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Layered double hydroxides (LDHs) with different divalent ions (Mg?*, Cu?*, Ca%*, Ni*, Co?*, and Zn?*) were
successfully synthesized by a hydrothermal method induced by slow hydrolysis of urea. The as-synthesized samples
were characterized by X-ray diffraction (XRD) analysis, thermogravimetric (TG) analysis, and scanning electron
microscopy (SEM). From the SEM results, we can concede that the morphology of LDHs is dependent on the
divalent ions. LDHs Mg/Al and LDH Co/Al sample exhibit hexagonal platelet morphology with the micro scale .
Differently, in LDH Ni/Al sample, the SEM image shows that these LDHs exhibit 3D microflower structure
constructed by plentiful intercalated round nanoplates, while the irregular shape and size was observed in three remain
samples (LDHs Cu/Al, LDHs Ca/Al, and LDHs Zn/Al sample).
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Introduction

Layered double hydroxides (LDHSs), hydrotalcite-like compounds
or anionic clays, have received considerable attention due to their
unique layer structure and anion exchange capability. LDHs
foundwidespread applications in areas such as [1-3], adsorbents
[4,5], anion exchangers [6—8], and in biochemistry [9-11].

It is well-known fact that the LDHs structure consists of brucite
layers where a partial M?*/M3* substitution has taken place, thus
requiring interlayer anions to balance the positive charge of the
layers. The general formula is LY Mi*(OH)Z][ " .mH,0] where

x/n

x = M*/ (M2 +M?*") and n is the formal charge of the anion. M2*

can be Mg?, Cu®, Ca*, Ni**, Co?, and Zn?**. M® can be AlI¥,
Cr3*, Co®, Fe¥, and Mn®. The interlayer anion A can be Cl-, NO*
» CO%, or organic anions.

It is documented that the synthesis methods can significantly
affect the morphology, size, surface area and phase structure of
LDHs. The main synthesis approaches of LDHs include
coprecipitation [12], reconstruction [13], anion exchange[14],
glycerol-effected exchange[15], and homogeneous
precipitation[16]. Hydrothermal synthesis method has also been
employed produce LDHs because they have a distinct effect on the
crystalline morphology and crystalline phase.

In this study, we report on a one-step hydrothermal approach
induced by slow hydrolysis of urea for synthesizing LDHs with
different divalent ions (Mg?*, Cu?*, Ca®", Ni?*, Co*, and Zn?).
Full characterization of the solids prepared has been achieved
using X-ray diffraction (XRD) analysis, FT-IR, thermogravimetric
(TG) analysis, and scanning electron microscopy (SEM).

Experimental

Mg(NO3)2.6H0  (299.9%),  AI(NO3)s.9H20  (>98.0%),
Cu(NO3)2.3H:0  (294.0%),  Ca(NO3)2.4H,0  (>99.0%),
Ni(NOs)2.6H,0  (>98.5%),  Co(NOg)2.6H:0  (>98.0%),

Zn(NO3)2.6H20 (>98.0%), and urea were purchased from Aldrich
and used as received. LDHs were synthesized by homogeneous
precipitation method using urea hydrolysis method [30]. For the
synthesis of Mg/Al LDH, a mixture of Mg(NOz)2.6H0 (6.7
mmol), AI(NO3)3.9H20 (3.3 mmol), and urea (20 mmol) was
dissolved in 100 mL distilled water with magnetic stirring at room
temperature. The resulting clear solution was transferred into a
Teflon-lined autoclave and heated at 150 °C for 24h. The solid
precipitate was separated by centrifugation and washed with
distilled water subsequently. The final product (LDH Mg/Al) was
dried at 90 °C till constant weight. LDHs containing cobalt or
nickel were prepared with the same methods as the preparation of
LDH Mg/Al sample by the replacing Mg(NOs)2.6H20 with
Cu(NOs3)2.6H20, Ca(NO3)2.6H20 Ni(NOz3)2.6H20, Co(NO3)2.6H20
or Zn(NOz3)2.6H20. The obtained samples were named as LDH
Cu/Al, LDH Ca/Al, LDH Ni/Al, LDH Co/Al and LDH Zn/Al,
respectively.

Thermogravimetric analysis (TGA) carried out at a heating rate
of 10°/min under an air flux up to 900 °C using a Perkin-Elmer
Pyris 1 analyzer. The crystal structures of LDHs samples were
examined by powder X-ray diffraction (XRD) patterns with Cu
Ka radiation (A = 1.5405 A) in the 20 range of 5-80° (Philips
X’pert-MPD, Netherlands). The changes in the surface chemical
were investigated by  Fourier  Transformed Infrared
Spectrophotometry (FT-IR) using a BOMEM Hartman & Braun
FT-IR Spectrometer in the frequency range of 4000 - 400 cm™.
The morphology of the samples was investigated by Field
Emission Scanning Electron Microscopy (FE-SEM) using a JSM-
6700F (Japan) at an accelerating voltage of 120 kV.
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Figure 1: The TG/DTA of LDHs samples: (a) LDH Mg/Al, (b) LDH Cu/Al, (c) LDH Ca/Al, (d) LDH Ni/Al, (¢) LDH Co/Al, and (f) LDH Zn/Al

Results and Discussion

Layered double hydroxides (LDHs) with different divalent ions
(Mg?, Cu?*, Ca?, Ni%*, Co?, and Zn?*) were successfully
synthesized by a one-step hydrothermal method induced by slow
hydrolysis of urea. TGA analysis was used to analyze the thermal
evolution of the LDHs samples, as shown in Fig. 1. Generally, all
sample displays two degradation patterns: (i) An initial weight loss
corresponds to the evaporation of water including adsorbed water
and dehydration of interlamellar water; (ii) a second mass loss
ascribes to the dehydroxylation of the lattices and decomposition
of the interlayer anions, resulting in a final product that is a
mixture of magnesium (copper; Ca; Ni; Co; or Zn) aluminium
oxides [17,18]. However, in the Mg/Al LDH the TGA data shows
less-defined decomposition ranges, indicative of the phase
impurity malachite.

The crystalline structure of the as-prepared LDHs samples was
determined by XRD. The XRD patterns of the LDHs Mg/Al
samples, shown in Fig. 2a, exhibit the rhombohedral structure of
LDHs Mg/Al (JCPDS card no. 22-700) [19]. The XRD patterns
consist of peaks at 20 wvalues of 11.7, 23.6, 60.1, 62°
corresponding to the sharp and symmetric reflections for (003),
(006), (110) and (113) planes, respectively; the XRD patterns
consist of peaks at 20 values of 35, 39.6, 47°, corresponding to the
broad and asymmetric reflections for (012), (015), and (018)
planes, respectively [20,21]. No crystalline phase containing oxide
peaks were detected in the LDH Mg/Al sample. Fig. 2b displays
the XRD patterns of LDHs Cu/Al sample. All of the diffraction
peaks can be ascribed to copper aluminium carbonate hydroxide
hydrate (JCPDS card no.37-630) and no impurity peak can be
observed, indicating that the procedure employed in this study
produces an LDH crystal with a well-defined structure [22]. Fig. 2¢

shows the XRD patterns of LDHs Ca/Mg. As shown in Fig. 2c,
there are no peaks indexing the characteristic reflections of layered
double hydroxides, indicating that an LDH crystal with a well-
defined structure was not produced in this our condition reaction.
Fig. 2d depicts the XRD patterns of the LDHs Ni/Al samples with
all peaks indexing the characteristic reflections of layered double
hydroxides (JCPDS card no. 15-0087) [23].
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Figure 2: The XRD patterns of LDHs samples: (a) LDH Mg/Al, (b) LDH
Cu/Al, (c) LDH Ca/Al, (d) LDH Ni/Al, (e) LDH Co/Al, and (f) LDH Zn/Al

Characteristic sharp diffraction peaks were indexed as (003),
(006), and (009) and broad asymmetric peaks were indexed as
(015) and (018). Similarly, The XRD patterns of the LDHs Co/Al
samples, shown in Fig. 2e, exhibit the rhombohedral structure of
LDHs Co/Al (JCPDS card no. 51-0045) with the characteristic
peaks of (003) and (006) planes [24]. The XRD patterns of the
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LDHs Zn/Al samples was shown in Fig. 2f. The result indicated
that an LDH crystal with a well-defined structure was not produced
in this our condition reaction because there are no peaks indexing
the characteristic reflections of layered double hydroxides.
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Figure 3: The FTIR of LDHs samples: (a) LDH Mg/Al, (b) LDH Cu/Al,
(c) LDH Ca/Al, (d) LDH Ni/Al, (e) LDH Co/Al, and (f) LDH zn/Al
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The presence of surfactant in the interlayer region is confirmed
from the FT-IR spectra of LDHs samples (Fig.3). In all the
spectrum of LDHSs, the broad band peak at around 3500 cm can
be ascribed to the stretching vibration of Al-OH/H20 on the LDHs.
The bands which appear from 1000 to 500 cm* can be attributed to

the interlayerCOé' . The lattice vibration bands at 400-800 cm'!
are associated to M—O and O-M-0O groups.

The surface morphologies of the as-prepared LDHs samples
could be visualized by using SEM characterization as shown in
Fig. 4. From the SEM images, the morphologies and shapes of
LDHs samples varied according to the divalent ions (M") such as
Mg?, Cu?*, Ca%, Ni%*, Co%, and Zn?*. This result was conceded
that the morphology of LDHs is dependent on the divalent ions.
For example, LDHs Mg/Al and LDH Co/Al sample exhibit
hexagonal platelet morphology with the micro scale (Fig. 4a and
Fig. 4e, respectively). Differently, in LDH Ni/Al sample, the SEM
image shows that these LDHs exhibit 3D microflower structure
constructed by plentiful intercalated round nanoplates. In addition,
the irregular shape and size were observed in three remain samples
(LDHs Cu/Al, LDHs Ca/Al, and LDHs Zn/Al sample).

Conclusions

Highly crystallized Layered double hydroxides (LDHs) with
different divalent ions (Mg?, Cu?*, Ca%, Ni%*, Co%*, and Zn?)
were successfully synthesized by a hydrothermal method induced
by slow hydrolysis of urea. The physical properties of the
synthesized LDHs were investigated by XRD, FE-SEM, FT-IR,
and TGA. The results show that the morphology of LDHSs is
dependent on the divalent ions. LDHs Mg/Al and LDH Co/Al
sample exhibit hexagonal platelet morphology with the micro scale
. Differently, in LDH Ni/Al sample, the SEM image shows that
these LDHs exhibit 3D microflower structure constructed by
plentiful intercalated round nanoplates, while the irregular shape
and size was observed in three remain samples (LDHs Cu/Al,

LDHs Ca/Al, and LDHs Zn/Al sample).
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Figure 4: SEM images of LDHs samples: (a) LDH Mg/Al, (b) LDH Cu/Al, (c) LDH Ca/Al, (d) LDH Ni/Al, () LDH Co/Al, and (f) LDH Zn/Al.
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