
Indonesian Journal of Material Research
e-ISSN: 2987-1654
Vol. 1, No. 2, July 2023

Research Paper

Preparation of Layered Double Hydroxide-Polyoxometalate Based Composite
Yulizah Hanifah1*, Amri Amri2

1Graduate School, Faculty of Mathematics and Natural Sciences, Sriwijaya University, Palembang, 30139, Indonesia
2Research Center of Inorganic Materials and Coordination Complexes, Faculty of Mathematics and Natural Sciences, Sriwijaya University, Palembang, 30139, Indonesia
*Corresponding author: yulizahanifah@gmail.com

Abstract
Material NiAl-K3[𝛼-PW12O40], NiAl-K4[𝛼-SiW12O40], ZnAl-K4[𝛼-SiW12O40] and ZnAl-K3[𝛼-PW12O40] were created. FTIR, XRD
and SEM were used to characterize the substance. The findings of the successfully completed synthesis showed that peak
diffraction angle for NiAl-LDH were at 11.58°, 23.18°, 35.01°, 39.41°, 46.70°, 60.94°, and 62.26° and diffraction at 10.29°, 20.07°, 34.02°,
and 60.16° for ZnAl-LDH. The composite material LDH-polyoxometalate NiAl-PW12O40 that was at angles 10.76°, 26.59°, 30.8°
and 63.1° and 8.61°, 25.27°, 33.8°, 66.34° for ZnAl-plyoxometalate. The typical polyoxometalate band on the composite material’s
FTIR spectrum proved tha intecalation of the substance. SEM examination revealed the aggregat for nearly all intercalated and
synthesized materials.
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1. INTRODUCTION

The unique characteristics of self-assembled catalysts are utilized
in heterogeneous catalysis. Therefore, the development of new
structured catalysts and reactors can benefit from the utilization
of these materials. Self-assembled catalysts can increase heat
and mass transfer by avoiding the Ende for An inert binder to
isolator crystals in catalytic beds. Therefore, it is reasonable
to anticipate that one will be able to increase catalytic activity,
which may also increase selectivity.

Polyoxometalate (POM) with the Keggin structure is fre-
quently employed in acid catalysis because of its straightforward
production process and chemical stability (Xu et al., 2018). The
general formula for these acid polyoxometalates is a molecular
cluster comprising several metal oxides. Twelve MO6 octahedral
(M= P, W) are placed around a core PO4 tetrahedron four groups
of three edge-sharing MO3O13. The central PO4 tetrahedron and
an oxygen atom are shared by each group. When MO+ or W+

ions are replaced by V5+, an excess of negative change results,
which must be made up for (Pope, 2008). Ionic crystals known
as hetepolyacids are composed of massive polyanions (the fun-
damental structure), opposing cations, and crystallization water.
The so-called secondary structure is produced as a result.

Current research aims to establish an appropriate synthesis
method while producing an orderly tertiary structure of POM
that contains V. We have concentrated our efforts on using tests
and PM6 calculations to understand the assembly process. Mixed
metal oxides known as polyoxometalate are gaining attention

due to their unique characteristics and several uses as electro-
catalysts, adsorbents, photodegrades, and catalysts (Jia et al.,
2014). According to Lu et al. (2019), polyoxometalates exhibit
good thermal and oxidative stability as well as tunable acid-base
characteristics. The vacant d-orbitals in polyoxometalates are
also there to catch electrons (Umapathi et al., 2019). Keggin,
Anderson, and Dowson kinds of polyoxometalates exist (Liu
et al., 2016). The type Keggin-polyoxometalate has received
the greatest attention in this area of research lately. Studies on
polyoxometalate, dye-sensitized solar cells, adsorption, and pho-
tocatalysis (Zhao et al., 2020) among other applications, have all
been described.

The elimination of contaminants, layered double hydroxide
(LDH), which has positively charged multimetal cations and in-
terlayers in brucite-like layers compensatory anions, has been
used. Energy storage, heavy metal ions, adsorbents, and other
techniques to remove pollutants from wastewater have been the
focus of recent LD research (Behbahani et al., 2020). By modi-
fying the active centers and shape of LDHs utilizing a variety
of control synthesis, techniques, such as intercalated and immo-
bilized, it’s possible to significantly improve photodegradation
performance.

In summary, polyoxometalate K3[𝛼-PW12O40] and K4[𝛼-SiW
12O40] was investigated. Material composite layered double
hydroxide (NiAl-LDH and ZnAl-LDH) on Keggin polyoxomet-
alate (NiAl-K3[𝛼-PW12O40], NiAl-K4[𝛼-SiW12O40], ZnAl-K4[𝛼-
SiW12O40] and ZnAl-K3[𝛼-PW12O40]) modifiedmaterial was char-
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acterized using analysis FTIR, XRD, and SEM.

2. EXPERIMENTAL SECTION

2.1 Chemical
Weused hydrogen peroxide, sodiumhydroxide, sodium tungstate,
sodium phosphate, concentrated hydrogen chloride, aluminum
nitrate monohydrate, zinc nitrate hexahydrate distilled water,
sodium carbonate, and concentrated hydrogen chloride were
purchased from Merck and Sigma Aldrich.

2.2 Synthesis of ZnAl-LDH
In 50 mL of distilled water, 0.75 M of zinc nitrate hexahydrate
and 0.25 M of aluminum nitrate nonahydrate were dissolved, re-
spectively. A beaker containing 20 mL of distilled water received
the mixture. To get ZnAl-LDH, the mixture was then added to 2
M sodium hydroxide at pH 8 and agitated for 4 hours at 343 K.

2.3 Synthesis of NiAl-LDH
In 50 mL of distilled water, 0.75 M of nickel nitrate hexahydrate
and 0.25 M of aluminum nitrate monohydrate were dissolved,
respectively. The combination was added to a beaker that already
had 20 mL of distilled water in it. To obtain NiAl-LDH, the
mixture was added to 2 M sodium hydroxide at pH 8 and agitated
for 4 hours at 343 K.

2.4 Synthesis of Polyoxometalate
Solution A was created by dissolving 2 g of sodium phosphate
in 100 mL of distilled water. Solution B a created by dissolving
125 g of sodium tungate in 300 mL of boiling water. Then, 10 mL
of concentrated 37% HCl kept at 322 K was added to solution
B, followed by the addition of solution A. This solution has
been dried and filtered. A white precipitate of polyoxometalate
K4SiW12O40 and K3PW12O40 was produced by the addition of 50
g of KCl.nH2O.

2.5 Characterization
The determination of the functional groups, compounds, and
chemical bonds used Fourier transform infrared in range wave-
number 4000–500 cm−1 (Shimadzu). X-ray diffractometer in 2𝜃=
5–80° to determine the crystallinity of material synthesis and
preparation (Rigaku, Japan), Scanning electron microscope in
2500 times magnification was carried out to determine the mor-
phological structure (Quanta, England). All were used to char-
acterize the K4[𝛼-SiW12O40], K3[𝛼-PW12O40], NiAl-LDH, ZnAl-
LDH, NiAl-K3[𝛼-PW12O40], NiAl-K4[𝛼-SiW12O40], ZnAl-K4[𝛼-
SiW12O40] and ZnAl-K3[𝛼-PW12O40].

2.6 Preparation of Composite
To make solution A, which is 2 g of prepared material of poly-
oxometalate, 50 mL of distilled water was utilized. In solution,
B, 25 mL of sodium hydroxide 1 M is combined with 2 g of pure
and composite LDH, a material catalyst. The suspension was
immediately combined with N2 gas for 24 hours to produce the
composite LDH. XRD analysis, FTIR spectrometer, and SEM

analysis. Water molecules K3PW12O40 and K4SiW12O40 polyox-
ometalate were produced, according to previously published
research (Lesbani and Mohadi, 2014).

3. RESULTS AND DISCUSSION

Figure 1. XRD Diffraction of NiAl-LDH Pristine and NiAl-LDH
Composite

Figure 2. XRD Diffraction of ZnAl-LDH Pristine and
ZnAl-LDH Composite

XRD analysis of LDH pristine and LDH composites wasmade.
The X-ray diffraction pattern of pure polyoxometalate. com-
pounds which are K4[𝛼-SiW12O40], K3[𝛼-PW12O40], LDH pris-
tine NiAl-LDH, NiAl-SiW12O40, and NiAl-PW12O40 are shown
in Figure 1. The LDH crystal plane is shown by LDH pristine
diffraction peaks at 11.58°, 23.18°, 35.01°, 39.41°, 46.70°, 60.94°, and
62.26° which correspond to the (003), (006), (012), (015), (018),
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Figure 3. XRD Diffraction of K3PW12O40 and K4SiW12O40

Figure 4. FTIR Spectra of NiAl-LDH Pristine and NiAl-LDH
Composite

(110) and (113) correspondingly, indicate the LDH crystal plane
(JCPNDF No. 22-0452). The diffraction of polyoxometalate com-
pounds K3PW12O40 and K4SiW12O40 was shown at 2𝜃 angles of
8-20°, and 26-32° (Wang et al., 2021a; Wang et al., 2021b). Owing
to the utilization of composite LDH which polyoxometalate on
NiAl-LDH. According to Figure 1, each polyoxometalate peak
in NiAl-PW12O40 that was at angles 10.76°, 26.59°, 30.8° and 63.1°
which correspond to the (003), (006), (009), and (110) is still visible.
K4SiW12O40 is present in LDH. The synthesis of the composites
was successful. The successfully intercalated of NiAl composite
material by showing angles at 10.76°, 26.59°, 30.8° and 63.11°.
Each material was shown the LDH pristine by peak 003 indicat-
ing that the polyoxometalate was intercalated on interlayer of
layered material LDH which showed by peak shift towards the

Figure 5. FTIR Spectra of ZniAl-LDH Pristine and ZnAl-LDH
Composite

Figure 6. FTIR Spectra of K3PW12O40 and K4SiW12O40

lower.
ZnAl-LDH, ZnAl-SiW12O40, and ZnAl-PW12O40 X-ray diffrac-

tion are shown in Figure 2. ZnAl-LDHwas found at 10.29°, 20.07°,
34.02°, and 60.16°, which correspond to the lattice planes (012),
(110), (003), and (006). The PW has diffraction peaks at 7.73°,
28.6°, and 35.6° which correspond to (003), (006), and (110). The
peaks of PW12O40 are still present in ZnAl-PW. The diffraction
ZnAl-SiW12O40 was located at 8.61°, 25.27°, 33.8°, 66.34°. The
peaks of composite ZnAl-SiW12O40 are present in polyoxomet-
alate SiW12O40 in layered ZnAl-LDH. Nevertheless, the typical
polyoxometalate compound in this study showed diffraction at
angles 8.26°, 11.34°, 29°, and 35.1° that shown in Figure 3.

Figure 4 presents FTIR spectra of NiAl-LDH, NiAl-SiW12O40,
and NiAl-PW12O40. FTIR spectra of NiAl-SiW12O40 in the range
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Figure 7. SEM of NiAl-LDH Pristine and NiAl-LDH Composite

Figure 8. SEM of ZnAl-LDH Pristine and ZnAl-LDH Composite

wavenumber 3178, 1541, 1363, and 769.9 cm−1. NiAl-PW12O40 in
wavenumber of 3317, 1560, 929, 717 cm−1. O-H stretching from
the interlayer of NiAl-LDH may be caused by the band at 3178
cm−1. The hydroxyl and NO –

3 vibrations were ascribed to the

absorption peaks at 1541 and 1363 cm−1. According to Xu et al.
(2018), the broad bands at 769.9 cm−1 are due to the asymmetric
stretching of M-O from M (metal = P, W, Zn, Al) from NiAl-LDH,
ZnAl-LDH pristine, LDH composite, and both polyoxometalate.
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Figure 5 shows the infrared spectrum of ZnAl-LDH pristine
and ZnAl-LDH composite. The spectrum of the polyoxometalate
compound was measured. The alfa-Keggin SiW12 exhibits four
distinctive asymmetric vibration bands that correspond to 927,
973, 882, and 813 cm−1 in the range 780-980 cm−1 indicated by
W-O (Mirzaei et al., 2019). Figure 6 shows the FTIR spectra of
K3PW12O40 in wavenumber 2917, 1685, 1076, 976, 884, 740, 594
cm−1, and for FTIR K4SiW12O40 showed a peak at 2918, 1654, 1399,
1114, 958, 865, 787, and 714 cm−1. Figure 6 shows the successfully
synthesized. Figure 6 Using FTIR analysis, the surface groups of
LDH were identified. The composites synthesis was successfully
prepared by shown in wavenumber at 3244, 1637, 1363, 863, and
666 cm−1 for ZnAl-SiW12O40. FTIR spectra at wavenumber 3276,
1685, 1363, 952, 887 cm−1. The composite ZnAl-LDH showed the
characteristic of polyoxometalate that identified the intercalation
process was successful. The spectrum band FTIR between 3110-
2980 cm−1 showed white molekul in the interlayer and brucite-
like layers. This band was shown for all material pristine and
material composite. The H2O from interlayer water is banded
at 1630 cm−1. The spectrum band at 1381 cm−1 represents the
CO3 vibrations (Zhao et al., 2020). The bands of 983-870 cm−1

and 804.84 cm−1, respectively, represent the W-O and W-O-W
bands (Wang et al., 2021b). These bands can still be seen in their
typical LDH-polyoxometalate catalyst state.

SEM analysis was used to analyze the morphology of the
subsequently synthesized NiAl- LDH, as seen in Figure 7 and
Figure 8. The NiAl-LDH and ZnAlLDH samples showed mor-
phology, demonstrating the validity of the LDH microsphere to
the layered framework. LDH composite and LDH are pristine
and have different heterostructures. The morphology which
appears to be created by the assembly of the two-layered mate-
rials is proof that LDH intercalated heterostructures are present.
When [SiW12O40], the aggregate appeared on the surface ma-
terial, according to the morphological structure. It is feasible
to understand that platelet-shaped microcrystals exist. If the
LDH composite is compared to the LDH pristine, was polypore
which means introducing polyoxometalate added to the blending
solution has the potential to bond to the composite’s surface.

4. CONCLUSIONS

In conclusion, we described a quick, low-cost, and easy approach
for producing effective co-precipitation on the materials LDH
pristine and LDH composite. Investigation of the molecular
and crystal structure of the composite, as well as the chemi-
cal composition and surface morphology, using characterizing
techniques like FTIR, XRD, and SEM. The results showed that
material pristine (NiAl-LDH and ZnAl-LDH) and material com-
posite (NiAl-K3[𝛼-PW12O40], NiAl-K4[𝛼-SiW12O40], ZnAl-K4[𝛼-
SiW12O40] and ZnAl-K3[𝛼-PW12O40]) were successfully synthe-
sized and prepared. Characterization of polyoxometalate using
spectra FTIR showed the characteristic band of polyoxometalate
in both NiAl-polyoxometalate and ZnAl-polyoxometalate. Re-
sulted analysis using XRD confirmed that characteristic peak
that showed the successful of intercalated polyoxometalate on
layered double hydroxide which showed there are SiW or PW

on polyoxometalate.
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