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Abstract

Homoionics, Li(1), Cu(Il), Zn(Il) and Mn(II), were adsorbed in the interlayer spaces of montmorillonite
by conventional cation exchange reactions between the aqueous solution of Li(1), Cu(1l), Zn(Il) and Mn(II) chloride and
montmorillonite at room temperature. The metal-adsorbed montmorillonites were characterized by powder X-ray diffraction,
infrared spectroscopy and thermal analyses. The basal spacings were 1.46, 1.25, 1.52 and 1.61 nm for Li(I), Cu(II), Zn(Il)
and Mn(lII) treated montmorillonites, respectively. The weight losses at the temperature ranges of 200-700°C, 200-650°C,
300-700°C and 200-650°C for Li(I)-, Cu(Il)-, Zn(1I)- and Mn(II)-montmorillonites, respectively, corresponding to the
endothermic peaks in the DTA curves, were ascribed to the dehydration of coordinated water molecules, metal evolution and

dehydroxylation of montmorillonite.
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Introduction

Studies and application of layered inorganic
solids, which can accommodate various types of
organic and inorganic species, are an important topic
from the viewpoints of technological interests as well
as industrial processes (Whittingham, 1982; Yariv
and Cross, 2002). The layered inorganic materials
such as smectite group of layered clay minerals are
extensively studied due to their swelling behavior,
ion exchange property, adsorptive property and large
surface area (Van Olphen, 1977). These properties
suggest potential practical applications as ion
exchangers, adsorbents, catalysts and molecular sieves
(Barrer, 1978, 1989; Theng, 1974; Ogawa and
Kuroda, 1995, 1997). The ion exchange and
adsorption methods of using layered materials are the
most favorite techniques for immobilizing organic and
inorganic substances because of the ease of operation
and the ability to adsorb many different species from
solutions, and so on. The ion exchange and adsorption
processes of cationic, anionic and nonionic species
into layered clay minerals (Angioi et al., 2005;
Carrado et al., 1993; Khaorapapong et al., 2002;
Khaorapapong and Ogawa, 2006; Lagaly, 1986;
Lagaly and Beneke, 1991; Parfitt and Mortland,
1968; Yamanaka et al., 1974; Sanchez-Martin,
2006), layered double hydroxides (Beaudot et al.,
2004; Carrado et al., 1993), and layered
polysilicates (Ogawa and Takizawa, 1999; Peng
et al., 2006) have been proposed so far.

Here, the ion exchange reactions of Li(I),
Cu(I), Zn(II) and Mn(II) cations into montmorillonite
are reported. Clays including layered clay minerals
and their modified forms have believed to be important
in affecting the organic and inorganic contaminates

because of their adsorption and ion exchange properties.
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The adsorptions of Cr(II), Ni(1l), Cu(Il), Pb(II),
Hg(1I), Cd(IT) and La(Il) by clays and clay minerals
such as bentonite, kaolinite, montmorillonite and so
on have been reported (Alba et al., 1997; Brigatti
et al., 2005; Clementz, 1973; Gupta and
Bhattacharyya, 2006; Labhsetwar and Shrivastava,
1992; Velghe et al., 1977). The surfactant-modified
montmorillonite was used for the removal of heavy
metal (Lin and Juang, 2002) and pesticides
(Sanchez-Martin et al., 2005) from water. In this
present work, the feasibility of using montmorillonite
for the removal of metal ions from aqueous solution
by cation exchange reactions between the aqueous
solutions of metal chlorides and montmorillonite was

studied.

Material and methods

1. Material

Na(I)-montmorillonite (a reference sample
from the Clay Science Society of Japan, JCSS-3101,
Kunipia F, obtained from Kunimine, Japan) was used
as the host material. The cation exchange capacity
(CEC) of Na(I)-montmorillonite was 119 meq/
100 g of clay (Sugahara et al., 1984). Lithium(I)
chloride, copper(Il) chloride, zinc(Il) chloride and
manganese(Il) chloride (Analytical Grade) were
purchased from May & Baker Ltd. and Carro Erba
Regenti. The chemicals were used without further
purification.

2. Sample preparation

Homoionic (Li(T), Cu(Il), Zn(IT) and Mn(II))
montmorillonites were prepared by a conventional ion
exchange method. Powders of Na (I)-montmorillonite
were mixed with fresh aqueous solutions of lithium(I)
chloride, copper(Il) chloride, zinc(Il) chloride or

manganese(1l) chloride and the mixtures were stirred
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at room temperature for 24 h. The total Li(I)-,
Cu(Il)-, Zn(II)- and Mn (II)-contents were ten
times of the cation exchange capacity of the Na(I)-
montmorillonite. After the ion exchange reactions,
the resulting solids were collected by centrifugation
and washed with deionized water repeatedly until a
negative chloride ion test with AgNO3 was obtained.
The amounts of homoionic cations determined by
atomic absorption spectroscopy (AAS), were 106,
112, 105 and 109 meq/ 100 g of clay for Li(T)-,
Cu(Il)-, Zn (II)- and Mn(II)-montmorillonites,
respectively.

3. Characterization

The purity and crystallinity were checked by
powder X-ray diffraction measurements (Philips PW
3710 powder diffractometer using monochromatic
CuKa radiation). The infrared spectra of the samples
were recorded on a Perkin Elmer Spectrum One
FT-IR spectrophotometer. The samples were
prepared using the standard KBr method. TG-DTA
curve measurements were performed on a Perkin Elmer
Pyris Diamond TG-DTA instrument at a heating rate
of 10°C/ min under a dry air atmosphere using

Ol-alumina (OC—A1203) as a standard material.

Results and discussion

The amounts of adsorbed homoionic cations
determined by atomic absorption spectroscopy (AAS),
were 106, 112, 105 and 109 meq/ 100 g of
clay for Li(I)-, Cu(Il)-, Zn(II)- and Mn(II)-
montmorillonites, respectively, confirming the high
adsorption affinity of montmorillonite. The Li(I)-,
Cu(Il)-, Zn(II)- and Mn(II)-contents were close
to the CEC value for Na(I)-montmorillonite (119
meq/ 100 g of clay), indicating a complete ion

exchange reaction.
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By the ion exchange reactions of Na(I)-
montmorillonite with the aqueous solutions of Li(I)-,
Cu(Il)-, Zn(II)- and Mn(II) chlorides at the
molar ratio of 1:10, the basal spacings (d) of the
products changed as shown in Fig. 1. The powder X-ray
diffraction patterns of Li(1)-, Cu(Il)-, Zn(II)- and
Mn(II)-montmorillonites (Fig. 1b-e) showed peaks
with basal spacings of 1.46, 1.25, 1.52 and 1.61
nm, respectively. The gallery heights of the interlayer
spaces were determined to be ca. 0.46, 0.25, 0.52
and 0.61 nm by subtracting the thickness of the
silicate layer (ca. 1.0 nm) from the observed basal
spacings. Since the basal spacing of Cu(Il)-
montmorillonite is similar to that observed for Na(I)-
montmorillonite (Fig. 1a), the coordinated water
molecules are thought to take a monolayer arrangement
in the interlayer spaces of Cu(Il)-montmorillonite.
For the basal spacings of Li(1)-, Zn(IT)- and Mn(II)-
montmorillonites (ca. 1.46, 1.52 and 1.61 nm),
the intercalated water molecules are thought to form
a bilayer arrangement in the interlayer spaces of the
montmorillonites. It has been reported that the basal
spacings of the monolayer and bilayer Cu(II)-
hectorite are 1.24 and 1.60 nm (Clementz et al,
1973), being approximately consistent with the present
results.

The TG-DTA curves of Li(I)-, Cu(Il)-,
Zn(I1)- and Mn(II)-montmorillonites prepared by
the reactions with the metal ions are shown in Fig.
2. The endothermic reactions of the products starting
from room temperature, which accompanied the
weight losses, were ascribed to desorption of adsorbed
and coordinated water. Because the starting materials
were stirred in aqueous solution at room temperature
under ambient conditions, an amount of adsorbed HZO
should reside on the surfaces and in the interlayer

spaces. We have reported that the gas evolved at
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57 C was proved to be water by TG-MS analysis
(He flow) of Alg_-montmorillonite (Khaorapapong
et al., 2002). It has been reported that weight losses
at temperatures below 100 C are due to surface-adsorbed
water (Guggenheim and Van Gross, 2001). In the
TG curves (Fig. 2e-h), second weight losses were
observed at the temperature ranges of 200-600 C,
200-650 C, 300-700 C and 200-650 C for
Li(I)-, Cu(I)-, Zn(II)- and Mn(II)-montmorillonites,
respectively. In the corresponding DTA curves, the
endothermic peaks, which were observed in these
temperature ranges, were interpreted to the dehydration
of coordinated waters, metal evolution of exchangeable
cations and dehydroxylation of the silicate layer. The
dehydration, metal evolution and dehydroxylation for
the metal-exchanged montmorillonites appeared at
around 200-780 C (Brigatti et al., 2005;
Labhsetwar and Shrivastava, 1992).

In order to examine the adsorbed states of metal
ions, the infrared spectra of Li(I)-, Cu(1l)-, Zn(II)-
and Mn(II)-montmorillonites were recorded.
The absorption bands characteristic of Na(I)-
montmorillonite (abbreviated as Na-mont)
(Labhsetwar and Shrivastava, 1992) and Li(I)-,
Cu(Il)-, Zn(II)- and Mn(II)-montmorillonites
(abbreviated as Li-mont, Cu-mont, Zn-mont and
Mn-mont, respectively) are given in Table 1. The
infrared spectra of the products can be divided into
two regions. The first region covers the frequency
range 4000-1600 cm™' where stretching and bending
vibrations of the water molecules appear. The second
region (below 1300 cm™) includes the vibrations
due to the silicate layer. The bands in the region
were slightly shifted when compared with those of
the Na(I)-montmorillonite. It should thus be
possible to prove the coordination between water

molecules and Li(I), Cu(Il), Zn(II) or Mn(II)
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cations in the interlayer spaces of montmorillonites.
Compared with the characteristic absorption bands
ascribable to Na(I)-montmorillonite (Table 1), the
slight shifts of the bands observed for metal-exchanged
montmorillonites strongly suggest the formation of
coordinated water with the Li(I), Cu(Il), Zn(II) and
Mn(Il) interlayer cations.

The preparation of metal-exchanged
montmorillonites may lead to novel microstructures
and physicochemical properties. The adsorption and
ion exchange reaction in the interlayer spaces of
layered solids is an effective way to prepare
metal-exchanged layered silicate and layered
silicate nanohybrid materials. Further studies on the
preparation and application of metal-exchanged layered
materials using variable metal cations and layered
solids with different cation exchange capacities are
now under way in order to construct organic-layered
silicate nanohybrid materials with controlled

microstructures and functions.

Conclusions

Montmorillonite is capable of removal of Li(T),
Cu(Il), Zn(II) and Mn(II) cations from
aqueous solutions. The amount of the absorbed metal
ions into montmorillonite is very close to the ion
exchange capacity of Na(I)-montmorillonite. The
gallery heights of the products varied slightly as
compared to the neat Na(I)-montmorillonite,
indicating the different arrangements of the
coordinated water in the interlayer spaces. The
thermal stabilities of the metal-exchanged
montmorillonites were slightly changed by the
adsorption of metal ions and water coordination in

montmorillonite.
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Table 1. Wavenumbers (cm ™) of infrared bands of the products and their assignments.

Assignments Na-mont Cu-mont Li-mont Zn-mont Mn-mont
Al-AI-OH stretching 3632 3632 3628 3630 3628
-OH stretching 3450 3446 3445 3461 3410
-OH bending - 1647 1646 1639 1638
Si-0O-Si stretching 1039 1041 1043 1038 1041
Al-Al-OH bending 914 913 915 914 912
Mg-Al-OH bending 846 845 8417 843 835
Si-O-Al stretching 794 799 799 800 -

- 779 779 - 749
Si-O-Al bending 522 522 522 520 522

Si-O-Si bending 467 467 467 466 467




