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Mechanism of lithium adsorption by AILi-LDH with Al—O octahedral ring
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Abstract: Aluminum—Ilithium layered double hydroxide (AILi-LDH) was synthesized using a co-precipitation method
for Li* adsorption. AILi-LDH crystallized in space group of P32 or C2/m, where the microstructure had regular
spherical shapes with diameters of 5—10 pm. The space group of AILi-LDH only belonged to P32 after Li* adsorption.
The Li" adsorption from a solution with a Li* concentration of 95.4 mg/L reached 8.98 mg/g after 1 h. The adsorption
amount increased to 16.50 mg/g after 48 h, where the Li" adsorption capacity determined by applying the second-order
adsorption model was 17.57 mg/g. The Mg?'/Li* separation coefficient was 29536 when the mass ratio of Mg?* to Li*
was 1067. The interaction strength of Li—O was weaker for AILi-LDH in the P32, where the interaction occurs via the
electrostatic effect. The Li* adsorption and desorption occurred more readily in AILi-LDH belonging to P32 space

group.
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1 Introduction

Lithium has attracted considerable attention
in recent years because of the rapid development
of lithium batteries [1—3]. Salk lake brines are
the most important lithium resources, where
approximately 70% of industrially available lithium
resources are contained in brines around the world.
The main cations in salt lake brines are Na*, Mg?",
K*, Li*, Ca*, etc [4—7]. Lithium can be separated
from solution by membrane processes, liquid—
liquid extraction, adsorption, electrochemical
methods, and so on [§—10]. Among these methods,
adsorption can be used to separate lithium from
salt-lake brines with low energy consumption.

As adsorbent materials, lithium—alumina
layered double hydroxides (AlLi-LDH) can
simultaneously absorb Li" and anions [11,12].
Moreover, the desorption of lithium can be
achieved using hot water, which avoids pollution of
the salt-lake brine generated by the acid washing

process. The general chemical formula of AlLi-
LDH is LiX-2Al(OH)s;-nH,O, where X represents
Cl, OH", CO3, SO, etc. The side view of layers
is shown in Fig. 1(a). Water molecules and anions
are distributed between layers [13]. As shown in
Fig. 1(b), the AI’" cation is surrounded by six
hydroxyl groups in an octahedral arrangement, and
these octahedra share edges to form sheets [14,15].
Li* is surrounded by the Al-O octahedral
arrangement. Some of the lithium ions can be
washed out, and the vacancies can selectively
adsorb lithium ions. The structure of AlLi-LDH was
previously studied using Rietveld refinement of the
X-ray and neutron powder diffraction patterns
with Fullprof [16]. The sheets of AlLi-LDH form
two different stacking structures: hexagonal and
rhombohedral [17-19]. Many researchers have
studied the efficacy of AILi-LDH for separating
lithtum from impurity ions. PARANTHAMAN
et al [20], reported that AILi-LDH preferred to
adsorb Li*, and the selectivity coefficients of
Li*/Na" and Li*/K* were 47.8 and 212, respectively.
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Fig. 1 Crystal structure of AILi-LDH: (a) Side view of
layers; (b) Top view of layers

Fe-doped AILi-LDH was synthesized by LI
et al [21], and the adsorption experiments showed
that the material had an adsorption selectivity to Li*
with the ion-selective sequence of Li™>>Mg*™>
Na™>K"™>Ca?". It is difficult to separate Li" from
Mg?* since the Mg?*/Li* ratio of salt lakes in China
can be more than 1000 [22—25]. ZHONG et al [11]
showed that the Li* adsorption capacity of
AILi-LDH was 4.92 mg/g and the Mg?"/Li* mass
ratio declined from 301.58 to 0.99 after the
adsorption process. The effectiveness of LDH-
doped Fe3Os materials for the Li" adsorption was
studied by CHEN et al [26], where the adsorption
capacity was approximately 5.83 mg/g, and the
Mg?"/Li" ratio decreased from 284.00 to 2.10.

The Mg?'/Li" ratio of the solution for
separation experiments was 1067 in this work. The
relationship between the adsorption capacity and
space group of AILi-LDH was investigated. AlLi-
LDH was synthesized via a co-precipitation method
using lithium hydroxide and sodium aluminate
solutions. X-ray powder diffraction (XRD), Le Bail
refinement analysis, and X-ray photoelectron
spectroscopy (XPS) were used to study the structural
characteristics of the products. The microscopic
morphologies of the materials were analyzed
using scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). An LDH
cluster model was established, and the independent
density gradient analysis method (IGM) was used to
study the interaction between lithium and oxygen
atoms using Multiwfn [27—-29]. The results of this
study can be used as a guide for constructing
AIlLi-LDHs with a high capacity for Li".

2 Experimental

2.1 Synthesis of AILi-LDH
Analytically pure reagents (LiOH-H,O, NaOH,

and NaAlO,) were used to synthesize AILi-LDH.
Sodium aluminate solution was prepared using
NaOH and NaAlO,. The concentration of aluminum
in the sodium aluminate solutions was measured on
the basis of AlOs (1740); the concentrations were 80,
100, and 150 g/L, respectively. The concentrations
of LiOH were 18.82, 23.53, and 35.29 g/L,
respectively. To synthesize AILi-LDH, the lithium
hydroxide and sodium aluminate solutions were
mixed using a constant flow pump. The molar ratio
of Li":AI*:OH™ was 1:2:7. When lithium hydroxide
solution was dropped into the sodium aluminate
solution, the product was defined as P1. When
sodium aluminate solution was dropped into the
lithium hydroxide solution, the product was defined
as P2. The solution was mixed and stirred for 3 min
at room temperature, after which the product was
aged in the mixed solution for 8 h at 80 °C. The
synthesized AILi-LDH was washed to neutrality
with hot water and then dried at 80 °C for 2 h.

2.2 Structural analysis

XRD data were collected using a Shimadzu
XRD—-6000 diffractometer with Cu K, radiation
(Acw=1.54056 A). The data were recorded in the 26
range of 5°-90°. The phase compositions of the
products were determined by Jade using the
database PDF2-2004. During analysis, the
background was subtracted using the cubic spline
method. Le Bail fitting was performed using
Fullprof to analyze the structural characteristics of
AILi-LDH. XPS was also used to investigate the
interactions between the Al, O, and Li atoms using
Thermo Scientific K-Alpha. The microscopic
morphology of the products was analyzed using
Shimadzu SSX-550 and FEI Tecnai F20
instruments. Analysis and visualization of the AlLi-
LDH clusters were carried out using Multiwfn3.6
and Visual Molecular Dynamics [30,31].

2.3 Adsorption performance

Analytical reagent (AR) grade lithium chloride
and magnesium chloride were used for the
separation experiments; the pH of the mixed
solution was 6.80. The adsorption experiments were
carried out in a thermostatic water-bath at 25 °C
with a stirring speed of 200 r/min. The mass ratio
of Mg*" to Li* was calculated according to Eq. (1).
Equations (2) and (3) were used to obtain the
partition and separation coefficients. The adsorption
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amount was calculated according to Eq.(4). The
adsorption kinetics were studied using the Li*
adsorption experiments with P1-LDH in a pure
lithium solution. The adsorption time varied from
10 min to 48 h. The initial Li" concentration was
1.00 g/L. The mass of P1-LDH was 2 g, and the
volume of solution was 100mL during the
adsorption process. The adsorption data were
studied wusing pseudo-first-order and pseudo-
second-order models according to Egs. (5) and (6).
Inductively coupled plasma-optical emission
spectroscopy (ICP-OES) was used to measure the
ion concentration.

Li+ mmg2+ (1)
ﬁMg2+ - er
¢ —c )V
Kd:(oc—m) )
" KLI
Lt _ ©d
Mgz+—K§Ag 3)
Vic,—c
qt:(OTt) (4)
In(g. —q,)=Ing, —kt (5)
Lo Ly L (©6)
qt kzqe qe

it . . .
where ﬂ]\Ldlg% is the mass ratio of Mg** to Li';
m . is the mass of Mg*" in solution; m, . is the

mass of Li" in solution; ¢y and c. (mg/L) are the
initial and equilibrium concentrations of the metal
ion in solution, respectively; ¥ (mL) is the volume
of solution; m (g) is the mass of AILi-LDH; Ky is

the partition coefficient; aﬁ;h

coefficient of Mg?'/Li"; ¢, (mg/L) is the residual
cation concentration in the solution at time #; g.
(mg/g) is the adsorption capacity at the adsorption
equilibrium state; ¢: (mg/g) is the adsorption
amount at time ¢, k1 and k» are the adsorption
constants.

is the separation

3 Results and discussion

3.1 Characteristics of AILi-LDH crystal structure

There are three types of ions in the sodium
aluminate solution: Na®, OH", and aluminate
anions. Common aluminate anions are Al(OH),,

AI(OH); , and AI(OH); . The transformations
among different aluminate anions are shown in
Egs. (7) and (8). The Al(OH); formation processes
are shown in Egs. (9), (10), and (11). Equations (12),
(13) and (14) show the formation of AILi-LDH
during the solution-mixing process. The Al(OH)3
and AlLi-LDH formation processes are shown in
Egs. (15), (16), and (17). The XRD patterns of P1
and P2 are shown in Figs.2 and 3, respectively.
Based on the comparison with the characteristic
peaks of cards 81-1573, 31-0704, 77-0250, and
72-0623, P1 contained only AlLi-LDH and P2
contained both AI(OH); and AILi-LDH. Therefore,
AI(OH); and AILi-LDH were simultaneously
formed when sodium aluminate solution was
dropped into the lithium hydroxide solution. When
the lithium hydroxide solution was dropped into the
sodium aluminate solution, the transformations
among the aluminate anions may prevent the
formation of Al(OH);. Thus, P1 contains only
AlILi-LDH. The phase compositions of P1 and P2
do not change after the Li" adsorption when 70
was 80, 100, and 150 g/L, respectively.

AI(OH); +20H™ = AI(OH)}~ (7)
AI(OH)}"+20H™ = AI(OH);~ (8)
AI(OH); —OH = AI(OH), 9)
AI(OH)}™ —30H™ = AI(OH), (10)
AI(OH)}™ — 50H™ = Al(OH), (11)
Li* +2A1(0H); +2H,0 —
[LiAl(OH)s]OH-2H,0+OH" (12)
Li* + 2AI(OH)} +2H,0 =
[LiAl,(OH)s]OH-2H,0+50H" (13)
Li* + 2AI(OH)S +2H,0 =
[LiAly(OH)s]OH-2H,0+90H" (14)

Li" +3Al(OH), +2H,0 =
[LiAl,(OH)s]OH-2H,O+Al(OH);+20H™ (15)

Li* +3AI(OH)}” +2H,0=
[LiAly(OH)s]JOH-2H,0+AI(OH):+80H™  (16)

Li" +3A1(OH); +2H,0=
[LiAl,(OH)s]OH-2H,O+AI(OH);+140H™ (17)
As shown in Fig.S1 in Supplementary

Materials (SM), the strongest crystal orientations of

AlLi-LDH with space group P32 are the (003),
(006), (112), (115), and (118), with the (003) plane
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Fig. 3 XRD patterns of P2 before (a, ¢, €) and after (b, d, f) Li" absorption
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being most prominent. The (001), (002), (131),
and (132) planes correspond to crystal orientations
of AILi-LDH in space group C2/m, where the
highest peak is observed for the (001) crystal
orientation. The characteristic peaks of AlLi-LDH
in the products match well with the peaks of cards
81-1573 and 31-0704. However, it is difficult to
determine whether the characteristic peak at
260=11.72° represents (003) or (001) crystal
orientation. It is also difficult to assign the crystal
orientation of the characteristic peaks at 26=23.60°
and 36.04°. The Le Bail fitting method was used to

1325

analyze the XRD patterns to determine the
structural characteristics of P1 and P2. The initial
crystal structure information of AlLi-LDH is
obtained from cards 81-1573 and 31-0704. The
analysis results are shown in Figs. S2 and S3 in SM.
The Chi2 values are all approximately 2.00,
suggesting a good fit. According to the Le Bail
fitting results, AILi-LDH crystallizes in both the
P32 and C2/m space groups, as shown in Figs. 4(a)
and 5(a). Before the Li" adsorption, the main
orientations of P32-type AlLi-LDH are (006), (112),
(115), and (118), whereas the main orientations of

| P32 | C2m | P32 | C2/m
(006) 120=80 g/L wiﬂl NA0=80 g/L (003) N40=80 ¢/L 140=80 g/L
(006)
(II‘Z')“.)(I‘IX) (nl_)l (118) wi”)

0000 b 0 1 o ! ” il [“l"IHIL‘ ey ORER L T
20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80
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Fig. 4 Le Bail fitting data of P1: (a) Before adsorption; (b) After adsorption
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Fig. 5 Le Bail fitting data of P2: (a) Before adsorption; (b) After adsorption
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C2/m-type AILi-LDH are (001), (002), and (131).
The characteristic peaks of C2/m-type AlLi-
LDH clearly became less intense after the Li*
adsorption.

Table S1 in SM gives the lattice parameters
from cards 81-1573 and 31-0704. The Le Bail
fitting results for the lattice parameters are given in
Tables S2 and S3 in SM. To clarify this variation,
maps are used to display the cell volumes. The
P32-type AILi-LDH is represented by P1-LDHI
and P2-LDH1. P1-LDH2 and P2-LDH2 represent
AlLi-LDH with space group C2/m. The cell
volumes of LDH1 (P1-LDHI, P2-LDH1) and LDH2
(P1-LDH2, P2-LDH2) are shown in Figs. 6(a) and

Yong-pan TIAN, et al/Trans. Nonferrous Met. Soc. China 34(2024) 1321-1332

6(b), respectively. The cell volumes of P1-LDHI,
P1-LDH2, P2-LDHI1, and P2-LDH2 decrease after
the Li" adsorption when nao are 80, 100, and
150 g/L, respectively. Al(OH); with space group of
C2/m and P-1 of P2 is represented by P2-AH1 and
P2-AH2, respectively. The Le Bail fitting results for
the lattice parameters of Al(OH); are shown in
Table S4, Figs. S4, and S5 in SM. The calculated
results are similar to the values from the standard
cards (Fig. S6 and Table S5 in SM). The cell volume
of AI(OH); also decreases after the Li" adsorption.
Thus, A1(OH); can also adsorb lithium ions.

The full XPS profile of AILi-LDH (P1, nao=
150 g/L) is shown in Fig. 7(a). The Al 2p, O 1s,

. (a) Il Before adsorption 350 | (b) Il Before adsorption
512k [ After adsorption | After adsorptlon
= LDH]P2 LpH1 PI-LDHI po. pH1 P1-LDH2 P2-LDH2 p2 LoH2 TLLPH2 by 1 DH2

e« 5101 e Lo 340 -
3 =
()
g 508 - E 330
S 506t E
= > 3201
O 504 8

502} 310y

500 3()0

0
O 100 100
Nao/(g-L™") Mao/(g-L™")
Fig. 6 Cell volumes of LDH]1 (a) and LDH2
(@ (®)
Ols
744 eV
Lils
Cls Al2p \\
1200 1000 800 600 400 200 O 84 80 76 72 68
Binding energy/eV Binding energy/eV
(©) (d (e)
5541V 284.8 eV
—OH
S319 eV
Al=0
531.7eV 285.4 eV
H,0 289.1 eV
5335 eV s
60 58 56 54 52 50 534 533 532 531 530 529 294 291 288 285 282
Binding energy/eV Binding energy/eV Binding energy/eV

Fig. 7 XPS analysis results of AILi-LDH: (a) Over-view; (b) Al 2p; (c) Li Is; (d) O 1s; (e) C 1s
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Cls, and O 1s peaks indicate the successful
synthesis of AlLi-LDH. Figure 7(b) presents a peak
at 74.4 eV which is assigned to the characteristic
peak of Al2p. The characteristic Lils peak is
shown in Fig. 7(c). The O 1s spectrum (Fig. 7(d)) is
split into three peaks: the peak at 531.7eV is a
characteristic metal—O peak (Al—O and Li—O);
the peak at 531.9 eV is characteristic peak of the
hydroxyl (—OH) group; the peak at 533.5¢eV is a
characteristic peak of H>O. The C Is spectrum
(Fig. 7(e)) is divided into three peaks: the peak at
284.8 eV is assigned to the C—C bond of aliphatic
carbon, the peak at 285.4 eV is assigned to the
C—O0 bond, and the peak at 289.1 eV is assigned to
the C=0 (CO,) group. The presence of C—O and
C=0 bonds indicates the presence of CO; in
AILi-LDH. The generation of CO;” may be due to

10pm

reactions between the interlayer hydroxide ions and
CO: in the air.

3.2 Microstructural characteristics of AILi-LDH

The microstructure of P1 is shown in Fig. 8
when #7a0 values are 80, 100, and 150 g/L. The
P1 particles have consistent shapes and
sizes comprising micrometer-sized spheres of
approximately 5—10 um in diameter. Clusters of
microspheres are formed by agglomeration. The
microstructure of P1 does not change after the Li*
adsorption.

The TEM images are shown in Fig. 9. The
layer stacking phenomenon becomes more apparent
after adsorption, where the crystalline grains
display a hexagonal structure (Figs. 9(b, €)). As
evidenced by the Le Bail fitting results, AILi-LDH

10pm

Fig. 8 SEM images of P1 synthesized with different #a0: (a) 80 g/L, before adsorption; (b) 80 g/L, after adsorption;
(c) 100 g/L, before adsorption; (d) 100 g/L, after adsorption; (e) 150 g/L, before adsorption; (f) 150 g/L, after adsorption
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Fig. 9 HRTEM images of AILi-LDH (P1, 7a0=150 g/L): (a, b, ¢) Before adsorption; (d, e, f) After adsorption

transforms from C2/m-type (81-1573) to P32-type
(31-0704) after the Li* adsorption. As shown in
Figs. 9(c, f), the interlayer spacings of crystal
orientations (131) of 81-1573, (111) of 81-1573,
and (100) of 31-0704 are 2.48, 2.54, and 4.41 A,
respectively. The interlayer spacings of crystal
orientations (003), (100), (118), and (112) of
31-0704 are 7.57, 4.41, 1.89, and 2.49A,
respectively.

3.3 Adsorption performance of AILi-LDH

The Li" adsorption curve with P1-LDH for
time ranging from 10 min to 48 h in a pure lithium
solution is shown Fig. 10; the kinetic analysis
results are shown in Fig. 11. After adsorption for
48 h, the Li" adsorption amount was 16.50 mg/g.
The correlation coefficient (R?) represents the
matching degree between the adsorption process
and model. For the Li" adsorption by P1-LDH, the
R? of the second-order adsorption model is greater
than that of the first-order adsorption model. The
adsorption capacity predicted by applying the
second-order adsorption model is 17.57 mg/g,
which is slightly higher than the adsorption amount
at 48 h. However, the Li" adsorption capacity
predicted by the first-order adsorption model is

—_
(=)}
T

-

—_
\S}
T

Li* adsorption amount/(mg-g™")
&~ )

(==}
T

0 500 1000 1500 2000 2500 3000
Time/min

Fig. 10 Lithium adsorption curve by P1-LDH in pure
lithium solution

14.05 mg/g, which is much smaller than that at 48 h.
Therefore, the P1-LDH adsorption process can be
described by the pseudo-second-order model, which
suggests that the adsorption efficiency is controlled
by the chemical adsorption process.

A mixed solution of LiCl and MgCl, with
initial Mg?" and Li" concentrations of 101.8 g/L and
95.4 mg/L, respectively, was prepared, where the
mass ratio (,BI\L,[ig) was 1067. The amount of lithium
ions adsorbed by the added AILi-LDH is 1.23
times the total amount of lithium ions in the solution
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Fig. 11 Fitting curves of kinetics models for Li*
adsorption process by P1-LDH: (a) Pseudo-first-order;
(b) Pseudo-second-order

(Table 1). At adsorption time of 1, 2, 4, and 24 h,
the Li" adsorption efficiencies are 59.88%, 56.78%,
57.63%, and 58.50%, respectively. The amount of

* adsorbed is in the range of 8.51-8.98 mg/g
when the adsorption time is extended from 1 to 24 h.
Thus, the maximum Li" adsorption amount is
reached within 1 h under the current experimental
conditions. After an adsorption time of 1h, the
Mg?* adsorption amount is 0.87 mg/g and the
ﬁI\L,[ig of the final solution is 0.10. The Mg?"/Li*
separation effect is the best at this time and the
separation coefficient a » 18 29536. When the
adsorption time is extended to 24 h, the Mg*
adsorption amount increases to 0.37 mg/g and the
separation coefficient decreases to 7505. Thus, the
extension of adsorption time can promote the Mg?*
adsorption and decrease the separation effect of
Mg?*/Li*. The adsorption amount of AILi-LDH in
Fig. 10 is different with the data in Table 1. The
difference may be caused by the
concentrations of Li* and impurity ions in the
solution.

initial
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Table 1 Results of separation experiments
Timeh g/(mgg") qM/mgg") ope B
1 8.98 0.87 29536 0.10
8.51 3.26 6883 0.38
4 8.64 3.87 6024 0.45
24 8.77 3.22 7505 0.37

3.4 Interaction analysis of Li—O in AILi-LDH
AILi-LDH with space group C2/m is a
monoclinic crystal system, whereas the P32
congener is hexagonal. The lithium ion is located
at the center of the aluminum—oxygen octahedral
structure and interacts with six surrounding
hydroxide ions constituted by Os9, Oso, Osi, Osy,
Os3, and Osg4, as shown in Figs. 12(a, b). The IGM
method is originally proposed based on promolecular
density. Thus, it can be used to analyze the
interactions according to the geometric structure
information of cards 81-1573 and 31-0704. The
Al-O-Li structural unit and IGM data are shown
in Figs. 12(c, d). These interactions can be divided
into three types: strong electrostatic interactions
(blue), van der Waals interactions (green), and
strong repulsive interactions (steric effect, red). As
shown in Table 2, Li—O bond length is 2.095 A in
P32-type AlLi-LDH. The interaction strength
among the central lithium ion and the surrounding
six hydroxide ions are almost the same. This

HO Li Al

Strong attractive ~ van der Waals  Strong repulsion
interaction interaction steric effect

Fig. 12 Crystal structure and IGM analysis results for
LDH1 and LDH2: (a) LDH1, hexagonal, P32; (b) LDH2,
monoclinic, C2/m; (c) IGM for LDHI; (d) IGM for
LDH2
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Table 2 Li—O bond lengths of AlLi-LDH with monoclinic (C2/m) and hexagonal (P32) crystal systems (A)

Space group Liss—0Oa9 Liss—Oso Liss—Os; Liss—Os Liss—Os3 Liss—Os4
C2/m 2.281 2.281 2.281 2.281 1.523 1.523
P32 2.095 2.095 2.095 2.095 2.095 2.095

interaction is attributed to the electrostatic effect.
The Li—O bond lengths are 2.281 and 1.523 A
when the space group is C2/m. Owing to the shorter
distance, Liss—O$™ and Lis,—O0S"  have
greater interaction strengths than Lis;—O05™,
Liss—O5™, Ligs—O$¥™, and  Liss—057™". The
red region stands for the steric effect between the
central lithium ion and hydrogen atoms of the
hydroxide ions, which are located around the blue
region.

As shown in Table 3, Li—O forms tetrahedral
or octahedral structures in lithium aluminate,
with bond lengths of 1.897—1.948 A and 2.043 A,
respectively. The Li—O bond in the tetrahedral
structure is shorter, and the interaction is stronger.
The bond length of Li;;—07435° is longer than that
of lithium aluminate, which suggests that the
interaction strength of Li—O is weaker in AlLi-
LDH with space group P32. Consequently, lithium
ions can be leached by the hot water washing.
However, the bond lengths of Lij,—0$¥™ and
Liss;—O0$" are even shorter than those of Li—O
in lithium aluminate. Therefore, the interactions of
Liss—O0S$y™ and Lis;—O$7™ are the strongest,
which suggests that it is more difficult for Li* to
be inserted into the cavity formed by 0O$¥™ and
oS . It is also difficult to remove Li" ions
from this cavity. Thus, compared with C2/m-type
AlLi-LDH, the Li" adsorption and desorption are
easier in P32-type AlLi-LDH.

Table3 Li— O bond lengths of lithium aluminate
structures in different ICSD cards (A)

Li—O
ICSD card No.
Octahedral Tetrahedron

1037 - 1.936
10480 2.043 -
16229 - 1.897
23815 - 1.948
30249 - 1.941

4 Conclusions

(1) AILi-LDH was synthesized through the

co-precipitation of lithium ions and aluminate
anions. Pure AILi-LDH can be synthesized by
dropping lithium hydroxide solution into the
sodium aluminate solution.

(2) The AILi-LDH particles exhibit consistent
shapes and sizes. The diameters of the microspheres
vary from 5 to 10 um. The microstructure is
unaffected by the Li" adsorption. AILi-LDH can
crystallize in both P32 and C2/m space groups, and
is fully transformed into the P32-type structure after
the Li* adsorption.

(3) Li" is more easily inserted into the center of
the Al—O octahedral structure when the space group
is P32. The interaction of Li—O in P32-type
AILi-LDH occurs via an electrostatic effect.

(4) The amount of Li* adsorbed after 1h is
8.98 mg/g, with Mg?"/Li" separation coefficient
of 29536 when the mass ratio of Mg?* to Li" is
1067. The Li" adsorption capacity of AILi-LDH is
16.50 mg/g when the absorption time is extended to
24 h.
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