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A nanosized hydrotalcite crystal was synthesized by copre-
cipitation method. The crystal shows high-efficiency adsorbance
of harmful anions and distinct thermal behavior.

Hydrotalcite is a class of anionic clay. The structure is based
on brucite-like layers in which some of the divalent cations have
been partially replaced by trivalent ions giving positively charg-
ed sheets. This charge is balanced by intercalation of anions in
the hydrated interlayer regions. (Mg, Al)-hydrotalcite is well
known for its relative stability over a wide range of pHs
(pH = 4-13) compared with other metals in layered double hy-
droxides (LDHs). The anion-exchange property of LDHs means
that they can adsorb harmful anions (such as CrO4%~, F-,
Se04%>~, AsO3°~, and B(OH)™) and can be applied to the
purification of polluted water, the prevention of the elution of
harmful substances, and soil improvement.

The adsorption behavior of hydrotalcite has been studied by
many researchers.!> However, commercially available carbon-
ate ion hydrotalcites exhibit very weak adsorption behavior, un-
less they are calcined and decarboxylated. This is because
hydrotalcites exchange anions for carbonate ions selectively.
Crystallite size is considered to be a key factor in this high
selectivity of anion exchange.

In this study, a nanosized hydrotalcite crystal was prepared
and used to adsorb various harmful anions. The product was
characterized, and its adsorption ability and behavior at high
temperatures were compared with those of a commercially
available hydrotalcite.

(Mg, Al)-hydrotalcite was synthesized by coprecipitation
method. A solution of 1 M AI(NO3)-9H,0 and 1 M Mg(NO3);-
6H,0 was added with vigorous stirring to a solution (pH = 10—
11) of 1 M Na,CO3 and 0.1 M NaOH under ambient conditions.
The aging time was approximately 1-2 min. The solid phase was
separated from the liquid phase by centrifugation and washed
thoroughly with distilled water (80 °C). Finally, the solids were
dried at 80 °C for 24 h.

Figures la and 1b show the X-ray diffraction (XRD)
patterns of the obtained sample and a commercially available
hydrotalcite from Kyowa Chemical Industry Co., Ltd. Crystallite
size was estimated by Scherrer’s method using the XRD patterns
of 003 reflection for each sample. The average crystallite sizes
were approximately 9.1 nm for the obtained sample and 36 nm
for the commercial product. In this experiment, the synthesized
hydrotalcite was aged under ambient conditions for only a few
minutes to prevent crystal growth; note that highly crystalline
hydrotalcite is usually synthesized at a high temperature for
several hours or a few days.!*7 The XRD patterns show that
nanosized hydrotalcite was synthesized.

The adsorption of CrV¥!, B, and F ions was analyzed using
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Figure 1. XRD patterns of synthesized sample (a) and commer-
cial product (b).

the synthesized sample in a dilute solution (100 ppm) prepared
from a standard solution for atomic adsorption analysis. The
sample (1 g) was added to the dilute solution and stirred with a
magnetic stirrer for 60 min at room temperature. The liquid
phase was separated from the suspended solution by filtration.
The concentrations of various anions in the filtrates were
measured using a UV-vis photometer. The concentration of
each anion as a function of time is shown in Figure 2. The kinetic
curves show that the synthesized sample has an improved
adsorbing capability for each anion compared with the commer-
cial product. For Cr'! and F, equilibrium states were reached
about 1 min (Figures 2a and 2c). The synthesized sample showed
a particularly high adsorption ability for Cr"!, because 99.9%
of the anion was adsorbed within about 1 min. Using the synthe-
sized sample, the amount of B removed increased rapidly during
the initial 1 min, and after that increased slowly until 60 min;
almost no B was adsorbed by the commercial product
(Figure 2b). After 60 min, the synthesized sample adsorbed
92.2% of the total B. Both the large surface area and the short
diffusion length due to the small crystal radius are considered
to contribute the improvement of exchange ability. The anions
are thought to be predominantly adsorbed on the surface and
edge face of the crystal rather than the anion exchange on the
interlayer.
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Figure 2. Concentration changes of Cr'!, B and F due to ad-
sorption on synthesized sample and commercial product as func-
tions of time.

In situ high-temperature XRD (HT-XRD) analysis was
carried out in the temperature range of 30-1000°C in static
air. Figures 3a and 3b show the HT-XRD patterns of the synthe-
sized sample and commercial product. A new diffraction line
was observed at 200 °C for the commercial sample (Figure 3b).
This phenomenon is consistent with previous studies’'* and is
caused by the elimination of interlayer carbonate and water.
Moreover, MgO appeared above 400 °C, and other new diffrac-
tion lines were observed at 1000 °C, which is explained by a
phase transition to a spinel phase.”® For the synthesized sample,
the thermal behavior is different from that of the commercial
product. The 003 reflection is gradually shifted to high 26 angles
between 30 and 300°C. This shift indicates that interlayer
carbonate and water are eliminated gradually; that is, the fixation
of carbonate and water is weak. Similarly to the commercial
product, it decomposes and recrystallizes to form MgO above
400°C. The diffraction pattern of the spinel phase was also
observed at 1000°C, but it was clearly definitive compared
with that of the commercial sample. This result indicates that a
spinel phase is readily formed using the nanosized crystallite hy-
drotalcite as a starting material.

In conclusion, a nanosized hydrotalcite crystal of particle
size below 10nm was synthesized by coprecipitation. The syn-
thesized sample shows thermal desorption behavior different
from a commercial sample and a marked improvement in its
ability to adsorb harmful anions.
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Figure 3. In situ HT-XRD patterns of synthesized sample (a)
and commercial product (b).
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