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ABSTRACT

An ion-exchange method has been developed for separation of Li from
alkali elements(Naand K). A column of AG 50W-X8 cation-exchangeresin
was found appropriate to separate lithium from the solution. In 0.1 M HCI
solution sodium and potassium ions were completely stripped and lithium
ions was passed from the column without any adsorption. All determina-
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tions of ionswere performed by Atomic Absorption Spectroscopy. Separa-

tion and recovery efficiency was found was 99.24%.
© 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Lithiumisthefirst d ement fromtheakainegroup
inthe Periodic Table. It hasthe highest negative el ec-
trode potential and isstable only in non-aqueous el ec-
trolytes. Thelithium-ion battery was “born” in 1991
and grew rapidly as the power source of choice for
portable e ectronic devices, especially wirelesstele-
phones and | aptop computers, during the past 16 years.
Today, themodern world cannot be described without
congderinglithium-ion batteries¥. Thesearchfor lithium
selectivereagentshasintensified over the past severa
yearsduotoindustria and clinica needs?. Alsowidely
used ascatalysts, €l ectrode materialsin Li/MnQO, bat-
teried?. Lithium saltsarewidely used inthetreatment
of psychiatric Disorders.

Separation of Li* from other akali ionsisvery in-
terest and important. There are different purification
methods such assolvent extractionwith TOPO ligand®,
crown ether!®, adsorption of Li on MnO, nano-crys-

ta®andionexchange. Abeet d. recovered lithium from
seawater and hydrothermal water by titanium (1V)
antimonate syntheticinorganic cation exchange™. There
isasimilar report about separation of lithium from other
akali elements. Strelow et al. separated lithium from
sodium, beryllium and other elements by cation-ex-
change chromatography in nitric acid-methanol®. At
thisreference, firdt, lithium and other ionsin 0.1 M ni-
tric acid 50% methanol were adsorbed ontheAG 50W-
X8 Resin andthen, eluted by different volumesof 1 M
nitric acid. In this work, we improved the previous
method® by use of HCI solution and somechangesin
the procedure. lon-exchange chromatography isone
of the methods commonly employed becausethereis
no limitationin thevolume of thesample. Furthermore
itisan effectiveway for separating sol ute particlesand
also capable of extracting positively chargedions?.
Inthiswork, ion exchange chromatography (nega-
tive chromatography) method was used for purification
of Li. Inthismethod, lithiumionisnot adsorbed onthe
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AG 50W-X8 cation-exchangeresinwhilethemanim-
puritiesNaand K were completely adsorbed. To sepa-
ratelithiumfromimpurities, different concentrationsof
HCI, HCl/methanol and HCl/ethanol onAG 50W-X8
cation-exchangeresinswereused. 0.1M hydrochloric
acid was obtaned asthemost adequate solvent to sepa-
ratelithiumfrom other e ements.

2.EXPERIMENTAL

2.1. Materials

All chemicalswereandytica gradeand used with-
out further purification. Water wasdoubledistilled and
AG 50W-X8 (H*, 200-400 mesh, Bio-Rad) was used.
Borosilicate glasscolumnwith 20 cmlengthand 2cm
diameter with sinter glassplate at the bottom was used.
AAS (AtomicAbsorption Spectroscopy, Varian Spectra
AA-200, Swaziland) was used for analyzing the
samples.

2.2. Methods
2.2.1. Preparation of samples

The compounds (LiCl, NaCl and KCI) were
weighted by digita weighing machineprecisely thenthey
weresolvedin distilled water or HCI completely. The
solution was evaporated to near drynessand several
drops of concentrated hydrochloric acid were added
to the residue and were evaporated again and dried.
Thisprocesswasrepested severd timesuntil the solu-
tion wasconverted to chlorideform. Thenresduewas
adjusted with different concentrations (0.05, 0.1, 0.15
M and 3 M) HCl, aso/methanol and HCl/ethanol.

2.2.2.1on exchange chromatography

Frg theBoroslicateglasscolumnwith20cmlength
and 2cmdiameter with sinter glassplateat the bottom
was packed with 20 g of AG 50W-X8 (200-400 mesh,
H* form) cation-exchangeresin and treated with 0.1M
HCI solution (150 ml). The 0.1M HCI solution con-
taining Li, Naand K (80 ml) wasloaded onto the col-
umn, and then the column waswashed with520 ml 0.1
M HCI solution. Li passed; Naand K were adsorbed
ontheresn. To assurethat lithiumwase uted completdly;,
last drops were tested by a platinum wire on flame.
Nonexistence of aviolet flame showsthat Li hasbeen
came out completely from the cation-exchangeresin.
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Theeffect of HCI molaritiesonthedementsadsorption
ontheresinwasinvestigated by varyingthe HCI con-
centration.

Toreusetheresin, theimpuritieswereduted with 3
M HCI. Theloading solutionsand the eluted onewere
analyzed by AAS. Detection limit of AtomicAbsorp-
tion Spectroscopy (AAS) for theelementsarein ppm
levels.

2.2.3.Calculations

Therecovery percentage (separationyie d; R.P%)
wasdetermined by (eg. 1):

%R.P=Cix100 @
Ce

Where C, and C, are the concentrations of ionsin the |oaded

and eluted solution from the resin, respectively. The distribu-

tion coefficient, K ,was determined by eq. 2:

Ci-C. v

Y 2
Ce ><m @

Kd=

Where isthevolumeof thesolutioninml (600 ml) and
misthemassof theresiningram (20 g). The absorp-
tion percentageA% was calculated fromK  as.

%A = 100K d

©)
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d m

3. RESULT AND DISCUSSION

lonic radius of K*and Na" are morethan Li* ra-
dius. Whilecation radius enhances, cation volumein-
creasestoo, so for the solvolysisand complex forma:
tion requiresmore concentration of Cl-.

K*(r =152) > Na*(r =116) > Li*(r =90)

Asaresult, 0.1 M HCl isnot sufficient for K* and
Na* stable complex formation and the solvolysiswith
thenegativeligand (Cl'). Hence, theseionsarereplaced
with H* (RSO,H) and adsorbed on strong cation ex-
changeresinasfollowing (eg. 4):
n[RHT) +M™s & RM™, +nHs (4)

HereisR: resinlattice, M*: Cationin, H*: proton, r:
onresin, s. in solution. According to above mention
lithiumin 0.1 M HCI and sodiumin 0.5M HCI and
potassumin 1 M HCI form stableanion complex, and
passwithout any adsorption and shoul d be maximum
recovery. Thesolution containing Li waspassed through
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TABLE 1. Comparison separation yield in different HCI
concentrations

HCl Li Na K
. separation  separation  separation
concentration yield % yield % yield %
0.05 0.25 6.86 5.21
0.10 99.24 2.27 211
0.15 79.30 78.7 1.15
0.30 71.40 79.75 57.78
0.50 70.60 98.66 78.31
0.70 68.60 77.64 66.29
0.90 67.20 78.60 66.67
1.00 65.20 81.60 97.62
1.50 60.80 80.80 67.06
2.00 59.70 80.82 67.07
2.50 58.50 80.83 67.08
3.00 57.30 80.85 67.08

TABLE 2: LogK ;and A% in different HCI concentrations
for Li,NaandK

HCI Li Na K
concentration Log Kd A% LogKd A% LogKd A%

0.05 4.093 99.75 2.610 93.14 2.737 94.79
0.1 -0.636 0.76 3.111 97.73 3.145 97.89
0.15 0.894 20.7 0909 21.3 3412 98.85
0.3 1.080 28.6 0.882 20.25 3.341 42.22
0.5 1.095 294 -0389 134 0.920 21.69
0.7 1137 314 0.937 22.36 1.183 33.71
0.9 1165 328 0911 214 1176 33.33
1 1.204 34.8 0.833 184 -0.136 2.38
15 1.287 39.2 0.851 192 1169 32.94
2 1.303 40.3 0.849 19.18 1.161 32.93
25 1328 415 0.846 19.17 1.176 32.92
3 1.350 42.7 0.842 19.15 1.169 32.91

theresin, LiCl wasexited too and other unwanted ions
were adsorbed.

Inthepresent work, Alkai metal impuritiessuch as
Naand K were separated from Li using a20 g cation-
exchangeresin (AG 50W-X8) with 0.1 M hydrochlo-
ricacid. Toremovetheretained lithiumwaseuted with
0.1 M hydrochloride.

3.1. Theinfluence of HCI on ions adsor ption on
resin

A key parameter for designing aprocessfor indus-
tria leachatesisthe effect of the HCI acid concentra-
tion. Therecovery of Li (froma200 Li mgL*solution)
wastested for HCI concentrationsbetween 0.05and 3
M. Resultsof separation yield versusHCI concentra-
tionweresummarizedin TABLE 1. TABLE 2 shows
the adsorption percentages (A%) and Log K, (distri-
bution coefficient) for thegiven experimenta conditions
Thedistribution coefficients (K ) andions adsorption
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Figure 1. The influence of HCI concentration on Li
adsorption
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Figure 2: The influence of HCI concentration on Na
adsorption

13 4
. el s
| = Leghd K
il 3
5] | 15
5 | 1
< ® .8
) 15 5
U : 1
s
u 4
L []
B T T 45
] s i i1 2 15 3
HCI (M)

Figure 3: The influence of HCI concentration on K
adsorption

percentages (A %) were determined for the cation ex-
changeresinand shownasA%, LogK ;infigures1-3
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TABLE 3: Theinfluenceof HCI+M eOH 80% concentr ation
on element adsor ption

HCI+M eOH 80%

Separation

Element concentrationfM]  yield[%] Ka A%
0.1 0.2 15180 99.8

Li 0.5 67 14.78 33

1 60.54 19.55 39.46

0.1 321 905 96.79

Na 0.5 12.3 213.8 87.7
1 35.04 55.61 64.96

0.1 1.72 1710 98.28

K 0.5 2.22 1320 97.78

1 1.25 2370 98.75

TABLE 4: Theinfluence of HCI+EtOH 80% concentr ation
on element adsor ption

HCI+EtOH 80%  Separation o

Element concentration[M]  yield[%] Ko A%
0.1 0.88 3375 99.12

Li 0.5 48.9 31.37 51.1
1 54.5 25.02 45.5

0.1 1.74 1690 98.26

Na 0.5 4.44 645 95.56
1 22.5 103.3 775

0.1 0.94 3150 99.06

K 0.5 2.27 1290 97.73
1 3.45 840 96.55

TABLE 5: The influence of 0.1M HCI+MeOH 40% on
element absor ption

0.1M HCI aration
M eOH 40% S)G/)ipeld[%] Ka A%
Li 48.65 3167 5L35
Na 14.1 1833 859
K 118 2520  98.82

asafunction of HCI concentrations. With attentionto
TABLES 1and 2, lithium hasmaximum adsorptionin
0.05 M HCI concentration. Lithium stableanion com-
plex was not formed because of low HCI concentra-
tion and reaction progressin reverse direction (pro-
duction Li* cation). Li* cation was replaced with H*
(RSO,H) on strong cation exchangeresin. In0.1 M
HCI, thereactionisirreverent in direction very stable
anion complex formation and LiCl leaveswithout any
adsorption with maximum recovery, and absorption
percentage and Log K , decrease severely. Infigure 1
lithium behavior is observable perfectly. TABLE 2
showsthat sodium adsorption increasefrom 0.05 until
0.1 and maximum adsorptionisin 0.1M HCI. Infact
amount of Cl-isnot sufficient for Nastableanion com-
plex formation, so Nastable anion complex was not
convened. Na* cationwas replaced H* (RSO,H) and
wasadsorbed ontheresinuntil 0.5M HCI. Inthiscon-

centration amount of Cl-issufficient for Nastableanion
complex formation. So reactionwasirreverentindi-
rection very stable anion complex formation, al of the
Na" was convert stable anion complex. It wasexited
without any adsorption. Increasing HCI concentration,
thereaction wasreversed and asmall quantity of it was
adsorbed and alarge quantity wasexcreted. Infigure 2
sodium behavior isobservable completely. Theresults
inTABLES 1and 2 showsthat potassium hasthesame
treatment of sodium but the maximum adsorptionisin
0.15M HCI. K* cation wasreplaced H* (RSO,H) and
adsorbed onresinuntil 1 M HCI. Infigure 3 potassium
behavior isobservablecompletely.

In TABLE 3 the influence of HCI+MeOHB80%
mol arity on the el ementsadsorption wasinvestigated.
Accordingto other investigations, weexpect maximum
recovery for lithium but, Li recovery percentage maxi-
mum was achieved 60.54% in 1M HCI and 35.04 %
of Nawereextracted along Li. From data of recovery
percentagein TABLE 4 it appearsthat ethanol behav-
ior issimilar that methanol. Li and Narecovery per-
centage maximumwereachieved 54.50% and 22.50%
in 1M HCI, respectively. INnTABLE 5 the effectual of
0.1MHCI+MeOH40% mol arity on the elements ad-
sorption was contemplated. Inthisconcentration al of
theionsadsorbed completely and Li recovery percent-
age was achieved 48.65%. So al cohols among HCI
reduce lithium separation yield and recovery percent-
ageseverdy.

Onewould prefer the sul phonated polystyreneresin
incasewherelargeamount of sodiumand morestrongly
remainedionsare present, becausethisresin haslarger
capacitiesand operateswith asufficiently large separa
tion factor. The AG 50W-X 8 cation-exchange resin
showshigher efficiency intheseparation of lithiumfrom
other dementsin comparison to other such asBio-Rex
40 resini*¥ and Duolite C-3 resin™,

Strel owt® separated lithium from sodium, beryllium
by cati on-exchange chromatography in HNO, (1M)-
CH,OH (80%). Atfirst dl of ionsadsorbed with HNO,
(0.1M)-CH,OH (50%) on AG 50W-X8 cation-ex-
changeresin then eluted lithium with 500 ml HNO,
(1M)-CH,OH (80%) from cation-exchange chroma-
tography column.

Inthiswork, lithium was separated from Naand K
by AG 50W-X8 cation-exchangein HCI (0.1 M) done
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TABLE 6: Comparison between postivechromatogr aphy and
negativechromatography
Kind of

HCI  Separation

chromatography molarity yield % Ko A%
Positive 0.05 0.25 12390 99.75

0.1 75.85 9.55 24.15

Negative 0.05 0.25 12390 99.75

0.1 99.24 0.231 0.76

(freedcohols). First lithiumisadsorbed with 0.05 M
HCl completdy and thenlithiumiseutedwith0.1 M
HCI (positive chromatography); the recovery percent-
ageLi wasachieved 75.85% asshown in TABLE 6.
Considering theobtained resultsin TBALES 1and 2
wereindicatingthat 0.1 M HCl isthemost suitablecon-
centration for separating of lithium from other. Inthis
concentration theimpurities such asNaand K were
adsorbed ontheresinand Li waseluted fromtheresin
(negativechromatography). Thechemica purification
of Li inthefina solutionwhich measured by AASwas
3.89 ppm and separation yield of Li was99.24 % and
K, was 0.231 and A% was 0.76%.

4. CONCLUSION

AG 50W-X8 cetion-exchangeresin (negativechro-
matography method) isexcellent and avery efficient
for selective separation of milligram aswell asmicro-
gramamount of Li from practically al other elements
such as solution containing Naand K. Therecovery
percentageis 99.24% using aconcentration of 0.1 M
HCI solution. The method isaccuratetechniquefor the
separation of lithiumfromdkali impurities.
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