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Abstract. In this study, the Mg/Al hydrotalcites-like compounds with Mg/Al
molar ratio of 2 was synthesized by coprecipitation method at pH + 10.0, tempera-
ture 70°C for 1 hour. After cooling, it treated under aging treatment conditions at
30°C. The effect of various aging time on treated samples was studied for 1, 2, 3
and 4 days were chosen. The materials were characterized by powdered sample
X-ray diffraction (XRD), Fourier transforms infrared spectroscopy (FT-IR) and
scanning electron microscopy (SEM). The XRD pattern obtained was typical of
a hydrotalcite, where show the narrow and sharp symmetric (003) reflection and
strong lines at low 20 angles. The spectra demonstration wide asymmetric peaks
at higher angles, that are typical of clay crystals possessing a layered structure and
are similar to the form of natural hydrotalcite. Furthermore, it is shown that aging at
an increased time, better crystallinity and the treatment in water slightly than in the
mother liquid caused in a crystalline matter.
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Introduction

Hydrotalcite (HT) is a type of hydroxycarbonate of magnesium and aluminum
with the layered structure, fitting to the anionic clays group. The general formula
of HT is [M, **M _**(OH),]*"A™], .mH,O, where M** and M*" are the divalent and
trivalent cations in the octahedral positions in the hydroxide layers. The value of
x has usually varied between 0.17 and 0.33, while A™ is an interlayer anion with
a negative charge, and #n, b is the charge of the layer and m is the number of water
molecules (Cavani et al., 1991; Kovanda et al., 2009; Liao et al., 2012). The varied
in a range of this type of materials, causing the synthesis results can be applied in
various fields. The variety of applications including adsorbents, ion exchangers,
catalysts and catalyst precursors, stabilizers, anion scavengers, and biological as-
pects (Vaccari, 1998; Perez et al., 2006; Choy et al., 2007; Musumeci et al., 2010).
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Hydrotalcite-like is normally synthesized by coprecipitation method when the metal
cations M(II) and M(III) solution in adequate proportions react with an alkaline solu-
tion. Some factors are essential in the precipitation of hydrotalcite (HT) compounds,
such as the nature of the anions, pH, and the nature of the cations, temperature, their
ratio, aging, and the precipitation method. The product crystallinity is affected by tem-
perature, pH and concentration and/or post-synthesis operations (e.g., aging of the pre-
cipitate). The significant development of the product crystallinity can be attained by
hydrothermal treatment at temperatures. The hydrothermal crystallization is commonly
carried out at to a temperatures of 200°C autogenously pressure within hours to days.
Cavani et al. (1991) had reviewed some points of hydrothermal treatment concerning
hydrotalcite-like compounds. As long as the hydrothermal treatment of Mg/Al hydro-
talcite, a maximum crystal size was attained when longtime crystallization process at a
temperature of 150-200°C (Miyata, 1980; Hickey et al., 2000; Oh et al., 2002; Kovanda
et al., 2005; Sharma et al., 2007). In general, although, the anionic clay elements is
greater than the cationic clays, which makes quite interesting in the capability for im-
proved particle size, their physical and chemical properties. More studies have inves-
tigated the influence of different times on constant temperature (Labajos et al., 1992).
Badreddine et al. (1998) had demonstrated that the carbonate anion concentration in the
hydrotalcite interlayer region is influenced by aging and temperature treatment.

In the current work, we have studied the effect of aging treatment on physi-
cal-chemical properties at room temperature (30°C) condition. The purpose of the
present work was to find understanding the character of hydrotalcite-type materials
in the experimental conditions during different aging treatments.

Experimental

Preparation of samples

One thousand milliliters of 0.10 M Na,CO, solution was added dropwise slowly
into 500 mL of the MgCl,.6H,O, which has been mixed with AICI,.6H,0 com-
pound with Mg/Al molar ratio 2, under vigorous stirring while maintaining a pH
of 10.5. Once the adding is complete, the mixture stirred, heated to 70°C, and fur-
ther maintained for 1 h. During synthesis, pH is maintained at about 10.5. When
the synthesis results have cooled at room temperature, then the synthesis results
divided into two equal portions for different aging treatments. One portion, call N
sample, was filtered, washed in distilled water until it is free of chloride ions. The
sample then dried for one night and not aged. The remaining portion is prepared to
undergo different aging treatments. Half of the remaining part, called the SNML
sample, is centrifuged at 2800 rpm for 15 min to get a white slurry. After that, the
white slurry is separated from the mother liquid. The white slurry that has been sep-
arated from the mother solution is fed into a 200 mL Erlenmeyer and then is added
distilled water to the mark. While the other half of the samples called DML sample
were not washed and remained in their mother liquid, transferred to a 200 mL Er-
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lenmeyer. Then the two samples were each aged for 1, 2, 3 and 4 days at 30°C and
continuously stirred. After aging, the sample slurry filtered, washed with distilled
water until free of chloride ions. Subsequently, the sample dried for one night.

Experimental techniques

The XRD profile was obtained on a Mac Science MXP3 X-ray diffract meter with
Cu Ka radiation, operated at 25 kV and 20 mA at room temperature from 5° to 70°
20. The detection of the existing crystalline phase is determined by comparison with
pre-existing JCPDS data diffraction files. It is well known that the crystallinity of the
hydrotalcite is significantly influenced by the synthesis procedure and the time of ag-
ing. To minimize errors in results due to the synthesis procedures and other factors, the
percentage of hydrotalcite crystallinity in different aging treatments and crystallization
times was analyzed by comparing the sum of integral intensities of the (003) and (006)
planes. Samples having maximum intensities of the (003) and (006) planes were con-
sidered as 100% crystalline samples (Sharma et al., 2007). Fourier-transform infrared
(FTIR) spectra were recorded using the KBr (2 wt. % sample) pellets technique on
Horiba FT-720 spectrometer in the of 400 — 4000 cm™ range. The scanning electron
microscopy images the hydrotalcite sample was taken on a microscope JEOL-6330F.
The sample is coated with gold using a sputter coating to avoid any charge. The analysis
was employed at an acceleration voltage of 15 kV.

Results and discussion

The XRD pattern of all hydrotalcite samples synthesized by aging treatment is
shown in Fig.1.

The presence of carbonate anions in the hydrotalcite interlayer gallery is confirmed
by characteristic basal spacing d,,, of 7.8 A. The XRD patterns obtained shows a good
agreement with the results obtained by Kloprogge & Frost (1999a; 1999b), Kloprogge
et al. (2002), Millange et al. (2000) and Nyambo et al. (2008). The crystalline compo-
nents in the N, SNML and DML samples show very similarly to some slight differenc-
es. The identification of the crystalline components in the sample shows of one major
component, hydrotalcite, accompanied by a trace amount of other compounds. The XRD
pattern of the three samples undoubtedly demonstrates a layered structure. Peaks appear
showing the reflection symmetry (003) and (006) are narrow, sharp and strong at low 20
(11 —23°). The spectra also show broad asymmetric peaks at 34 — 66°, which are typical
of clay minerals that have a layered structure and are similar to natural hydrotalcite pat-
tern (Miyata, 1980). In addition, the characteristics of the hydroxide lattice sheets in the
synthesized hydrotalcite arise from reflection d,,, and d, , were around two thetas 61° and
64°. If the three samples were compared further, then the N samples prepared by normal
synthesis procedures or not aging treatment, it appears to form the hydrotalcite phase,
although the crystallinity is still poor. In the DML and SNML samples, the XRD pattern
changed significantly when compared to N sample. Changes in XRD patterns on SNML
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Figure 1. Diffractogram of the aging effect on Mg / Al HTlc synthesis at 30° C for
1, 2, 3 and 4 days, respectively

samples showed a crystalline hydrotalcite phase with better crystallinity crystalline) than
the N sample. However, the DML sample showed an additional peak associated with im-
purities or new crystalline phase that predicted is Mg(OH), or AI(OH), compounds. With
increasing time, impurities appear on the DML sample. It is proved that the mother lig-
uid has an influence on the formation of hydrotalcite crystals. The presence of Mg(OH),
and/or AI(OH), as impurities in the DML sample that has been aged for several days is
suspected due to the mother liquid still containing a high concentration of OH". With
high OH-concentrations in the mother liquid, more likely the formation of complex ions
[MgOH]" and [AI(OH),] in the mother liquid. Aging treatment in a given time, provide
the opportunity for these complex ions to react perfectly to form hydrotalcite compounds
even though there is an opportunity of Mg** or AP* ions forming Mg(OH), and AI(OH),.
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To prove the existence of impurities or a new crystalline phase in N, SNML and DML
samples, the XRD pattern of the aging results is compared with the standard XRD pattern
of Al(OH), and Mg(OH), compounds. The XRD diffractogram profile on the effect of the
mother liquid in hydrotalcite synthesis compared with the standard XRD pattern of AI(OH),
and Mg(OH), compounds is shown in Figs. 2 and 3.

The analysis results of Figs. 2 and 3 on all samples have been compared, it is proved
that only the DML samples show the phases of AI(OH), and Mg(OH),. This phase appears
in the same two thetas AI(OH),, which is around 18-21° (Fig. 2) and on the same two thetas
Mg(OH),, is around 19° (Fig. 3).

While two theta around 61-63° or reflections (//0) and (/13) for the three samples ap-
pear identical peaks showing the layered hydroxide structure or the sample having a layer
similar to brucite.

Besides characterized by XRD, the hydrotalcite sample is also characterized by FT-IR.
The characterization results with FTIR are presented in Fig. 4, where previously several
scientists have recorded the infrared hydrotalcite spectrum (Cavani et al., 1991; Labajos et
al., 1992; Fernandez et al., 1997; Abell6 et al., 2005).

The spectrum obtained for N and SNML samples showed a good match with only slight
differences in the peak position compared to the data in the literature (Cavani et al., 1991).
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Figure 2. Diffractogram of the aging effect on Mg/Al HTlc synthesis at 30°C for 1,
2, 3 and 4 days, respectively were compared with the XRD pattern of AI(OH),
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Figure 3. Diffractograms of the aging effect on Mg/Al HTlc synthesis at 30°C for
1,2, 3 and 4 days, respectively were compared with the XRD pattern of Mg(OH),

A very broad band centered around 3500cm! is assigned to the H-bonding stretch-
ing and bent vibrations of the hydroxyl group. This hydroxyl presents on brucite type
layer (Mg/Al-OH) and water molecules interlayer. Shoulders that look around 3000cm
! are hydrogen bonds between water molecules and carbonate anion interlayer. The
intensity of this shoulder increases with increasing hydrotalcite crystallinity. It was in-
dicated by the stronger interactions between layers and interlayer and a well-ordered
interlayer region (Labajos et al., 1992). The presence of the shoulder at 1640cm™ is a
type of the H O band. Sharp and strong vibrational carbonates band (antisymmetric
stretching) seen at 1370cm! may be attributed with a carbonates interlayer (chelating or
bridging bidentate). However, for samples, with lower crystallinity degree, asymmet-
ric carbonates vibrational band are detected. The band intensity at 1370cm! was also
decreased in the low crystalline samples. Bands at 950cm™ for Al-OH deformation and
at 760 cm! for the Al-OH translation were also detected. A peak that appears around
650cm’! is attributed with in-plane carbonate bending. As the molar ratio of Mg/Al hy-
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Figure 4. Spectrogram of the aging effect on Mg/Al HTlc synthesis at 30°C for
1, 2, 3 and 4 days, respectively

drotalcite increases, the broadening peak at about 650cm™ is detected. A band at 554cm
!is attributed with the hydroxyl group translation mode due to influence AP* cations
(Mg/Al-OH translation) (Abell6 et al., 2005). Fig. 4 is FT-IR spectra of the samples
with an aging treatment at a constant temperature 30° C for 1, 2, 3 and 4 days, respec-
tively. It appears that the spectra are displayed showing the same pattern as before the
aging treatment, except the DML spectrum residing in the wavenumber below 1000cm®
!. These changes are suspected due to the formation of new Al-O bond or Mg-O.
Scanning electron micrographs of N samples with DML samples and N
samples with SNML samples are illustrated in Fig. 5 and 6, respectively.
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Figure 5. SEM images of Mg/Al HTlc in (a) N sample and (b) DML-aging sam-
ple at 30 ° C for 4 day

Figure 6. SEM images of Mg/Al HTlc in (a) N sample and (b) SNML-aging sam-
ple at 30 ° C for 4 day

From electron micrographs, it appears that the general morphology of Mg/
Al HTlc was changed during aging treatment. In the N sample, there appears
a fine aggregate, which is considered as an amorphous phase conglomeration.
As the aging time increases, aggregates grow and grow to form flat hexagonal
crystals. Fig. 5 shows that in the DML sample there is still an amorphous phase,
whereas in Fig. 6, the aggregate SNML sample grows to form crystals.

Conclusion

The effect of aging treatment on hydrotalcites leads to an increase in crystallin-
ity. The crystallization of hydrotalcite is significantly affected by the time of aging
treatment. In addition, the hydrotalcite aged in water is obtained a higher crystal-
linity than that aged in the mother liquid. The high pH and the presence of soluble
ions may hinder the dissolution of small particles and consequently the growth of
larger particles.
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