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Dynamic adsorption and elution performances of
H,TiO;-lithium adsorbent loaded on ceramic foams
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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: H, TiO,-lithium adsorbent was loaded on cordierite-based ceramic foams by the sol-gel
process. The adsorption and elution of Li™ by the obtained samples were studied with the ion exchange
columns via the dynamic process. The effects of liquid flow speed, Li" concentration and single column/
multi columns on the adsorption capacity and enrichment factor of Li™ were studied. The results indicate
that it needs a long time for the lithium adsorbent loaded on ceramic foams to reach the leakage, and the
adsorbent has a high operational adsorption capacity. In a certain range, flow rate of the eluent does not
affect enrichment factor of Li* apparently. The adsorbent does not have the ability to enrich Li* with a
high concentration. However, it is capable for the adsorbent to enrich a low level of Li™. The enrich-
ment factor of Li" can at least reach 26. 55 times by adding hydrochloric acid to adjust pH of the effluent
liquid to equal to that of the original eluent and using the obtained liquid as the eluent repeatedly.
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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 "% are not suitable for lithium extraction
from the sea and salt lake brine that contain low
lithium concentrations. Lithium ionic sieves =%,
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. The most frequently used ti-
tanium lithium ionic sieve precursors are Li, TiO,
and Li,;Ti;O;,. Conventionally, Li, TiO; is ob-
tained via the solid-state reaction with TiO, and
Li,CO,. However, it is difficult for powdery
Li, TiO; to be used in engineering because it suf-
fers from the separation of small solid particles
from liquid, washing and regeneration. In order
to solve this problem, some researchers have
made attempt to use the binder to bond the
Li, TiO; powders together to form a granular
Li, TiO; aggregate. But it will greatly reduce the
adsorption efficiency of the adsorbent because the
binder will shield the Li, TiO; powders due to the
shielding effect. Besides, the following acid and
alkali treatment will destroy the structure of the
binder. Ceramic foams with high permeability,
high porosity and high specific surface are cur-
rently widely used in filters, catalyst support,
construction, and bone scaffold materials, etc
L1 To address the problem mentioned above,
loading Li, TiOs powders on ceramic foams with a
high open porosity is contributed to realize ad-
sorption, elution and regeneration in ion exchange
column. In this work, the sol-gel process and cal-
cination method were used to load Li, TiO; pow-

ders on ceramic foams, followed by modification

with dilute hydrochloric acid to obtain H, TiO;-
lithium adsorbent loaded on ceramic foams.
What’s more, ion exchange columns were used to
study the dynamic adsorption and elution per-

formances of the synthesized adsorbent.

2 Experiment

The specific preparation process of H,TiO,-
lithium adsorbent loaded on ceramic foams was
according to our previous work 1. Glass col-
umns with a sand core, teflon switch and a size of
®50 % 500 mm were customized, and then the
H, TiO;-lithium adsorbent loaded on ceramic
foams was placed in the ion exchange columns.
The dynamic adsorption and desorption experi-
ments in the columns were carried out by pum-
ping the treated solution and hydrochloric acid in-
to the columns respectively at a desired speed.
Lithium resources in the salt lake brine are mainly
existed in the form of lithium chloride which co-
exists with alkali metal and alkaline earth metal i-
ons. So, studies on dynamic adsorption and de-
sorption in the columns were carried out by em-
ploying lithium chloride as lithium source. Ac-
cording to our previous work 1%, it is known
that alkaline environment is more conducive to the
adsorption process, and thus sodium hydroxide
was used to adjust pH of the solution to promote
the adsorption process.

In the adsorption process, lithium chloride
with a desired Li'" concentration was used as the
treated solution whose pH was adjusted to be
13. 86 by sodium hydroxide (NaOH, 0. 286 M).
In the elution process, hydrochloric acid with a
concentration of 0. 25 M was employed as the elu-
ent at 25 °C. During the tandem adsorption, three
columns were connected in series and the con-
stant-flow pump was used to control the flow rate
of liquid. The outflow liquid was collected in a
beaker at intervals, and the concentration of Li”
in the effluent was measured by a flame photome-
try (FP640, Shanghai Aopu Analytical Instru-
ments Co. , Ltd. , China).
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3 Results and Discussion

3.1 Effect of the liquid flow rate on adsorptive
capacity of the adsorbent

Tab. 1 shows the effect of liquid flow speed
on the adsorption capacity of the adsorbent. It
can be seen from Tab. 1, the adsorption capacity
of the adsorbent decreases from 34. 87 to 32. 74
mg ¢ g ' when the flow speed of the liquid increa-
ses from 1 to 4 mL » min~'. The reduced propor-
tion is not apparent, which indicates that, in a
certain range, the flow speed of the liquid has lit-
tle effect on the adsorption capacity of the adsor-
bent. This also shows that the adsorption of lithi-
um ion by the adsorbent is fast, which is helpful
for realization of its application in engineering.

Tab. 1 Effect of the liquid flow rate on adsorptive ca-

pacities of the adsorbent

Liquid flow rate /mL « min~!  Adsorptive capacity /mg * g~ !

1 34.87
2 33.08
4 32.74

In Tab. 1, the concentration of Li" is 0.50 g« L',

3.2 Effect of concentration of Li*

Tab. 2 gives the effect of Li" concentration
on the adsorption capacity of the adsorbent. It is
apparent that the corresponding adsorption capac-
ity increases from 26. 62 mg *+ g ' to 33. 08 and

40.34 mg * g ' when Li" concentration increases

from 0.25 g+ L™ t00.50 and 1.0 g » L™', which
illustrates that Li" concentration has a significant
effect on the adsorption capacity. This is be-
cause, with the increase of concentration of lithi-
um ion in solution, on one hand, Li~ adsorption
probability on the adsorbent surface is increased;
on the other hand, concentration difference be-
tween the adsorbent surface and Li" in the solu-
tion increases, thereby, the amount of Li" ad-
sorbed on the surface of adsorbent is increased
when the adsorption equilibrium is reached.

Tab. 3 presents Li™ concentration in the outflow
liquid and the corresponding volume at a flow rate of
4 mL « min~'. It can be seen that it needs a longer
time to reach adsorption equilibrium when Li" con-
centration in the adsorption solution is lower. This is
because the concentration difference between the ad-
sorbent surface and Li~ in the treated solution is
small when the concentration of Li" is low, and the
speed of Li" reaching the adsorbent surface by diffu-
sion is slow, which contributes to a longer time to
reach adsorption equilibrium.

Tab. 2

Effect of Li" concentration on adsorptive ca-

pacities of the adsorbent

Li" concentration /g« L7} Adsorptive capacity /mg e+ g~ !

0.25 26.62
0.50 33.08
1. 00 40. 34

In Tab. 2, the liquid flow rate is 2 mL * min~ !,

Tab. 3 Effect of Li™ concentration on the adsorption performance of the adsorbent

Serial LiCl (0.25 g+ L ') + NaOH (0. 286 M)

LiCl (1.00 g« L™ 1) + NaOH (0. 286 M)

number  Volume of outflow liquid /mL

Li" concentration /g« L7}

Volume of outflow liquid /mL.  Li" concentration /g« L'

1 0-148 (148) 0. 000889
2 148-662 (514) 0.010889
3 662-996 (334) 0.004889
4 996-1225 (229) 0.001332
5 1225-1417 (192) 0.001333
6 1417-1634 (217) 0.001558
7 1634-3217 (1583) 0. 006665
8 3217-3646 (429) 0.029333
9 3646-4147 (501) 0.102216
10 4147-4479 (332) 0. 14666
11 4479-4714 (235) 0.16889
12 4714-5030 (316) 0.19111

13 5030-5109 (79) 0.19111

0-131 (13D
131-628 (497) 0.012

0.001111

628-960 (332) 0.012446
960-1185 (225) 0.001778
1185-1375 (190) 0.012889
1375-1588 (213) 0.13333
1588-3149 (1561) 0.7644
3149-3573 (424) 0.94222
3573-4067 (494) 0.94222
4067-4384(317) 0.94222
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3.3 Adsorption with three columns in series

Tab. 4 is the result of lithium adsorption with
three columns in series when the speed of adsorp-
tion liquid is 4 mL *« min~'. The leakage point can
be defined when the concentration of lithium ion
in the effluent reaches 0.01 g « L™'. Known from
Tab. 4, leakage occurs when the volume of the
outflow liquid reaches 5200~5300 mL (NO. 12).
The Li" concentration is 0. 4622 g « L' when the
outflow volume runs up to ~11000 mL, which in-
dicates that H, TiO;-lithium adsorbent loaded on
ceramic foams completely losts adsorptivity. The
data of adsorption of lithium ion in Tab. 4 show
that it needs a long time for the lithium adsorbent
loaded on ceramic foams to reach the leakage
point, and the adsorbent has a high operable ad-
sorption capacity, which is beneficial to its appli-
cation in engineering.

Tab. 4 Adsorption experiment with three columns

in series

. Li" concentration
Serial number Volume of effluent /mL

/g L7!
1 0-49 (49) 0.014
2 49-240 (191) 0.01889
3 240-284 (44) 0. 02089
4 284-1668 (1384) 0.02044
5 1668-1793 (125) 0.001778
6 1793-2079 (286) 0.001778
7 2079-2551 (472) 0.001778
8 2551-2763 (212) 0.001778
9 2763-3138 (375) 0.001778
10 3138-3438(300) 0.001778
11 3438-5245 (1807) 0.003556
12 5245-5318 (73) 0.01067
13 5318-5858 (540) 0.03044
14 5858-6080 (222) 0.10889
15 6080-6368 (288) 0.16444
16 6368-6650 (282) 0. 22222
17 6650-8060 (1410) 0. 32
18 8060-8364 (304) 0. 40444
19 8364-8787 (423) 0. 40444
20 8787-9111 (324) 0. 44
21 9111-9495 (384) 0. 44
22 9495-11095 (1600) 0.4533
23 11095-11701 (606) 0.4622
24 11701-11988 (287) 0.4622

3.4 Effect of the flow speed of eluent on enrich-
ment factor of Li"

Tab. 5 gives the enrichment factor of Li"

when the flow rates of eluent are controlled to be

", respectively. It can be

1, 2 and 4 mL « min~
seen from Tab. 5 that the enrichment factor chan-
ges little when the flow rates of eluent increase
from 1 to 4 mL *» min ', indicating that the adhe-
sion of Li™ on the adsorbent surface is not strong
and can easy to be eluted under the action of di-
lute hydrochloric acid. This performance is also
helpful for realization of its application in engi-
neering. However, it is worth mentioning that

the enrichment factor is low when Li" concentra-

tion in the original solution is 0.50 g « L™ ',
Tab.5 Effect of the liquid flow rate on enrichment

ratio of Li"

1

Flow rate /mL « min— Enrichment ratio of Li"

1 1.82
2 1. 81
4 1.76

In Tab. 5, Li" concentration in the original solution is 0. 50 g« L',

3.5 Effect of Li* concentration in the original adsorp-
tion solution on the enrichment factor of Li*
Tab. 6 shows the effect of Li" concentration
on the enrichment factor of lithium ion in the a-
queous solution. From Tab. 6, it can be observed
that the enrichment factor of Li" in the eluent
changes obviously from 3. 154 to 1. 81 and 0. 899

" concentration in the original solu-

times with Li
tion increasing from 0. 25 g« L. 'to 0. 50 and 1. 00
g+ L '. It can be concluded that the adsorbent
does not have the ability to enrich a high concen-
tration of Li" and shows a certain ability to enrich
Li" with a low level, which is consistent with the
work of professor Zhong [**.

Tab. 6

Effect of concentration of Li" in the initial so-

lution on enrichment ratio of Li"

Li" concentration in the . . .
Enrichment ratio of Li"

original solution /g« L 7!

0.25 3.154
0.50 1.81
1. 00 0.899

In Tab. 6, the liquid flow rate is 2 mL ¢ min~ !,



%64

KRBT, F. AARERBHAKRALZE FTRHAN G SRM kLI EFR 1279

3.6 Improvement of the enrichment factor of Li*

It can be observed from Tab. 6 that Li" en-
richment factor is not high when only primary e-
lution solution is used. It is because, with the
proceeding of adsorption, pH of the solution de-
creases, which is detrimental to Li" adsorption
514 " 1n order to further improve the enrichment
factor of Li" in the leaching liquid, repeated
adding hydrochloric acid into the leaching solution
was carried out. To study the effect of leaching
solution after adding hydrochloric acid to bring
the acidity of the elution liquid after elution back
to that of 0. 25 M hydrochloric acid on Li" enrich-
ment factor, the mixed solution of different con-
centrations of LiCl and hydrochloric acid (the
concentration of hydrochloric acid was fixed to
0.25 M) was used as the leaching solution to e-
lute Li" from the adsorbent which reached ad-
sorption equilibrium (Li* with a concentration of
0.1 g » L "and NaOH with 0. 286 M were em-
ployed in the adsorption process), as shown in
Tab. 7. As can be seen from Tab. 7, Li* adsorbed
on the adsorbent still can be eluted when Li" con-
centrations in the solution increase from 1.0 g °
. -'t0 1.5, 2.0 and 2. 5 g « L.”', and the incre-
mental quantities of Li™ concentration are 0. 217,
0.187, 0. 164 and 0. 155 g « L™', respectively.
The absolute value of the increase of Li" concen-
tration in the eluted solution is continuously de-
creasing with the increment of Li" level. It is be-
cause the adsorption and desorption process of
Li" exist simultaneously in the solution. Under
strong acidic condition, desorption process is
greater than the adsorption process, thus the lev-
el of Li"in the eluted equilibrium solution is high-
er than that in the initial solution. However,
with the increase of Li™ concentration in solution,
adsorption process gradually strengthens, as a re-
sult, the absolute value of the increased Li* con-
centration is decreasing.

Tab. 7 shows that with LiCl (0. 1 gLi® -
L") and NaOH (0. 286 M) for the primary ad-
sorption solution, adsorbent which reaches the

adsorption equilibrium is desorbed by adding hy-

drochloric acid to adjust the acidity of effluent lig-
uid after elution to equal to that of 0. 25 M hydro-
chloric acid. Repeatedly, the concentration of Li”
in the elution solution can reach at least 2. 655 g
e L.

Li" after elution can reach at least 26. 55 times. It

That is to say, the enrichment factor of

can be concluded that the prepared lithium ion ad-
sorbent has a high enrichment ability for Li" with
a low concentration. This provides the possibility
for the enrichment of Li" from the salt lake brine

and sea water that contain low lithium concentra-

tions.

Tab.7 The results of the experiment in which vari-
ous concentrations of LiCl and hydrochloric
acid (0. 25 M) were used as the eluent

Serial Li" concentra-  Concentrations Li" concentrations in
number tions in LiCl so-  of hydrochloric  the elution equilibri-
lution /g« ™! acd /M um solution /g« L7}

1 1.0 0.25 1. 217

2 1.5 0.25 1. 687

3 2.0 0.25 2.164

4 2.5 0.25 2.655

4 Conclusions

It needs a long time for the lithium adsorbent
loaded on ceramic foams to reach the leakage
when being placed in columns to adsorb LiT. A
large operable adsorption capacity in columns can
be achievable, and the desorption rate of Li' is
relatively fast. The adsorbent does not have the
ability to enrich a high concentration of Li',
however, it is capable for the adsorbent to enrich
Lit with a low level. The enrichment factor of
Li" can at least reach 26. 55 times (with an initial
concentration of 0.1 gLi" + L™') when concen-
trated hydrochloric acid is added into the effluent
liquid to adjust pH back to that of 0. 25 M hydro-
chloric acid, and the obtained liquid is used as the
eluent repeatedly. It is possible for extraction and
enrichment of lithium from the sea water and salt
lake brine in which lithium ion concentration is

low using the adsorbent.
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