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Solvent Extraction of Lithium Ion from Aqueous Solution
Using the Synergistic Effect of TFPB and TBP

Sang gu Jeong

Department of Chemical engineering, The Graduate School,

Pukyong National University

Abstract

Lithium has been used in many fields, such as the special
lightweight 'alloy materials for aireraft, next—generation fusion fuel,
batteries for mobile phones and various IT devices, etc. However, there
is no land reserves of lithium in Korea, and so the lithium supply relys
on imports ‘entirely:-As the price of lithium™ skyrocketed in recent
years, researches “~on ‘the. solvent extraction.~of lithium ion from
concentrated seawater from desalination facilities have been actively

performed in Korea.

In this study, as a preliminary study on the lithium extraction from
concentrated seawater, solvent extraction of lithium ions from aqueous
solution was carried out. B-diketone and neutral ligand were employed

on adopted for extractants.

The optimum extraction conditions were established on the kinds and

- vii -



purity of organic solvents, the concentration of extractant, the pH of
lithium aqueous solution, the volume ratio of extraction solution to
aqueous solution, the initial lithium concentration, and additional of
another ions in lithium aqueous solution.

It is found that kerosene is the optimum solvent of this extraction
process and lithium ions in aqueous solutions of pH = 10.0 - 10.5,
adjusted by ammonia aqueous solution, was most effectively extracted
by the extraction solution composed of 0.02M TFPB and 0.25M TBP in
kerosene. The maximum -lithium extraction_efficiency of lithium was

99%.

The extraction efficiency decreased with the increase of initial
concentration of lithium ions and the volume ratio of aqueous solution
to extraction solution. And the extraction efficiency significantly
decreased with the' addition of other ions, such ad magnesium ion,
calcium 1on, sodium ion and potassium ion.

Thus, a pretreatment step on procedure for the elimination of these

ions is essential “before lithium extraction:
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Table 1. Concentration of metal ion and natural resources in seawater

[ oy 8224

Concentration Total amount
Element Type (mg/L) (10 x ton)

Cl Cr 19000 258400000
Na Na* 10500 142800000
Mg Mg2+ 1350 18360000
S SO4*, NaSO, 885 12036000
Ca CaZ, 400 5440000
K R 380 5160800
Br Br- 65 884000
Sr Sr¥ 8.0 108800
B B(OH)3,B(OH),~ 4.6 62560
Si Si(OH),~ 3.0 40800
Li i 0.17 2312
Rb Rb* 0.12 1632

p HPO,*, PO, HPO, 0.07 952
Ba Ba®* 0.03 408

In In(OH),* 0.02 272
Mo MoO4* 0.01 136
Ni Ni?* 0.005 68

Cu CuCO;, GuOH" 0.003 41

U U04(COz)5* 0.003 41

V H,VO, -, HVOZ 0.002 27
Mn Mn?, MnCl" 0.002 27

Al Al(OH), 0.001 13

Ti Ti(OH), 0.001 13

Co Co* 0.0001 1.3
Ge Ge(OH), 0.00006 0.78
Ga Ga(OH)s 0.00003 0.4
Ag AgCly 0.00001 0.013
Au AuCl, 0.000004 0.005




Table 2. 10 Rare

metals specified by the Ministry of Knowledge Economy

¥ 5 Fo #d BUEE SRS A
&ZHMn) °|g717], zZdol, AFH 554 -=2}o] 1H42.4%)
= B dl(Mo) LOD LED, =% Z=(25.1%)
4 E(Co) 224 A A W 7] 9 (50.8%)
B 2='l(W) 29717, 574, AAFE S A F(74.1%)
] BhE (Ti) &2k, HAE 7t 2t Q1 5(48.8%)
2] 5 (Li) 22+ AA 2 #(89.0%)

vl 24 5 (Mg)
Q1 &(n)
3] & /F(REE)

3&(Cr)

wME A, 23 AR, G A

98717, BaBEdol, AFE 557

+=(97.1%)

< =(65.1%)

Fob-3(52.9%)

A5 0 A1 74(2010)
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Table. 3 Element of lithium.

2l F sLi

Fe

=]
RN

s etat o7 FH el A

A Zte A e FA Hl= 0.002~0.007%

¥ YA, g/mol

6.941

J. A.-Arfwedson (1,817\3)

rlo

A 317

0.534 g/cm® (A-&)

180.547C

1,3427C

SLi(7.:6%), 1.1(92.74%)

A=} w2 18%2S!
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Table 4. The yield and estimator of lithium around the world

% 7 B A0 BEHW
(2008%)
Chile 12,000 7,500,000 7,500,000
Austria 6,900 170,000 220,000
China 3,500 540,000 1,100,000
Canada 710 180,000 360,000
Zimbabwe 300 23,000 27,000
Brazil 180 190,000 910,000
Bolivia ~ a 5,400,000
U.S.A - 38,000 41,0000
G 23,590 8,641,000 15,297,000
A5 : koreaPDS(2008)
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Table 5. Main uses of lithium
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2.21 FEA 9 F79 54

2.2.1.1 Acids and chelating acidic extractants

A FEAle A7 S5 ol Hhgsle] ofgel Zhol
neutral complexs &4 stt}.
d : carboxylic acid(naphthenic-acid, versatic aicd 5 )
alkylphosphoric- acid (di-2-ethylhexylphosphoric acid %)

sulfonic acid (dinonylnaphthalene sulfonic acid -s)

Mn+ + n RH = MRn + n H+ D
o] 'HEk-§-& . ofo]l&, WIFIHISO T FEEL FLo|29o HAU|®E

(basicity),. =& 52 pH, &% Tl A st= o
CO32-, SO42--5), F=A9 4=(@cidity) 5 F9FS T=o. A
w4 &HFE FAAA FE2AY 5 ool REEEH FEA
FAE APE ool oY FFH Bl AA JMEIEE, FF
At F ol Aol A FEH nd T BEujAFAS big
2 g3 Zo] FEA9 v=7F AT W log D : pH plote, 1
gla pH7F €A w) log D : loglRHI®| plot & 183 7]L7| 2%
B gtk

o
o\
]
5

log D = log K + n pH + n log[RH] 2)
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2.2.1.2 Anion extractants(anion exchanger)

dekx o2 primary, secondary, tertiary high molecular weight
amine®] protonated form¥} quaternary compoundEo|th. FEA| A
o2 quaternary ammonium salts= o}gfo} Zo] gol2S w33k
}.

RNN'A™+ B® = RNB+ A" 3

primary, secondary, tertiary amine2 2] w3k Fof| olzje} o]

protonation= Shef,

RsN + H*+ A"= R3;NH'A” (4)
RINFTA~ B = RNHIB &% %)

amine®] w7} A9 F7] 4ol A aggregationS Uo7t

R3NH+A_ = (RgNH+A_)2 = (R3NH+A_)H = (R3NH+A_)miCGH (6)
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—_L
=

4

o] g9 FZ& anion WIHGo|Lt Frhukge] ofs) T,

RN'X™ + MYn'l™ = RIN'MY,.~ + X° (7

RN'X™ + MXn =2 RN'MXpq ®
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2.2.1.3 Solvating extractants

A AALE ZFbskeE f7]E el 93 &S I
o tributhylphosphate(TBP)
methyl isobutyl ketone(MIBK)

sulfur-containing extractants : dihexyl sulfide

MXy + ¥S = MX.Sy 9)
HMX1 + XS = (HS)+MXq)" (10)

ol ‘TEaESE compiexs MARAEAT FE3lo AR Ao =

A S FE5ol2H Beste] Sriste

+

£3] tributylphosphate} Z-& QI47E T &sl= 4 FE&2
C-P Aol wet Z71 ot

phosphine oxides ) phosphonates ) phosphates
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2.2.2 Mixed-complex A A

rlo
53
S
>
(@)
[@N
(@)
(@]
=i
=}
(@]
>
i
[0}
ox
>
N
fE
o
i
2
il
N
N
s
>
ofo
o
P
lo
d
f

o : acid extractant-+ neutral donor molecles

aliphatic_o hydroxyoxime(LIX 63) + TF3 f7]4t =

O] AL

S

rlr

two ‘acidic extractants
dinonylnaphthalene sulfonic ‘acid(DNNSA) +

di-2-ethylhexylphosphoric acid(D;EHPA) for lanthanide & actinide
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2.3 & F=Ad T SuiF=

|UlF= 7l gYge ol2Eo] &alFH = dFolA HEe] &
2 ATHAH89] =] axHl 2
S &) g -diketone?} neutral ligandsE AF&-3F3dth. B -diketone- Fig. 3
I 2e FEE ML o ke 550l Fig 49 2ol 3=

= AAste] gujFFo] olFozt. =g, B AHFe p-diketoned
7}

AC)
off
b
il
ihd
o
ok
rlr
ol
g
o

neutral ligande] <4 oL FZo| B3 mechanism= Fig .50 e S
o g Ao} gHol2s ¢ 2AY p-diketone# F &4+ neutral
ligandE ©]&3s}4 chelating #3}ES FAsto] FEsk= dl olth
=4 p-diketone2} neutral ligandsell sl APH AFE A RERA o
S Fdy=s Sekine = CCly f-71-8-ull 5kl 3 -diketone<!
benzoyltrifluoroacetone (BFA)<} neutral ligands <! TOPO,
tetrabutylammonium ion(TBANE ©]&3sto <Al 55 FF9 AUA=R
= RATH10,11]; Mukai-52 £ -diketoneS! benzoylpyrazoloneE T 0
2 Agst S aEss §WiFEskai12], benzoylpyrazolone @}
neutral ligand?l TOPO[13], Bezoylpyrazolone3} ©T-<F3lF neutral ligand
[14,15]5 & 3 Ar&ste] dZelaskol tie 5= AvA a3
£ E3H. Ohmiya 52 p-diketone?! TBA<®} neutral ligand?! TOPOE
chloroform <&A] 3slell Ag" W52 AYA BHE LoH16],
Kolthoff &2 isopropyltropolone, TOPOE 718w chloroform3} 37|
Abg3ta]l Cu, Ni, Zn 9 67FA] 452 F=3FHUTH17]. Table 49 g



-diketone®} neutral ligand®] &Foll thsle] A 2st3 .

&3k nle} o] p-diketone} neutral ligandE @502 ALE3HY
&0l &S FEIE ARY F FTFY FEAE T AHESIAES o
AYA &g demg B dAFgME g-diketones!
4,4,4-trifluoro-1-phenyl-1,3-butanedione(TFPB) £} neutral ligand<!

tributylphosphate(TBP)E Ab&-3te] gl Fol &miF&S X3Pt
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Fig. 4. Structure-of -extracted metal compounds

by tributylphosphate
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R R’

| (B-diketone)

.E? -
p
H\".

I'"'.I'I+ {(Metal)
a =

Fd M
a-j' “\lh‘
Meutral ligand Meutral ligand

Fig. 5. Structure of extracted metal compounds
from..8—diketone and neutral ligand
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Table 6. Types of g-diketone and neutral ligands

2-thenoyltrifluoro acetone
(TTA)

1-benzoyl-
2-nonanone
(LIX 54)

1-phenyl-3-methyl-4-
benzoyl-5-pyrazolone
(HPMBP)

isopropyltropolone
(B-Thujaplicin)

trioctylphosphine oxide
(TOPO)

ibutylphosphate
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Hol st Jed AUA Z3e /7] AdolA
=78 E, p-diketone, neutral ligands Abo]o] ZAdHS E&) 7]<l3oh

1994 Calvin®} Wilsonol|l <]&]l TTA= Z#CEAZA neptuniumz}
plutonium¥ #Z2 ek AYE da FZFo| dg AHESHACTHIE]L TTA<}
37 F&olL FZE3at AlUA aF}E FE= neutral ligand== TBP9
TOPO X+ TBA7} 9t} Noros2 TTA®F TBA'E AF&3te] lanthanideE
FEoted AUXERES Hoka EuijASFe HINFE ARG

[19,201.

2

B. Gajda 5<& =4 TBP%} di(2-ethylhexyDphosphoric acidE ©]-8-3}
o] nikel3} cobaltE FE3FATH21] Sekine 52 TTA9} TOPO E+
TBA+E o] &3l HHE dASS FEFoF1[22-25], HFol Sekined
Hokura= TTA, TOPOSt T&ol29 S Ee] W8S FHso =4
390 tH26,27). Takazawas TTASF TOPOZS Al-g3le] FFo] F243] N3
He AMY dedHsts A

ron §vl%Zol A EFHAUE] BAFF) BIEEYFE AT

_,d
2
B
2
=
=
S
3
O]
rlo
—J
—3
o
fru
Z
O
i
O
o

oH29]. =%+ Machida 52 TTA9} TOPOE AH&3sle] BEFS FEdl=0
718 S AR 30L, Bl W TR olS0] HEFES
Welshes 845 AU THE1-331

TFPB= AE|oEAZ AL&E+E= p-dketoneo 2 A, Table 6] Jehd
nRe} Zo] Ri# Ry7F benzened CF3E | &d F+x2E Ztal ok TFPB

T o] F A9 FFoE Aol FrMAT Aol w2 TFPB 4

m
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Fig. 7. Continuous process of solvent extraction from concentrated water
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Fig. 8. Continuous process of Li* solvent extraction.
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4 9

3.1 AR&AISF

= A 7ol A FE2A 2= Table 7oA L ER A
4,4,4-trifluoro-1-phenyl-1,3-butanedione(TFPB, Aldrich Co.)3}
tributylphosphate(TBP, Aldrich-Co.)& AF&3tHar, F7] &= Table 8 3}
%] Kerosene(Aldrich - Co.),  m-Xylene, Benzene, Toluene, Hexane (Junsei
Co)s Ztzt ArgskSith Table 9 8 o] <ze]l =42 NH,OH, NaOH,
KOH (Junsgi Co)& AH&8tAaL, 2lF T8¢ A|lxol= Table 7 9 7o
1.0 wt% HAro] gHr¥ 1000 mg/L 2& EE-&H(Aldrich Co)< AH&3FA
=
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Table 7. Specifications of extractants and lithium aqueous solution

AR CsHsCOCH>COCF3

2}

ol

A

216.16 g/g-mol

TFPB 4,4,4-trifluoro-1-phenyl-
A (e E) .
1,3-butanedione (99%)

s

o

A &3] AL Aldrich Co.
FE=A
A (CH3(CH5);0)sPO
o AL 266.31 g/g-mol
TBP
EAH(EE) Tributylphosphate (90%)
A Z 3] A} Aldrich Co.
=244 Li
A 6.941 g/g-mol
F EEed
2A(D) Lithium atorric absquon standard solution
(1,000 zg/mL Liin 1 wt. % HCI )
A 23] AF Aldrich Co.
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Table 8. Specifications of solvents

A4 -
A& -
A 2 A
=AdH(ER) Kerosene
A Z3) A Aldrich Co.
A4 CeH4(CHs),
AL 106.17 g/g-mol
m-=Z4
EAH(EEE) m-Xylene (98.5%)
A Z3) A Junsei ‘Co.
24 CeHs
AL 78.11 g/g-mol
il A
=eTHHES) Benzene
A Z3) A Junsei Co.
212 CeHsCHs
AL 92.14 .g/g-mol
=34
AN T) Toluene (99.5%)
A Z3) A} Junsei Co.
242 CHs5(CH2)4CH;
A 86.18 g/g-mol
&) 4k
A4 (+=R) Hexane (99.5%)
A Z3) A} Junsei Co.
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Table 9. Specifications of bases

Base

A4 NH,OH
A= 35.05 g/g-mol
NH,OH
=AY (TR Ammonia aqueous (28.0~30.0%)
A 23] Ab Junsei Co:
A+ NaOH
AL 40.00 g/g-mol
NaOH
E4HEER) Sodium hydroxide (98%)
A Z 8] A} Junsei Co:
A KOH
B2 56.11 g/g-mol
KOH
=AW (EE) Potassium hydroxide (85%)
A Z 3] A} Junsei Co.
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3.2 4349

FZA¢l TFPBe} TBPE HxE xdste] &3 & f7]8uel A=A,
i E

vadg g ol g3

o
2
)
>
=2
ot
ool
P‘L
2
£
&
Lo

F T892 Simga AldrichiAle] 1000mg/L €]F ZFEHS 32351
1.0mg/LE W& ¥ 3% 7o &g =4 NH,OH, NaOH, KOHE A}-&3}o]
pHE 9.0 ~ 115 o2 ZAH3lo A z23190h

=

sted 60%3F T AT 4 el A B0 2R AT ol i
e F &9l FEARS 5o -EEE A3y fsiAelth
JEE7E fsHEW F498 o 1mL AEE AFHsIY Fg 119
Flame-AAS (AA analyst 300, Dong-il shimadzu Co)& AMg&3le] @& &%
TE A Yo g gFoleY TEE AASATh AR BF nF
FTEE SAs=H 3ol HE 5 AdPAdol Fasith AFHe 1.0ppm
o3t HAHFE==Z 0.0, 02, 0.4, 0.6, 0.8, 1.0ppme] F==2 ZlF TFEHS
Azxste] AFde A4 7 AL gFolo HEFs

21g Flow chart: Fig. 12 o YAt
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aqueous solution

extracting solution ————

(a)

I—D extract
A

TN A1 s
ON—1 | T 1 (@
(At | |
. raffinate
) BD

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. AA concentration analysis-instrument

(AA analyst 300, Dong-il shimadzu Co.)
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Aqueous solution + Extractants in Organic solvents
(Lithium lppm 100ml + (TFPB+ TBP in Kerosene)

Stirring(60min)

Separation(60min)

Samplingt10ml agueous solution)

Concentration analysis AAs

Fig. 12. Flow chart of lithium solvent extraction
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t}. Table 6 A9} o] F
TOPO, TBPE Aste] Zpzte] o oty FEAFS AU 2+F ©
29 %J|FEE 10ppme&= I ASkal, F=A| - p-diketoned %=
0.005, 0.01 0.02 0.04 0.08 M2 W 3}A]7]3L Neutral ligandQ] TOPO9] &%
g FEA &9 24, TBPe %% 0.05 0.10 0.15 0.20 0.25 = WA
A FEdd<e 1Y skef Fig. 13 WA F&A34 7718 F
HE 112 sty A3k 2% HDBME Al&slds wWie F2&23471
H 1l ol w78 95%0138 F+=88&S Bt o= Rl
R2 2+&717} sdstois FEA ] Aadel 45280 A9 7] wj&ol
g FeET, vk TTAS TFPBE AR&stdl<= A-foe & o CF &8

715 st 1A fluorozt MAE Fotdriw A4S FA8H7] W&

rulru

|

H

o FE285&° ¥ w2 Zo® dddH.
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—— TTA
©— HDBM
100 + 8
;\3 80 -
=
(&)
5]
) 60
2
LLi
C
O 40 -
g v
&S 20 -
O -
8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0

pH of ammonia solution

Fig. 13. Effect of pH of ammonia-solution-on various extractants used for

lithium solvent extraction.
[Li*1y=1.0 ppm, [ g -diketone] = 0.02M
[ B -diketone] : [TOPO] = 1 : 2
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Extraction Efficiency(%)

120

—e— TTA
@ HDBM
100 1 —v— PBD
—a— TPB
80 -
60 -
40 -
20 -
o -
T T T T T
0.00 0.05 0:10 0.15 0.20 0.25 0.30

Concentration of TBP(M)
Fig. 14. Effect of the concentration of TBP on various extractants
used for lithium solvent extraction.

[Li'lp=1.0 ppm, [A-diketone] = 0.02M, [TBP] = 0.25M,

pH of ammonia solution = 10.5
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Jeu E B e AL 571809 AR A B SulFEo
]_
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Table 10. Allowed concentration of solvent in exhaust water

A= 7l =
1. #l=(Phenol) 0.005mg/ 1 o]}
2. o] o}A] =(Diazinon) 0.02mg/ 1 ©] 3}
3. 3}e}E](Parathion) 0.06mg/ 1 ©] &}
4. HY EZE]-2(Fenitrothion) 0.04mg/ 1 ©]3}
5. 7halE(Carbaryl) 0.07mg/ 1 ©] 3}
6. 111-EflE=Z20leK1 11" Tridlaoethane) 0.1mg/.1 ©] 3}k
7. HEZZZ 2 E A(PCE) 0.01mg/ 1 ©] 3}
8. EC|ZZ 29" A(TCE) 0.03mg/ 1 ©] 3}
9. &= = v ek(Dichloro methane) 0.02mg/ 1 o] 3}
10. #l=(Benzene) 0.01mg/ 1 o] 3}
11. =F<l(Toluene) 0.7mg/ 1 ©]) 3}
12. | & ¥l A (Ethyle- Benzene) 0.3mg/ 1 o] 3}
13. 243 (Xylene) 0.5mg/ 1 ©]&}
14. 1.1-t) & 2 2 o] & A (1.1-Dichloroethylene) 0.03mg/ 1 ©]3}
15. A} <4 3} gk 4 (Carbon tetrachloride) 0.002mg/ 1 ©] 3}
% (15-Dibromo-3-chioropropane 0.003ng/ 1 <1
18. Wl =(a)¥] #(Benzo(a)pyrene) 0.0007mg/ 1 °J&}k
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Extraction Efficiency(%)

100 ~

aqueous solution.

[Li*]=1.0ppm, pH=10.5, [TFPB]=0.02M, [TBP]=0.25M
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Extraction Efficiency(%)

Fig. 16. Effect of kerosene purities on the extraction efficiency of
lithium ion in aqueous solution.

[Li*lo=1.0ppm, pH=11, [TFPB]=0.02M, [TBP]=0.25M
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Extraction Efficiency(%)
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et TEF'BH e TFPE+TBP
%T es of extractant @
CH Q-.

Fig. 17. Synergy effect of extractants.

[Li*lo=1.0ppm, pH=11, [TFPBI=0.02M, [TBP]=0.25M
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pH of ammonia solution

Fig. 19. Effect of pH of ammonia solution-on the extraction efficiency
of lithium ion in aqueous solution.

[Li*1p=1.0ppm, [TFPBI=0.02M, [TBP1=0.25M
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Fig. 20. Effect of extractant-concentration on extraction efficiency.

[Li*Jy=1.0ppm, [TFPB]=0.02M, pH = 10.5
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Fig. 21. Effect of the volume ratio of aqueous solution to extracting
solution on the extraction efficiency of lithium ion in aqueous
solution.

[Li*=1.0ppm, pH=10.20 [TFPBI=0.02M, [TBP]=0.25M, solvent=100ml.
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Fig. 22. Effect of the initial concentration of Li ions in aqueous solution
on the extraction efficiency.
[Lithium]=1, 10, 50, 100ppm, [TFPB] = 0.02M,
[TBP] = 0.25M, pH of ammonia solution = 10.5
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Fig. 23. Effect of the sodium concentration on the extraction efficiency of
lithium ions in aqueous solution.

[Li*1=1.0ppm, pH=10.50, [TFPBI=0.02M, [TBPI=0.25M
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Fig. 24. Effect of the potassium concentration on the extraction efficiency
of lithium ions in aqueous solution.

[Li*l»=1.0ppm, pH=10.50, [TFPB]=0.02M, [TBP]=0.25M
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Fig. 25. Effect of the calcium concentration on the extraction efficiency of

lithium ions in aqueous solution.

[Li*]p»=1.0ppm, pH=10.50, [TFPB]=0.02M, [TBP]=0.25M

_65_



100

80

60

40 -

Extraction Efficiecny(%)

20 A

0 T T T T T T T
0 200 400 600 800 1000 1200 1400 1600

Concentration of Mg2+[ppm]
Fig. 26. Effect of the magnesium concentration on the extraction efficiency

of lithium ions in aqueous solution.

[Li"lo=1.0ppm, pH=10.50, [TFPBI=0.02M, [TBP1=0.25M
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