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ol 2o] FEE anion LSO PRl ofs) AT
RN'X" + MYn'l” & RIN'MY.p” + X° )
RAN'X" + MXn = RyN'MXp~ ®

controlling factors 489 Ao] X o] *%¢9} hydrated metal ion

%‘%‘( MX(H_1)+, MX2(H_2)+, X MXn, MXn+1_ %)O] E]—

righ

X'o BE7} oM Rrhukge], vtow XFukgo] FrlAT

2.1.1.3 Solvating extractants

P>

B

m\g
X,
i
Hﬁl

o
o
(e
Ho
A
o
=
=
Ao
e
i
T
o
iz
e
)

o : tributhylphosphate (TBP)
methyl isobutyl “Ketone (MIBK)

MX, + S = MX.S, 9)
HMXn+1 + XS = (HSX) + (MXH+1)_ (10)
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2.1.2 Mixed - complex A4

FEole FEolME F A o] FEAE EF AEsl] Folewt

mixed complexg FAZAZIH, FE2AE 727 A& A9 FrRT

e %% ade YEs 497 At o synergismol2 k.

antisynergism-< YeElH= A% Atk

a

acid extractant + neutral donor molecles

aliphatic e hydroxyexime(LIX 63) + warious carboxylic aicds or phosphoric acids
two acidic extractants

dinonylnaphthalene sulfonic acid(DNNSA) +

di-2-ethylhexylphosphoric acid(D;EHPA) for lanthanide & actinide

_13_



22 &% F=Ad o3 &wiF<= (TTA, TOPO)

SUFZ Ve AT o]0l &alEH A= solA 2EY £
TEE AAste WS dFEHJATHI L0 BEsES] Al A
{3l p-diketone<} neutral ligands€ AF8-3t3A T A -diketone Fig. 3 3}
2 TEE AL o Tk g4ol2o] Fig 49 o] e
Agetn gujFEo] o] Folxit

FZA| p-diketone®} neutral ligands= A3E ATE AHEA v 2k
Sekin 52 CCly f7]&w1s}el] /A -diketone?! benzoyitrifluoroacetone (BFA)<}
Neutral ligands¢l TOPO, tetrabutylammonium ion(TBANS o]-&3&to] &zte]
% FEY AYAEFHE BYoH1L12] Mukai 52 A -diketone?!
benzoylpyrazolone s ©=0 & AR&sty A F5ES &WFEF st
[13], benzoylpyrazolone¥} neutral ligand@l TOPO[14], Bezoylpyrazolone}
o3t neutral ligand [15,1619F 34| AbE-3st] dZElg45E SujFE9
AU A &3E Bt Ohmiya & B -dketone?! TBA®} neutral regand?!
TOPOE- chloroform &4}l Ag" Sv|FE9) AlUA- &35 AR oH[17],
Sekin 52 isopropyltropolone, TOPOE - #7]-8 1] chloroforms AF-&3}a]
Cu, Ni, Zn 9] 67}A 5%& F=3AtH18]. Table 2 o= p-diketones}
neutral ligand®] Feol st AHelstH T
Hle} o] pg-diketone$} neutral ligandE @& 08 AR5l
ARG F FFY FEAE FA AR W
AUA 525 dovg B AfdAE p-diketone] 2-thenoyltrifluoroacetone
(TTA)®} neutral regand¢l tri-n-octylphosphine oxide(TOPO)E A}-&3}<]

gEole &uFEe JIPsA

L
ok

=

o = =
= < F=9}

4

rlo

o]

rr
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W (B-diketone)
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/5 -diketone

Neutral ligand

2-thenoylirifluoro acetone
(TTA)

1-benzoyl-2-nonanone
(LIX 54)

1,3-Diphenyl-1,3-propan
edione
(HDBM)

1-Phenyl-1,3-butanedione
(BFA)

1-phenyl-3-methyl-4-be
nzoyl-5-pyrazolone
(HPMBP)

isopropyltropolone
(B-Thujaplicin)

00
|
o
O O
CF3
0 o
STeQ®
o]
OH
HaC
CHs

trioctylphosphine oxide
(TOPO)

Tributyl phosphate
(TBP)

Tetrabutylammonium ion
(TBA+)

1,10-Phenanthroline
(Phen)

H3C\/\_EWCH3

K/\CH3

9/\‘/\CH 5
HgC/\/\O'é\O/\\/\CHg

HSC/\//\ /\/\CHS
N+
HiC—""" " \-CHg

7 IN_ 7 N\

Table 2. The types of A-diketone and neutral ligand

_17_



e npe} Zo] F&Ho| 52 Y3 p-dketoned} neutral ligandE
AHERFo B A ATEisith Yrd o R, AR AFe {f7)74
A&, B -diketone, neutral ligands Alole] AgS 3l 7|15 ATH

19943 Calvin®} Wilsonell 23 TTAE= Zd°]EAZ neptunium}
plutonium¥ & &k AE U4 F=ol de] AREEH AT, 191 TTAZ}
Tl FEFF AUAEHRE F+= neutral ligandZ2= TOPO HE+=
TBA" o] 2t} Norog} 19] 8552 TTAS TBA'E AFE3lY] lanthanideE
FE3cd AUAEIAE H3y BuiASet BEAFSE JERAT
[20,21]. Sekin¥} &S5 &2 TTA®TOPO =+ TBA'E o|&3sle 2H
VAE2ES F=3H9022-25], ol Sekine¥ Hokurai= TTA<} TOPO<}
w50l TR wheS st ARSFITH26,27]. Takazawas=

TTASH TOPOE AFgafe] FZo] F43] He A4 dgmuss 24
=

TTA= Y| EAZ AFS5+= B-diketone o2 A, Fig. 5 (a)o] Uehd nle}
Z:l'ol Rl-‘j]' R27]' 2—thenoylﬂ} CF3E X] <t ':f—L = ]':l_’— 9,;1]—4' TTA+= O]
T X879 ¥R 4ol TR 4Hdo] =& TTAE UYEFO|L,

ZFole, #Eoled 22 Ul Foless EHHL

utl
oo
2
i
b
FiF
PO
o
utl

RBuxa ¢oH32l.
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TTASH £3 A8l F4ole S50l AUALANE Fi olen WlEas
TOPOI33] == TBAT3417F 9} & AFtellA= TOPOE TTASH &3 ARE-3td
gEole 2% AUA EHE AnA AT A-diketoned] TTA

neutral ligand?l TOPO= 2% ol2#9 FEie<& T3t 2§ o<
©
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TTA= TTA 9} H'e.=

(TTA)y, =(TTA),,+(H),,

Li's} TTA, TOPO® A¢ts EH

L'+ TTA + 2T0OP O, = |Li(TTA)-(TOPO),)

org

\Zi (T74)-(TOPO),,,
(L[ TTA [T OPO)

org

(4

D

S

[TTAT ) TOPO)

org

ex.

log K, = log Dg— log [TTA |- 2log [TOPO|
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Li" 5 2iAs=

[Li(TTA) (TOPO),,, (16)
D, =

[Zi"]

an

(18)
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€))

(b)

—/

O 0

HSC\/\_g_/\/C Ha

k/\c:H3

Fig. ‘5. Structure of (a) TTA (Thenoyltrifluoro acetone) and

(b) TOPO (Trioctylphosphine oxide)
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+ Li" + 2 O—P(C8H17)3

S R CF;
Wy
O

O
/Li
(CgH;7);p ——O O P(CgH7)3
S T~
0, O
it
(CgH;7)5P —-O0 ‘0 P(CgH,7)3

Fig. 6. Structure combining TTA, TOPO and Li*
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3. 4

3.1 AF&-AlSF

B AFA FE2AZ= Table 33 o] thenoyltrifluoro acetone
(TTA, Aldrich Co.)3} trioctylphosphine oxide (TOPO, Aldrich Co.)&
A8 AL, fr7]-8vl 2= Table 4 9F 3] A ZAl(Aldrich Co.), m-=A A,
A, EFd, dAakJunsei Co.)S Z+2F AFE-3lTE Table 5 ¢ 2Zo] &7l
742 NHiOH, NaOH, KOH (Junsei Co.)e AR&stR i, ElF F&q<
A zoll Table 3 7 AZo] 1.0 wt% | F4ke] %1000 mg/L 2|F EF

£ (Aldrich Co.)& AF-&3+3Th

_27_



FORMULA CsHsF50,5
Molecular weight 222.18 glg-mol
TTA
SUBSTANCE 2-thenoyltrifluoro acetone (99%)
Manufacturing .
Aldrich Co.
Company
Extractant
FORMULA [CH3(CH2)715PO
Molecular weight 386.63. g/g-mol
TOPO
SUBSTANCE Trioctylphosphine oxide (90%)
Manufacturing g
Aldrich Co.
Company
FORMULA Li
Molecular weight 6.941 g/g-mol
Lithium standard
solution e : : :
SUBSTANCE Lithium atomic atso@on standard solution
(1,000 zg/mL Li in 1 wt. % HCl )
Manufacturing )
Aldrich Co.
Company

Table 3. Charactericstics of extractants and lithium aqueous solution
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Solvent

FORMULA

Molecular weight

Kerosene
SUBSTANCE Kerosene
Manufacturing Company Aldrich Co.
FORMULA CeHa(CHs)2
Molecular weight 106.17 g/g-mol
m-Xylene
SUBSTANCE m-Xylene (98.5%)
Manufacturing Company Junsei Co.
FORMULA CeHs
Molecular ‘weight 78.11 g/g-mol
Benzene
SUBSTANCE Benzene
Manufacturing Company Junsei Co.
FORMULA CeHsCHs
Molecular weight 92.14 g/g-mol
Toluene
SUBSTANCE Toluene (99.5%)
Manufacturing Company Junsei Co.
FORMULA CH3(CH2)4CH3
Molecular weight 86.18 g/g-mol
Hexane

SUBSTANCE

Manufacturing Company

Hexane (99.5%)

Junsei Co.

Table 4. Charactericstics of solvents
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Base

FORMULA

Molecular weight

NH,OH

35.05 g/g-mol

NH,;OH
SUBSTANCE Ammonia aqueous (28.0~30.0%)
Manufacturing Company Junsei Co.
FORMULA NaOH
Molecular weight 40.00 g/g-mol
NaOH
SUBSTANCE Sodium hydroxide (98%)
Manufacturing Company Junsei Co.
FORMULA KOH
Molecular weight 56.11 g/g-mol
KOH

SUBSTANCE

Manufacturing Company

Potassium hydroxide (85%)

Junsei Co.

Table 5. Charactericstics of bases
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aqueous solution

extracting solution ———
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(c)
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Fig. 9. Schematic -diagram of solvent-extraction apparatus

(A) extracting'solution (B)-aqueous solution,

(a) stirrer (b) magnetic bar (c) extraction chamber (d) settler
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Fig. 10. Phase separation of aqueous solution and extracting

solution in separatory funnel
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Fig. 11. Sampling-of "aqueous solution for concentration analysis
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Fig. 12. AA concentration analysis instrument

_85_



Aqueous solution + Extraction Solution
(pH 9.0~13.0, Lithium 1ppm + TTA 0.02 M, TOPO 0.04 M)

H-H"'\—\.
Fig. 13. Flow chart of lithium solvent extraction
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Fig. 14. Effect of extractant concentration on distribution coefficient of lithium

ion in aqueous solution.

[Li*]p=1.0 ppm, pH=10.21, [TTA] : [TOPO] =1 : 2
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Fig. 15. Effect of extractant concentration on extraction efficiency of lithium

ion in aqueous solution.

[Li'ly=1.0 ppm, pH=10.21, [TTA] : [TOPO] = 1 : 2
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Solvent Standard

1. Phenol 0.005mg/ 1 under
2. Diazinon 0.02mg/ 1 under
3. Parathion 0.06mg/ 1 under
4. Fenitrothion 0.04mg/ 1 under
5. Carbaryl 0.07mg/ 1 under
6. 1.1.1-Trichloroethane 0.1mg/ 1 under

7. PCE 0.01mg/ 1 under
8. TCE 0.03mg/ 1 under
9. Dichloro methane 0.02mg/ 1 under
10. Benzene 0.01mg/ I under
11. Toluene 0.7mg/ 1 under
12. Ethyle' benzene 0.3mg/ 1 under
13. Xylene 0.5mg/ 1'under
14. 1.1-Dichloroethylene 0.03mg/ 1 under
15. Carbon tetrachloride 0.002mg/ 1 under
16. 1,2-Dibromo-3-chloropropane 0.003mg/ 1 under
17. Ethylene dibromide 0.001mg/ 1 under
18. Benzo(a)pyrene 0.0007mg/ 1 under

Table 6. Limitted concentration of solvent in water
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Fig. 18. Effect of the ratio of aqueous solution / extracting solution on
distribution coefficient of lithium ion in aqueous solution.

[Li*1p=1.0ppm, pH=10.50, [TTAI=0.02M, [TOPOI=0.04M, solvent=100mL
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extraction efficiency of lithium ion in aqueous solution.

[Li*1p=1.0ppm, pH=10.50, [TTAI=0.02M, [TOPOI=0.04M, solvent=100mL
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Fig. 21. Effect of pH on distribution coefficient of lithium ion in aqueous

solution.
[Li*]o=1.0ppm, [TTA]=0.02M, [TOPOI=0.04M
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Fig. 23. Effect of base type on distribution coefficient of lithium ion in aqueous
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[Li*]y=1.0, [TTAI=0.02M, [TOPO]=0.04M
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Fig. 25. Effect of NaCl concentration on-distribution coefficient of lithium ion in
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