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Abstract
The intercalation of of Ca/Al layered double hydroxide (LDH) has been successfully conducted into using several intercalants
with different size compounds after termal treatment process to reconstruct structure of Ca/Al LDH. Ca/Al LDH was synthesized
by co-precipitation at pH 11 then calcination at various temperatures following with intercalation using water, sodium hydroxide,
sodium carbonate and Keggin type of polyoxometalate K4[𝛼-SiW12O40]. Characterization of Ca/Al LDH was carried out by
XRD and FTIR analyses. XRD analysis showed that unique diffraction peak of Ca/Al LDH at 10◦ with interlayer space 4.67
Å. Gradual thermal treatment of Ca/Al LDH was achieved until loss unique diffraction peak at temperature 700 ◦C to form
shrinking layer. Intercalation of water, sodium hydroxide, sodium carbonate, and polyoxometalate to shrink layer of Ca/Al
LDH can create formation of well crystalline LDH to reconstruct layer structure with formation of unique diffraction at 10◦.
The interlayer distance of Ca/Al LDH was increased after intercalation process. Thus reconstruction structure of LDH was
successfully conducted with flexibility of layer.
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1. INTRODUCTION

Development of unique materials for separation, adsorption,
selective membrane, and ion exchange is recently rapidly in-
creased due to the application for industrial scale (Omwoma
et al., 2014; Jia et al., 2019). The synthesis strategy of materials is
developed from a conventional method to in-situ instrumental
controlled and from original to modification ways such as graft-
ing (Ramanathan et al., 2018), impregnation (Belin et al., 2013),
encapsulation (Barkhordari and Yadollahi, 2016), and intercala-
tion (Lesbani et al., 2020). Macromolecular materials assemblies
based on host-guest construction have great attracted because
the flexibility of materials can be reached for especially selec-
tive sorption and separation of economically compounds like
drugs and cosmetics (Mishra et al., 2018; Woo et al., 2011). The
pores, interlayer, or space of materials with host-guest prop-
erties have confined space of guest or intercalant compounds.
Guest compounds can be facile in and out into host materials
resulted flexibility of materials. These properties are also can
occur using intercalant on layer materials. Thus, selective host
is achieved for interesting applications especially for medical
treatment. On the other sides, hydrophilicity and hydrophobicity
of materials can be tuned by the intercalation of various inter-
calants into pores, interlayers, or spaces of materials. Synthetic

zeolites and layered double hydroxides are two classes materials
possess pores and interlayers in their structures which can be
intercalated with various guests (Wu et al., 2017; Tran et al.,
2018). Other materials such as cucurbit[n]urils (Zhang et al.,
2016), cyclodextrins (Zhu et al., 2011), porous carbon materials
(Zhang et al., 2016), and crown ethers (Ma et al., 2009) also have
flexibility for various guests to form host-guest system materials
with unique properties.

Layered double hydroxide (LDH) is inorganic layer mate-
rial class with positively charged layers consists of two metallic
cationsM2+/M3+ and exchangeable gallery anions (Gómez-Avilés
et al., 2016; Hasannia and Yadollahi, 2015). The research of LDH
is now growing rapidly due to properties and application of this
materials both in the laboratory and industrially scales. The
general formula of LDH is [M2+

1−𝑥M3+
𝑥 (OH)2]𝑥+(A𝑛−)𝑥/𝑛∙𝑚H2O,

where M2+ and M3+ are di-and trivalent cations in the host layer,
A𝑛− is interlayer exchangeable anions. LDH has a like-brucite
structure of staked sheets in which anions within the interlayer.
Cations M2+ and M3+ can be combined in order to the function-
ality of this material (Duan et al., 2011). On the other hand,
modification of LDH is carried out to obtain unique properties
which can be conducted by intercalation using various anions.
The basal spacing of interlayer LDH is also increased to accom-
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modate larger anions during intercalation process. Thus the
interlayer LDH has flexibility properties and can be controlled
by intercalant or guest molecules. Several intercalants with vari-
ous sizes such as carbonates, sulfates, hydroxides, amino acids,
and polyoxometalate compounds are commonly used as an in-
tercalant of LDH (Carriazo et al., 2007). Calcium is abundant
elements in group II periodic table and also aluminum, which
use in numerous application. Ca/Al LDH thus can be easily
synthesis using coprecipitation method to from Ca/Al LDH (Qu
et al., 2016). Herein, we report intercalant properties for interca-
lation of Ca/Al LDH with various intercalant sizes such as water,
hydroxide, carbonate, and polyoxometalate in order to know the
effect of intercalant sizes and to know the unique intercalation
properties of Ca/Al LDH.

2. EXPERIMENTAL SECTION

2.1 Chemicals and Instrumentation
Chemicals from Merck and Sigma-Aldrich were used directly
without further purification such as calcium nitrate, aluminum
nitrate, sodium hydroxide, and sodium carbonate. Water was
purified using Purite® water purification system from Integrated
Research Laboratory, Graduate School, Universitas Sriwijaya.
Polyoxometalate K4[𝛼-SiW12O40] was synthesized according to
previous reported literature (Lesbani et al., 2016).

FTIR spectrum was recorded using Shimadzu FTIR Prestige-
21 spectrophotometer using KBr method, and scanning was per-
formed from 400-4000 cm−1. XRD was performed using Rigaku
Miniplex-600 series and samples were scanned at 1 deg.min−1 in
the range of diffraction area 0-60◦.

2.2 Synthesis of Ca/Al Layered Double Hydroxides and
Characterization

Synthesis Ca/Al layered double hydroxides was conducted ac-
cording to Granados-Reyes et al. (2017) by the co-precipitation
method with slight modification as follow. Calcium nitrate and
aluminum nitrate with molar ratio 2:1 (Ca2+/Al3+) was prepared
by adding sodium hydroxide 2 M. The mixtures were stirred at
60 ◦C and pH was adjusted to 11 by adding sodium hydroxide.
The mixtures were stirring until pH constant. After stable pH,
the mixtures were heated using autoclave at 120 ◦C for 4 h. The
mixtures were filtered at room temperature and washed with
water and dried at 80 ◦C overnight to form white solid Ca/Al
LDH. Calcination of Ca/Al LDH was performed at 100-700 ◦C.
Characterization was performed using XRD and FTIR analyses.

2.3 Intercalation Process and Analysis
Several intercalants molecules were used to study layer flexibility
properties of Ca/Al LDH. Sodium carbonate, sodium hydroxides,
water, and silico tungstate polyoxometalate were used as in-
tercalants. The intercalation process was performed using the
small reactor batch system equipped with nitrogen flow as fol-
low. Saturated intercalant molecules were placed on outer into
the double closed tube and Ca/Al LDH was put on the inner
double closed tube. The system was closed. Nitrogen was slowly
flow to the small reactor and the temperature was adjusted at 60

◦C. The intercalation was performed overnight. Ca/Al LDH was
analyzed after intercalation stop.

3. RESULTS AND DISCUSSION

Characterization of Ca/Al LDH was performed using XRD pow-
der analysis as shown in Figure 1. Specific diffraction of Ca/Al
LDH was reported by Granados-Reyes et al. (2017) in which
diffraction appeared at 10-50◦. Synthesized Ca/Al LDH as shown
in Figure 1 has small diffraction at 10◦ and high diffraction at
20-30◦ indicated the crystalline phase of Ca/Al LDH due to car-
bonate. The presence of carbonate can be explained by synthetic
method because of atmospheric air conditions. This anion was
located between interlayer of Ca/Al LDH. Calcination was per-
formed at 100-700 ◦C in the air at 5 h. The intensity of calcite
was increased by increasing temperature. Other phases were de-
tected as calcite, mayenite, and oxide phases. The concentration
of calcite was decreased at 700 ◦C because this compound decom-
poses at a lower temperature than mayenite and calcium oxide.
Layer materials of Ca/Al was identified as mayenite Ca12Al14O3
(Huang et al., 2015).

Figure 1. XRD Powder Patterns of Ca/Al LDH (A), and Ca/Al
Calcined at 100 ◦C (B), 200 ◦C (C), 500 ◦C (D), and 700 ◦C (E)

Material Ca/Al LDH has gallery interlayer distance of 4.67Å
at 11.3◦. Gradual heating process of Ca/Al LDH caused decreas-
ing slightly of interlayer distance due to loss of water and anions.
The peak at 11.3◦ disappeared showed that collapse structure
of layer compound. The layer was totally attached each other
without anion or water of crystallization on the material. The
FTIR spectrum of Ca/Al LDH are shown in Figure 2.

Figure 2 shows the main vibration peaks of Ca/Al LDH were
appeared at 3520 cm−1 (𝜈 O H stretching, water) (Fitri et al.,
2023), and 1460 cm−1 (𝜈 N O nitrate). The thermal treatment
of Ca/Al LDH with increasing temperature will decrease the
vibration at 1380 cm−1 and to be disappeared at temperature 700
◦C due to loss of anion on interlayer space. The Ca/Al LDH was
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Figure 2. FTIR Spectra of Ca/Al LDH (A), and Ca/Al Calcined at 100 ◦C (B), 200 ◦C (C), 500 ◦C (D), and 700 ◦C (E)

Figure 3. XRD Powder Patterns of Ca/Al LDH Intercalation
with Water (A), Intercalation with Sodium Hydroxides (B),
Intercalation with Sodium Carbonate (C), and Intercalation with
Keggin Ion [𝛼-SiW12O40]4− (D)

shrined to be plate material at that temperature. The interesting
subject is the structure of Ca/Al LDH after at 700 ◦C with wrin-
kled properties can be back to pristine structure by intercalation
of anion. Here several anions were attempted to return structure

Table 1. Interlayer Distance of Ca/Al LDH with Intercalation of
Anions

Intercalation Ca/Al
LDH Interlayer Distance (Å)

Water 7.58
Hydroxide 5.04
Carbonate 7.53

[𝛼 − SiW12O40]
4− 4.84

Figure 4. Schematic Illustration of Flexibility Layer of Ca/Al
LDH by Thermal and Intercalation Process

of Ca/Al LDH using water, hydroxide, carbonate, and Keggin
ion of polyoxometalate. Diffraction patterns of Ca/Al LDH with
the inclusion of guest as shown in Figure 3 showed that unique

© 2024 The Authors. Page 53 of 55



Abriyanto et. al. Indonesian Journal of Material Research, 2 (2024) 51-55

Figure 5. FTIR Spectra of Ca/Al LDH Intercalation with (A)
Water; (B) Sodium Hydroxide; (C) Sodium Carbonate ; and (D)
with Keggin Ion [𝛼-SiW12O40]4−

diffraction at 11◦ which was identified as interlayer distance.
The intensity of diffraction pattern of Ca/Al LDH at 11◦ after

inclusion of anion has increased because of anion enter between
layers. Water, sodium hydroxides, and sodium carbonate are
frequently used as guest molecules for LDH (Zahra Mahjoubi
et al., 2017). Material Ca/Al LDH with the intercalation of small
molecules as anions will increase interlayer distance as shown in
Table 1. Sodium hydroxides showed the lowest interlayer space
after intercalation than water or carbonate. Probably sodium
hydroxides come into interlayer with horizontal or diagonal
orientation while water and carbonate come with vertical shapes
(Hanifah and Palapa, 2016). On the other hand, Keggin ion [𝛼-
SiW12O40]4− with larger size than other intercalants have smaller
interlayer distance. Ca/Al LDH has interlayer space 4.67Å. These
spaces are not enough to accommodate Keggin ion with large
size, thus the edge structure of Keggin ion [𝛼-SiW12O40]4− enter
to the space of interlayer distance of Ca/Al LDH.

The mechanism of shrinking and reconstructing of layer
Ca/Al LDH by thermal treatment following intercalation is sche-
matic illustration in Figure 4.

FTIR spectra of intercalation of Ca/Al LDHwithwater, sodium
hydroxides, sodium carbonate, and Keggin ion on interlayer
space of LDH are shown in Figure 5.

There are three important things can be seen from IR spectra
in Figure 5 after intercalation of anions on Ca/Al LDH. First is
vibration of nitrate to be sharped and boarded at wavenumber
1460 cm−1, Second is vibration of Ca O and Al O was sharply
appeared at wavenumber 650-800 cm−1, and third is vibration of
OH is sharped than original vibration of OH at wavenumber 3300
cm−1. All IR spectrum is indicated that intercalation of various
anion molecules was occurred and can reconstruct Ca/Al LDH
to be a like pristine material (Starukh and Levytska, 2019).

4. CONCLUSIONS

Layer structure of Ca/Al LDH was lost after treatment at 700 ◦C
to be shrinked material. The layer can be reconstructed by inter-
calation of anions. Interlayer space of Ca/Al LDH was increased
by intercalation of anion molecules such as water, sodium hy-
droxide, sodium carbonate, and Keggin ion [𝛼-SiW12O40]4−. The
increasing layer space was 2.69 Å for water, 2,64 Å for sodium car-
bonate and 0.15 Å for sodium hydroxide. Water and sodium car-
bonate were vertically orientation while sodium hydroxide was
horizontal or diagonal orientation. On the other hand, shrink-
ing Ca/Al LDH cannot accommodate size of higher Keggin ion
[𝛼-SiW12O40]4−.
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