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Simulative adsorption of Li~ from the saline lake brine by the
H, TiO;-lithium adsorbent synthesized by the sol-gel process
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(1. College of Chemistry and Chemical Engineering, Neijiang Normal University. Neijiang 641100, China;
2. College of Materials Science and Engineering, Sichuan University, Chengdu 610064, China)

Abstract: The Li, TiO, nanoparticles were prepared by the sol-gel process by employing lithium acetate
and tetrabutyl titanate as lithium and titanium sources, respectively, followed by modification with hy-
drochloric acid to obtain H, TiO,-lithium adsorbent (titanium lithium ionic sieve). Simulation of the sa-
line lake brine was prepared, followed by adding sodium hydroxide to the prepared solution before ad-
sorption to remove Mg?" as well as Ca®’". Simulative adsorption of Li™ by the obtained adsorbent from
the saline lake brine was carried out. The results indicate that the adsorption capacity of H, TiO,-lithium
adsorbent for Li"is 8. 25 mg * g ', and the partition coefficient (K ) of Li" is calculated to be 24, 54 mL
« g~', which is much larger than that of Na® (0. 52 mL » g7') and K" (0. 97 mL « g7'). Li" to Na~
separation factor (a%,) is 47. 2, and Li" to K© separation factor (a%) is 25. 3, indicating that the syn-
thesized adsorbent has an excellent selective adsorption performance to Li™.
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1 Introduction

Lithium, a limited metal, is of growing im-
portance in energy and light metal alloy fields be-
cause of its special properties. With the gradual
exhaustion of land-based lithium resources, an
urgent need has recently developed to extract lith-
ium from sea and salt lake brine, which contain
an abundance of lithium. However, traditional
precipitation, solvent extraction and salting meth-
ods M * are not suitable for lithium extraction
from sea and salt lake brine that contain low lithi-

Lithium ionic sieves %,

um concentrations.
which are a new approach to address the problem,
have increasingly attracted the attention of re-
searchers because of their various remarkable ad-
vantages, such as their reduced dissolution rate
and stable structure. Generally, there are two
main types of lithium ionic sieves, manganese
lithium and titanium lithium ionic sieves. Com-
pared with the former, the latter exhibits a more
stable performance, and thus titanium lithium i-
onic sieve is more widely used. The most fre-
quently used as titanium lithium ionic sieve pre-
cursor is Li, TiO,. Lithium resources in the saline
lake brine are mainly in the form of Li™ which co-
exists with a large number of alkali metal and al-
kaline earth metal ions. In addition, the concen-
tration of Li" in most of saline lake brine is lower
than other metal ions. Consequently, it is diffi-
culty for the segregation and enrichment of Li”
from the saline lake brine. Therefore, it is neces-
sary for the synthesized lithium adsorbent to have
a selective adsorption performance to LiT with a
low concentration. In this work, simulated ad-
sorption of lithium ions by the adsorbent synthe-
sized by the sol-gel process from the saline lake

brine was carried out.

2 Experiment

The specific preparation process of H, TiO;-
lithium adsorbent,as according to our previous
work [ 19,

obtained adsorbent from the saline lake brine was

Simulative adsorption of Li* by the

carried out by preparation of simulative solution
and adjunction of sodium hydroxide to remove the
Mg*" as well as Ca®". The concentration of lithi-
um ions in the solution was measured by a flame
photometry (FP640, Shanghai Aopu Analytical

Instruments Co. , Ltd. , China).

3 Results and Discussion

Simulation of the saline lake brine was pre-
pared according to a previous work"", shown in
Tab. 1. It shows that the presence of Mg”" in the
solution greatly reduces the adsorption capacity of
the H,TiO;-lithium adsorbent'''). Besides, the
separation factor of Li" to Mg”" is not as high as

other alkali metal ions-'",

Therefore, sodium hy-
droxide was added to the simulation solution be-
fore adsorption. On one hand, it is to remove the
Mg®" ; on the other hand, it is to provide an alka-
line environment aimed for promoting the adsorp-
tion of Li" by the H,TiO,-lithium adsorbent [,
Concentrations of ions after removal of Mg”" are
shown in Tab. 2.

It is apparent that Mg?™ and Ca’" concentra-
tions are quite low (0. 0225 and 0. 0079 g « L'
for Mg?t and Ca®" , respectively) after removal of
Mg®" by adding sodium hydroxide. At adsorption
equilibrium, the concentrations of Mg*" and Ca®"
do not decrease but increase. This is because on
one hand, adsorption capacity of the adsorbent to
Mg*" and Ca®"is weak due to the low concentra-
tions in the initial solution; on the other hand,
with the proceeding of adsorption, H' is re-
leased, resulting in the increment of acidity in the
solution, which is detrimental to adsorption.
Some fine Mg (OH), and Ca (OH), particulates
are still existed in the solution after removal of
Mg®** and Ca”".

solution equilibrium moves to the right, which

With the increase of acidity, dis-

contributes to the increase of Mg*" and Ca®" con-
centrations in the solution. The two reasons men-
tioned above eventually lead to the improvement
of Mg®" and Ca’" concentrations after the adsorp-
tion of Li".

Selective adsorption is one of the most im-
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portant technical indicators of the adsorbent in or-
der to separate Li" from K", Na', Ca’" and
Mg*" in solution. In this work, the selective ad-
sorption of the adsorbent was studied under static
process. The distribution coefficient (K,) and the
separation factor of the adsorbent (af\‘}y) at room
temperature were calculated based on the ion con-
centrations in the initial and equilibrium solu-
tions. The definition of distribution coefficient

(Ky) and the separation factor (afj ) are given in

Eq. 1 and 2.
Tab. 1  Concentrations of ions in simulation of salt
lake brine
Ton species Li™ Na™ K+ Ca*t  Mg?"

0.5 50. 0 10.0 2.0

o
<

Concentrations/g * 7!

Tab. 2 Concentrations of ions in simulation of salt
lake brine after removal of Mg*" and Ca’"
Ton species Lit™ Na™ K" Ca?t  Mg?*

Concentrations of fons o) 60 59 9. 142 0.0225 0.0079
before adsorption/g « L™!

Concentrations of ions
oncentrations oLIONS 4 3363 59.92 9,011 0.0384 0.0215
after adsorption/g * L~}

The solid-to-liquid ratio in Tab. 2 is 3 g/200 mL, and the adsorp-
tion process is static.

m
m,
K,=— (D
ms
v
qu = Kaan
v Kaon)

(2)
where m,, m,, ms;, and V are the total mass of
metal ion in the adsorbent (g), the total mass of
adsorbent (g), the total mass of metal ion in the
equilibrium solution (g), and the total volume of
the solution (mL), respectively. K, and af\‘/’}( are
the distribution coefficient and the separation fac-
tor of the adsorbent, respectively.

From the above definition, K, is a parameter
related to the adsorption capacity of the adsor-
bent, and af(ﬂ"e is a measure of separation degree
between Li" and other alkali metal ions and alka-
line earth metal ions under the action of lithium
ion adsorbent. The degree of separation (af{/}() is

higher when the greater the adsorption capacity of

Li" and the smaller the adsorption capacity of
other metal ions are. The adsorption capacity,
partition coefficient (K,), and separation factor
(af{})r) are calculated according to the data in the
Tab. 2 using Eq. 1 and 2, and the specific results
are shown in Tab. 3.

Tab. 3 Selectivity of the adsorbent to the main ions in

salt lake brine

Ton species Lit Na™ K* Ca*t  Mg*"

Adsorption

) _ 8.25 31.33 8.73 1. 06 0.91
capacity/mg * g

1

Partition _ B
. _ 24.54  0.52 0.97 — —
coefficient/mL « g~!

Separation factor 1.0 47.2 25.3 —— —

As can been seen from Tab. 3, the adsorption
capacity of adsorbent for Li", Na®, K", Ca®’
and Mg®*" are 8. 25, 31.33, 8. 73, —1.06 and —0.

', respectively when the adsorption e-

91 mg g
quilibrium is reached. According to our previous
work™™, the adsorption capacity of the adsorbent
for Li” was 11. 26 mg « g 'when LiCl and sodium
hydroxide were used as the treated solution in the
same conditions. In comparison, the adsorption
capacity of adsorbent for Li" in the present work
is lower than that in our previous work™™. It is
because, on one hand, part of Li" is lost in the
process of removing Mg®"; on the other hand,
the other metal ions in the simulated saline lake
brine have a certain effect on the adsorption of
Li" by the H, TiO;-lithium adsorbent™!,

The partition coefficient K4 of Li" is calcu-
lated to be 24.54 mL + g
than that of Na® (0.52 mL » g ') and K" (0. 97

mL » g '). Li" to Na™ separation factor (a%,) is

', which is much larger

47.2, and Li" to K* separation factor (a%) is 25.
3, indicating that the adsorbent has a good selec-
tive adsorption to Li'. The phenomenon that
H, TiO;-lithium adsorbent has a high adsorption
capacity and selective adsorption to Li* can be ex-
plained by the characteristics of lithium ion sieve.
According to our previous work''*, adsorbent
preparation can be regarded as the extraction of

the objective LLi" with hydrochloric acid from the

lattice, accompanied by the entrance of H', en-
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suring the electrically neutral solution. The ex-
change sites that Li™ left due to extraction are
quite narrow. However, they have special selec-
tivity for accepting LiT because of the memory
effect. For other ions, they cannot occupy the
sites until the following two aspects are both
met. One is the similar ionic radius; the other is
the approximate energy of dehydration. The ex-
change sites are so narrow that Na (0. 102 nm),
K (0. 138 nm) and Ca (0. 100 nm) with ionic radi-
us larger than Li (0. 074 nm) cannot enter the ex-
change sites in the interlayer space due to steric
effectst*!. The radius of Mg*" (0. 072 nm) is close
to Li" (0. 074 nm), but a much higher energy is
required for the dehydration of Mg*" to enter the
exchange sites because the free energy of hydra-
tion for Mg (AG) = —1980 kJ * mol™') is more
than four times compared with that for Li (AG,=
—475 kJ + mol ),

4 Conclusions

Mg*" and Ca®" concentrations in the simula-
ted saline lake brine are quite low (0. 0079 and 0.
0225 g« L' for Mg*" and Ca®" , respectively) af-
ter removal of Mg®" as well as Ca®” by adding so-
dium hydroxide. The adsorption capacity of ad-

sorbent for Li"is 8. 25 mg « g '. The partition

coefficient (K,) of Li" reaches 24. 54 mL « g ',
which is much larger than that of Na™ (0. 52 mL
eg ) and K" (0.97 mL » g ).

aration factor (a¥%,) is 47.2, and Li" to K* sepa-

Li" to Na' sep-

ration factor (a%) is 25. 3. The synthesized ad-
The

characteristics above provide the possibility of se-

sorbent has an excellent selectivity to Li'.

lective extraction of lithium from the salt lake
brine in which lithium concentration is low using

the adsorbent.
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