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Abstract

The objective of this research is to synthesis of Mg/Al hydrotalcite-like (Mg/Al HTIc) from brine water and its
application as a methyl orange (MO) removal. The research initiated with the synthesis of Mg/Al HTlc from brine
water, which is well known as the desalination process wastewater. Characterization of the Mg/Al HTlc synthesized
was confirmed through X-ray Diffraction and FT-IR Spectroscopy. The determination of optimum acidity, adsorption
rate, and energy and capacity adsorption were studied. The result showed that pH 4 was the optimum acidity for the
adsorption of MO on Mg/Al HTlc. MO was adsorbed at pseudo-second order adsorption rate of 1.03 x 10° g mol” min™
on the Mg/Al HTlc. The adsorption data fitted well into the linearly transformed Freundlich equation.
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1. Introduction

Hydrotalcite-like compound (HTIc) also called layered
double hydroxides (LDHs) or anionic clays, consist of
brucite-like hydroxide sheets. The chemical composition
of an HTlc can be described by the general formula
M"_M" (OH),](A™)x/n.mH,0, where M" is divalent
cationic like Mg”", Zn*", Cu*', etc., M™ is trivalent
cationic like AI*, Cr**, Fe*', etc., and A™ is anion [1-3].
Hydrotalcite have a great variety of uses in many
applications as an adsorbent, anionic exchange, catalyst,
photocatalyst, precursor for preparation of inorganic
materials and medicines [4-8]. There have been
numerous studies on synthesis and adsorption capacity
of Mg/Al HTlc and several studies on their use for the
preservation of water environment [9-12]. Previous
research has shown that HTlc can remove some organic
anionic pollutants [13-14]. Color removal from dye
effluents is one of several major environmental concerns.
Traditionally, biological, physical and chemical methods
have been applied for dye removal [15]. However, many
dyes are poorly biodegradable or recalcitrant to
environmental conditions due to their complex structure
and xenobiotic properties. Furthermore, many dyes are
toxic to some microorganism and may cause direct
destruction or inhibition of their catalytic capabilities

[16]. Chemical and electrochemical oxidations,
coagulation and reverse osmosis are generally not
feasible on a large scale due to economic consideration.
Adsorption, however, is an effective method for dye
removal. Activated carbon is perhaps the most widely
used adsorbent because of its high specific surface area,
high adsorption capacity and low-selectively for both
inorganic and organic pollutants [17]. However,
activated carbon is an expensive method due to its high
price and the difficulties involved in its regeneration for
re-use. In recent years, many low-cost natural materials
such as natural clay, materials produced from
agricultural by-products and industrial solid wastes such
as fly ash and coal, as dye adsorbents have attracted
interests of environmental scientists [18-21]. However,
these materials generally have low adsorption capacities
and hence, large adsorbent dosage is required to achieve
a low dye concentration of the effluents.

The applications of hydrotalcite-like as adsorbents to
selectively remove anionic pollutants from aqueous
solutions have attracted considerable attention in the
recent decade [22-25]. However, studies on adsorption
of methyl orange on HTlc in aqueous system are limited
[26].
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In the present study, the removal of MO on Mg/Al HTlc
synthesized from brine water was investigated. The
performance of the Mg/Al HTlc was evaluated in term
of its capacity and rate of adsorption for dissolved MO.
Adsorption capacity is determined using the Langmuir
isotherm model, while adsorption rate is calculated
using a kinetics model.

2. Methods

Materials. Materials consists of sodium carbonate
(Na,CO3); sodium bicarbonate (NaHCO;), sodium
hydroxide (NaOH); chloride acid (HCI) and aluminum
chloride hexahydrate (AICI;.6H,O) were used for
preparation of starting solution as well as the synthesis
of Mg/Al HTlc without further purified. The natural
brine water sample was taken from Tanjung Jati B,
Jepara, Central Java, Indonesia Coal Fired Power Plant
(CFPP). The commercial HTlc was obtained from
WAKO, Japan. The redistilled water was used during
the synthesis. MO provided by the Merck and used as
received without further purification. MO solutions
were prepared by dissolving MO in aquabidest.

Instrumentations. Instrumentations used include
Shimadzu Diffractometer XRD-6000, Shimadzu FT-IR-
820 IPC, UV-vis spectrophotometer Hitachi 150-20 and
Shimadzu AA 630-12.

Preparation of starting solution procedure. To 100
mL brine water solution was added 138 mL of a mixed
of 0.001 M Na,C0O;-0.002 M NaHCO; solution, stirring
for 1 h at 95°C and then the solution was filtrated.

Synthesis and characterization of Mg/Al HTIc
procedure. A co-precipitation method following
Kameda [9] with some modifications was used to
synthesis Mg/Al HTlc. Briefly, amount of as prepared
0.1 M Na,COj; solution was added slowly to starting
solution containing AlCl;.6H,0, with an initial Mg/Al
molar ratio of 2.0 until pH 10.5 and then the solution
was stirred for 1 h at 70°C. The product was centrifuged
to recover the white solid at a speed of 2000 rpm for 20
min. The wet cake was washed with aquabidest until
free of ion Chloride (AgNO; test) and dried overnight
with oven.

Powder X-ray diffraction (PXRD) patterns of the
sample were acquired with a Shimadzu Diffractometer
XRD-6000. Fourier transform Infrared Spectroscopy
(FT-IR) spectra were recorded using a Shimadzu FT-IR-
820 IPC. The Mg/Al ratio was determined using a
Perkin Elmer 3110 AAS. In addition, commercial
hydrotalcite characterized used as comparison.

Stability test of Mg/Al HTIc procedure. Fifty
milligrams of Mg/Al HTlc was added to a series of 50
mL of aquabidest and the acidity was then adjusted to

pH 3,5,7,9, 11, and 13 by using either HC] or NaOH
solution. The mixture was stirred for 2 h. After
separating supernatant from the solid, the remaining
Mg/Al HTlc was dried by mean of heating in oven at
105 °C. The stability of Mg/Al HTlc was calculated
based on the weight ratio of the remaining Mg/Al HTlc
relative to its initial weight.

Effect of medium acidity on MO adsorption
procedure. As conducted on the stability test of Mg/Al
HTIc, a series of 50 mL of 5 mg L MO solutions was
prepared and their acidity was adjusted to pH 3, 4, 6, 8,
10, 12, and 13 by using either HCI or NaOH solution.
Into every MO solution, 50 mg of Mg/Al HTlc was
poured and then stirred for 2 h. After filtering through
0.45-um membrane filter, the concentration of MO in
the supernatants were analyzed by using UV-vis
spectrophotometer. Sample and blank solutions were
analyzed under the same condition. The amount of MO
sorbed was determined from the difference between the
initial and remaining amounts of MO in the reacting
solution each time the sample was analyzed.

Preparation of MO solution. Methyl orange used as
received without further purification. The chemical
structure of MO is shown in Fig. 1. MO solutions was
prepared by dissolving MO in aquabidest.

Adsorption rate procedure. Experiments for the
determination of adsorption rate were carried out using
a batch-type reactor of a 50 mL Erlenmeyer in a water
bath at 25 °C. The initial volume and MO concentration
were 50 mL and 5 mg L, respectively. To each
solution, 50 mg of Mg/Al HTlc was added, the medium
acidity was adjusted to pH 4.0, and stirred continuously.
At selected time periods, a sample is immediately
filtered through 0.45-um membrane filter.

In every selected time period, the concentration of the
remaining MO in the supernatant was analyzed by using
UV-vis spectrometer. Sample and blank solutions were
analyzed under the same conditions. The amount of MO
sorbed was calculated by the difference between the
initial and remaining of MO in the reacting solution.

Capacity and energy of MO adsorption procedure.

Experiments for the determination of capacity and
energy of adsorption were also carried out using a
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Figure 1. The Basic Form of the MO Molecule in
Aqueous Solution
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batch-type reactor of a 50 mL Erlenmeyer in a water
bath at 25 °C. The initial volumes of the MO solutions
were 50 mL, and the concentration of MO in the
solutions were varied from 0 to 30 mg L. Into each
MO solution, 50 mg of Mg/Al HTlc was added and
followed by continuous stirring for 2 h. After stirring,
the solutions were immediately filtered through 0.45-
pm membrane filter.

The concentration of MO remaining in the supernatant
was analyzed by using UV-vis spectrometer. Sample
and blank solutions were analyzed under the same
conditions. The amount of MO adsorbed was calculated
by the difference between the initial and the remaining
of MO in the reacting solution.

Relative intensity (counts)

3. Results and Discussion

Synthesis and Characterization of Mg/Al HTlc. Fig.
2 shows the XRD pattern of product precipitated from
starting solution containing AICl; with an initial Mg/Al
molar ratio of 2.0 at 70 °C for 1 h. The XRD pattern of
the Mg/Al HTlc consists of both sharp and symmetrical
peaks with some asymmetrical peaks at high angle,
indicating good cristallinity [27]. The three strong peaks
at 260 values of about 11.59°, 23.45° and 34.57° are
characteristic of a layered structure and correspond to
the (00I) reflections and the diffraction peak near 61.0°
corresponds to the (/70) crystal plane. The presence of
COs™ anions in the interlayer gallery of hydrotalcite is
confirmed by the characteristic basal spacing dy;=7.58 A.
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Figure 2. XRD Patterns of Mg/Al HTIc (a) Synthesis and (b) Commercial
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Figure 3. FT-IR Patterns of Mg/Al HTlc (a) Synthesis and (b) Commercial
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According to Xu and Lu [5], the value of 7.54 A is
characteristic for the (003) reflection of carbonate-
bearing hydrotalcite while Johnson and Glasser [28] and
Kloprogge et al. [29] showed that the (003) reflection
are 7.56 A and 7.83 A respectively.

FT-IR spectra of the HTlc samples are shown in Fig. 3.
The broad peak around 3448 cm™ can be ascribed to the
stretching of OH groups attached to Al and Mg in the
layers. The bending vibration of interlayer water is
found at 1496 cm™. The antisymmetric vibration of
CO5> appears at 1350 cm™. The peak below 1000 cm™
is attributed to lattice vibration of Mg-O, Al-O and Mg-
O-AlL

Stability test of Mg/Al HTlc. Stability of Mg/Al HTlc
toward dissolution increases sharply from pH 1 to pH 3
(Fig. 4). At pH 1, the remaining Mg/Al HTlc in the
solution was only 42.32% and this remaining Mg/Al

100 ~
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HTlc in the solution increased to 94.21% at pH 3. At
lower medium acidities (3 < pH < 13), the remaining
Mg/Al HTlc was relatively constant at value 98.00%.

At high medium acidity (low pH), the hydroxyl groups
in the Mg/Al HTlc are protonated, their bonds to Mg
and /or Al are broken and therefore the dissolution of
metal cations is occurred. The portion of protonated
hydroxide group decreases significantly at pH 3 and
becomes insignificant at pH > 3.

Effect of medium acidity on MO adsorption. The
adsorption of MO on Mg/Al HTlc tends to increase with
increasing medium acidity from pH 3 to 4; and then
falls from pH 4 to 12 (Fig. 5). Since the MO have
pKa; = 3.7 and pKa, = 3.4 [30], with the increasing pH
from 3 to 4, more MO species are suspected negatively
charged and hence the adsorption of MO on the
positively charged Mg/Al HTlc is enhanced. However,
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Figure 4. Effect of Medium Acidity on Stability of Mg/Al HTIc

4.0 5

3.5 o

2.0 1
1.5

1.04

Sorbed MO (mol g™)

0.5 4

0.0

4 O/ \
3.0
| /o

2.54 ©

O\
C

8 10 12

pH

Figure 5. Effect of Medium Acidity on Sorbed MO



MAKARA, SAINS, VOL. 15, NO. 1, APRIL 2011: 9-15

MO adsorbed decreased at pH 6, while at pH 8 MO
adsorbed increased again. This is due to at pH value
below pH,,., Mg/Al HTlc still positively charged.
According to Das et al. [31], pHy. for Zn/Al
Hydrotalcite is 8.78, while for Mg/Al hydrotalcite is
12.0 [32]. Although Mg/Al HTlc still positively
charged, the negatively charged MO must compete with
the excess of hydroxide ion in the solution in occupying
the active sites of the Mg/Al HTlc. This is why that the
adsorption falls at pH higher than 8.

Rate of adsorption. Adsorption kinetics, indicating the
adsorption rate, is an important characteristic of
sorbents. The adsorption profile of 5 mg L' MO
concentration as a function of interaction time is
presented in Fig. 6 (above). The adsorption is initially
rapid and then goes slower. The initial rapid adsorption
was observed for the first 3 min and the adsorption still
increased even at at the adsorption time more than 100
min.
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Two models mentioned in the literature to describe the
adsorption kinetics curves were considered [33]. The
adsorption data matches well with the kinetic model of
pseudo-second order as mathematically expressed in the
following equation:

t 1 1
—= + —t

9t kyq? e

(M

where ¢, and ¢, are the amount sorbed at time ¢ and at
equilibrium, k, is the rate constant of adsorption and ¢
the interaction time.

Plot of /g, against ¢ resulted in linear relationship with
linearity (R?) as high as 0.975 (Fig.6 below). Based on
the slope of the plot, the obtained adsorption rate
constant (k,) was 1.03 x 10° g mol™ min™".
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Figure 6. Adsorption Profile of MO on Mg/Al HTIc as a Function of Interaction Time (a) and Plot of t/q; Against t in the

Kinetic Model of Pseudo-second Order Adsorption (b)
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Adsorption isotherm studies. MO adsorption isotherm
data at 5 mg L' were investigated to fit the models of
Langmuir and Freundlich. These data were obtained by
MO concentration measurement after adsorbent or
adsorbate contact periods equal to the equilibrium times.

The well-known expression of the Langmuir model is

bKC c C 1
m= or —=—+——
1+K.C

m b Kb @

where C is the MO concentration in the solution after
adsorption reaches equilibrium, m is mol of MO sorbed
on 1 g Mg/Al HTlc, K the equilibrium constant, and b is
the maximum amount of MO sorbed on Mg/Al HTlc
(adsorption capacity). By plotting C/m against C, the
values of b can be obtained from the //slope.

On the other hand, the Freundlich equation is

log m =log B + Y/ log C (3)

where C is the MO concentration in the solution after
adsorption reaches equilibrium, m is mol of MO sorbed
on 1 g Mg/Al HTlc, n is Freundlich constant, and B is
Freundlich adsorption capacity (mol g). By plotting
log m against log C, the values of n and B can be
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obtained. The values of b, E and K was obtained from
isotherm Langmuir, whereas B and n was obtained from
isotherm Freundlich and correlation coefficients (R?) are
given in Table 1 and Table 2. It can be seen from Table 1
and Table 2 that the values of the -correlation
coefficients demonstrate almost perfect agreement of
the experimental data with Freundlich model. This,
however, is indicative of the heterogeneity of the
adsorption sites on Mg/Al HTlc particles.

Table 1. Adsorption Capacity (b), Energy (E), and
Affinity (K) were Obtained from Langmuir
Isotherm in MO Adsorption on Mg/Al HTlc

Adsorption parameters

b K E*

2
(10°mol g)  (mol LY'  (kJ mol™) R
32 104989 29.13 0.908
Table 2. Adsorption Capacity (B) was Obtained from

Freundlich Isotherm in MO Adsorption on
Mg/Al HTIc

B

2
(10" mol g™ " R

4.93 1.87 0.929
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Figure 7. Adsorption Profile of MO on Mg/Al HTlc as a Function of the Remaining MO Concentration at Equilibrium (C)
(a) and the Relationship between C and C/m in the Langmuir Isotherm Model (b)
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From plot of log C against log m, the obtained values of
B for the adsorption of MO on Mg/Al HTlc was 4.93 x
10" mol g"'. The linearity (R’) of the plot was 0.929
(Fig. 7, below). Meanwhile, after obtaining » from
Langmuir isotherm, the value of K is then able to be
determined from the intercept of plot of C/m against C.
The calculation yields K value was 1.05 x 10° (mol L)
According to the equation E; = -AG; = RT In K, the
adsorption energy (E;) is then obtained as high as 29.13
kJ mol ™.

4. Conclusion

It was confirmed that Mg/Al HTlc synthesized from
brine water was able to be used as sorbent for MO in
solution. As-prepared the other HT or HTlc, this sample
exhibit the (003) reflection of 7.58 A. The adsorption of
MO was predicted to occur mainly on the outer surface
through pseudo-second order adsorption reaching
equilibrium. Adsorption isotherm was well described by
the Freundlich model.
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