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1. Introduction

Layered double hydroxides (LDH) are an attractive family of anionic clays composed mainly of M!
(divalent) and M™ (trivalent) metal ions that form [M"; oM"Y (OH)2]A™xn - ZH,0, where A™ is the
charge-balancing anion. Their structure comprises brucite-type layers, with the cations (M/M™) in a
net positive charge and the interlayer anion balancing the charge (Fan et al. 2014; Kameliya et al.
2023). The unique structure of LDH gives it a wide range of potential applications, such as composite
material for multifunctional purposes such as catalyst, photocatalysis, water treatment, environmental
remediation, removal of greenhouse gases, nutrient storage for plants, biomedical application,
biosensor, and supercapacitors (Fan ef al. 2014; Kameliya et al. 2023). Recently, composite material
containing LDH has been attracting significant attention; they have been used as adsorbent (Alnasrawi
etal.2023; Taher et al. 2023), magnetic material (Periyasamy ef al. 2018), hybrid material with organic
and inorganic compounds (Park ef al. 2023; Capsoni et al. 2023; Wihadi et al. 2022; Wihadi &
Sadakane, 2020; Wihadi ef al. 2020), catalyst (Men et al. 2020; Pavel et al. 2020), and ion exchanger
(Jobbagy & Regazzoni, 2005; Oestreicher ef al. 2014; Radha et al. 2007). LDH and its composite have
been synthesized using various chemical techniques such as hydrothermal (Kloprogge et al. 2004), co-
precipitation (Miyata, 1975), sol-gel (Lee et al. 2016), microwave-aided structure reformation (Benito
et al. 2007), hydrolysis (Wu et al. 2004), and oxide method (Boehm et al. 1977). These techniques
have many disadvantages including large stages, high energy consumption, and different specialized
equipment. As a more straightforward alternative, the mechanochemical method provided simplicity
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and versatility (Fahami & Beall, 2016; Pavel et al. 2020). This method requires only reactant colliding
followed by drying and washing. However, it was rare to synthesize multimetallic layered double
hydroxide and its composite using the mechanochemical method. To the best of our knowledge, no
information about in-situ composite formation containing multimetallic LDH derivatives using
mechanochemistry has been reported.

Herein, we report for the first time the in-situ composite formation of multimetallic Ni/Al LDH-
Bayerite (1), Ni.Co/Al LDH-Boehmite (2) and Ni.Co/Al.Ce LDH-Ceria (3) was prepared via the
grinding method in mortar. Furthermore, the structural characterization including crystal phase
behavior, functional group, and morphological properties was analyzed by powder XRD, FT-IR
spectroscopy, FE-SEM, and EDS spectroscopy. The new composites reported here can be potential
candidates for important applications such as water treatment and catalysis.

2. Methodology
2.1 Materials

Homemade deionized water (Millipore) was used. All chemicals were reagent grade and used as
supplied.

2.2 In-situ Preparation of Ni/Al LDH-Bayerite (1), Ni.Co/Al LDH-Boehmite (2) and Ni.Co/Al.Ce
LDH-Ceria (3)

Ni(NO3)2-6H20 (14.54 g (0.05 mol), AI(NO3)3-9H>0 (37.51 g (0.1 mol) and NaOH 6 g (0.15 mol)
for 1, Ni(NOs)2-6H20 (7.27 g (0.025 mol), Co(NO3)2-6H20 (7.28 g (0.025 mol), Al(NO3)2-9H>0
(37.51 g (0.1 mol) and NaOH 6 g (0.15 mol) for 2, Ni(NO3)>-6H>O (7.27 g (0.025 mol), Co(NO3),-
6H20 (7.28 g (0.025 mol), AI(NO3)3-9H20 (18.76 g (0.05 mol), Ce(NO3)3-6H20 (21.71 g (0.05 mol)
and NaOH 6 g (0.15 mol) for 3, respectively were mixed in a mortar and manually ground to a paste
for 1 h. The paste was heated at 120 °C for 5 h and washed with deionized water until neutral. The
obtained solid was dried at 70 °C for overnight.

2.3 Characterization and Instrumental Analysis

Powder X-ray diffraction (XRD) spectra were recorded on the Panalytical Empyrean diffractometer
with Nickel (Ni) filtered Cu Ka radiation (A= 0.15406 nm) at a current of 30 mA and voltage of 40
kV. The sample was recorded in the 20 = 0 - 80° with the scanning step length 0.02° per 25 s. The
crystal phase was identified using the QUALX 2.0 program (Altomare et al. 2015). Infra-red (IR)
spectra were obtained on Fourier transform infrared (FT-IR) ATR Bruker Tensor II (USA). The IR
spectra of samples were scanned at a wavenumber range of 500 to 4000 cm™! with a resolution of 4.0
cm’! and the number of scans was 45 s. The image and elemental analyses of samples were obtained
on the Field Emission Scanning Electron Microscopy Energy Dispersive Spectroscopy (FE-SEM EDS)
JEOL JIB 4610F (Japan) equipped with a Schottky electron gun, as well as a new FIB column capable
of sizeable current processing (maximum ion current of 90 nA) installed into one chamber.

3. Results and Discussion

Figure 1a shows the powder XRD pattern of 1, 2 and 3 composites prepared mechanochemically
in mortar. The XRD pattern of 1, 2, and 3 shows sharp diffraction peak at [20 = 11.33°, 22.79°, 35.07°
and 61.12°], [20 = 11.45°, 22.86°, 34.89° and 60.55°], and [26 = 11.29°, 22.77°, 35.40° and 61.08°],
respectively assigned to basal planes {003}, {006}, {009} and {110} indicating LDH presence in the
solid. The broad diffraction peak of 1 reveal at 26 = 18.72°,20.27°,27.78°,40.50°, and 53.12° assigned
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to bayerite species. In case of 2 and 3, the broad diffraction peak observed at [20 = 14.37°, 28.19°,
38.55°, and 48.87°], and [20 = 33.93°, 40.53°, 47.51°, and 56.48°] confirmed to boechmite and CeO>
species, respectively. The presence of Ni/Al LDH, bayerite, boehmite and CeO, (ceria) in the
compounds was confirmed by the standard for LDH (PDF No. 00-210-2792), bayerite (PDF No. 00-
900-8135), boehmite (PDF No. 00-901-2247), and CeO, (PDF No. 00-434-3161) assignment,
respectively (Figure 1b, 1¢, and 1d).

The XRD pattern of 1, 2 and 3 confirmed the successful preparation of Ni/Al LDH, Ni.Co/Al LDH
and Ni.Co/Al.Ce LDH, which was shown by the presence of a diffraction pattern assigned to basal
planes {003}, {006}, {009} and {110} (Fahami & Beall, 2016; Taher et al. 2023). The formation of
bayerite (B-Al(OH)3) and boehmite (y-AlOOH) in 1 and 2 was influenced by the transformation of AI**
during the reaction. Tsuchida and Ichikawa reported the mechanochemical transformation phenomena
of gibbsite, bayerite, and boehmite by grinding (Tsuchida & Ichikawa, 1989). In our case, the
transformation of AI** to bayerite and boehmite occurred during the grinding of the precursor in mortar.
Therefore, LDH products are found with a mixture of AI** derivatives. In the similar case of 3, the
presence of the side product (CeOz) was also observed with the main product of Ni.Co/Al.Ce LDH.
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Figure 1. Powder XRD pattern of a solid containing multimetallic layered double hydroxide (LDH) composites
and assignment with the profile of LDH Standard (PDF No. 00-210-2792) (a). Composite assignment with
bayerite (PDF No. 00-900-8135) (b), boehmite (PDF No. 00-901-2247) (c), and CeO; standards (PDF No. 00-
434-3161) (d). The red, blue, and violet stars correspond to the bayerite, boehmite, and CeO».
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Figure 2 shows the IR spectra of the composites which displayed similar countenance for the LDH
samples. The bands at 3517.78 cm™! (1), 3420.10 cm™ (2) and 3545.22 cm! (3) are identified to -OH
vibration stretching modes. The bending vibration of the interlayer water was displayed at 1641.52 cm”
1(1),1643.28 cm™! (2) and 1642.10 cm™ (3). The bands at 657.92 cm™ (1), 654.11 cm™ (2) and 650.62
cm! (3) were assigned to Ni-O and Al-O stretching modes. In the case of 2 and 3, Co-O and Ce-O
stretching modes were also observed. Composites 1, 2, and 3 have similar morphologies (Figure 3).
The composite showed hexagonal platelet-type morphology. Bayerite, boehmite, and CeO> species in
the product facilitate non-uniform platelet. The layered structure of the composite can be displayed in
FE-SEM images (Figure 3) (Fahami & Beall, 2016; Taher et al. 2023).
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Figure 2. IR Spectra of the solid containing the Ni/Al LDH-Bayerite composite (a), Ni.Co/Al LDH-Boehmite
composite (b), and Ni.Co/Al.Ce LDH-Ceria composite (c).
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Figure 3. Field emission scanning electron microscope (FE-SEM) images of composite 1 (a), 2 (b), 3
(c) and (d). The other magnification of 100,000x for composite 1 (e), 2 (f) and 3 (g). FE-SEM data
showed clear images of LDH, bayerite, boehmite and CeO; in the solid.
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The EDS elemental analysis of the composites (Figure 4) revealed that the main elements of the
composite were nickel, aluminum, nitrogen and oxygen (composite 1). The other elements, such as
cobalt and cerium, also detect for composite 2 and 3, respectively. No other contaminants were
observed. The layered diameter distribution size was 76.02 nm, 92.01 nm and 180.38 nm for
composites 1,2, and 3, indicating the introduction of multimetallic elements (Co and Ce) in the layered
structure influenced the size of the material to be larger. The EDS map also demonstrated the
distribution of the heavy elements such as cerium in composite 3 detected not only as CeO- but present
in the layered structure of the LDH, indicating the cerium substituted AlI** position in the layered
framework. The ability of cerium substituted ion in the framework also found in other material such as
TiO; (Elafia et al. 2023; Lerari & Benaboura, 2015).
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Figure 4. EDS elemental distribution map (a), EDS spectrum (b) and histogram of layered diameter
distribution (c) of composite 1, 2, and 3, respectively.

Conclusion

In this study, three new composites containing multimetallic layered double hydroxides [Ni/Al LDH,
Ni.Co/Al LDH, and Ni.Co/Al.Ce LDH] and bayerite/boehmite/ceria successfully prepared by grinding
method in mortar. The presence of LDH and its composite was confirmed by the powder XRD and FT-
IR spectroscopy. The structure of the new composites was layered materials confirmed by FE-SEM.
The EDS spectra indicated the presence of multimetallic components in the composite.
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