
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Synthesis of High Surface Area MgAl2O4 Nanopowder as Adsorbent for
Leather Dye Removal
Edson Luiz Folettoa; Sérgio Luiz Jahna; Regina de Fátima Peralta Muniz Moreirab

a Department of Chemical Engineering, Federal University of Santa Maria, Santa Maria, RS, Brazil b

Department of Chemical and Food Engineering, Federal University of Santa Catarina, Florianópolis,
SC, Brazil

To cite this Article Foletto, Edson Luiz , Jahn, Sérgio Luiz and Muniz Moreira, Regina de Fátima Peralta(2009) 'Synthesis of
High Surface Area MgAl2O4 Nanopowder as Adsorbent for Leather Dye Removal', Separation Science and Technology,
44: 9, 2132 — 2145
To link to this Article: DOI: 10.1080/01496390902775620
URL: http://dx.doi.org/10.1080/01496390902775620

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496390902775620
http://www.informaworld.com/terms-and-conditions-of-access.pdf
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Leather Dye Removal
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Abstract: MgAl2O4 nanopowder has been prepared by alkoxides hydrolysis with
further calcination at temperature of 700�C. The adsorption of a leather dye,
Direct Black 38, onto this material was investigated. The sample was character-
ized by X-ray-diffraction (XRD), N2 adsorption–desorption isotherm and
Fourier transform infrared spectroscopy. The results showed that sample present
a pure phase, and the average nanocrystal size of 8 nm, the BET surface area is
about 206.5m2 � g�1 and total pore volume is about 1.44 cm3 � g�1. Adsorption
kinetics data were modeled by film and pore diffusion model. The experimental
isotherm was described by the Langmuir model. MgAl2O4 nanopowder presented
a great removal efficiency of leather dye by adsorption process, with a maximum
adsorption capacity of 833mg of dye per gram of adsorbent.

Keywords: Adsorption, dye, isotherm, kinetics, MgAl2O4, synthesis

INTRODUCTION

The discharge of dyes in the aquatic environmental generate severe
pollution problems by inhibiting photosynthetic activity (1).
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Conventionally, dye wastewater discharged by the textile industry are
treated with various chemical and physical methods, such as chemical
coagulation, biological treatment, adsorption, ultrafiltration, and photo-
catalytic treatment (2–6). Among several chemical and physical methods,
the adsorption has been found to be superior compared to other techni-
ques for wastewater treatment in terms of its capability for efficiently
adsorbing a broad range of adsorbates and its simplicity of design (7).
Synthetic organic dye adsorption by solid materials has been extensively
studied by many researchers (8–14). However, the search for novel mate-
rials in adsorption process with high performance has been a matter of
interest in the last years.

Spinel is a ternary oxide with a chemical formula of AB2O4, where A
is a divalent metallic cation in a tetrahedral site and B is a trivalent
metallic cation in an octahedral site of the cubic structure. Magnesium
aluminate spinel (MgAl2O4) has a specific combination of desirable
properties such as: high melting point (2135�C), high resistance to chemi-
cal attack, good mechanical strength from room temperature to high
temperatures, low dielectric constant, excellent optical properties, low
thermal expansion, and good catalytic properties (14–17). Convention-
ally, the spinel (MgAl2O4) is prepared through a reaction in the solid state
using MgO and Al2O3 (18,19). In this process, the mixture is calcined
at high temperatures such as 1400–1600�C. An effort to synthesize
MgAl2O4 at lower temperatures has been reached by using chemical
synthesis processes, especially chemical co-precipitation (20) and sol–gel
processes (21,22), where the spinel phase is formed at temperatures
around 700�C. Due to its wide and varied applications, the synthesis
and properties of MgAl2O4 have been the focus of recent research.

In the present work, MgAl2O4 nanopowder was synthesized by
alkoxides hydrolysis with further calcination at temperature of 700�C.
The performance of the solid was investigated in the removal of black
azo dye by adsorption process.

EXPERIMENTAL

Synthesis of the Spinel

The following reactants were utilized: aluminium isopropoxide
[(CH3)2CHO]3Al and magnesium ethoxide (C2H5O)2Mg, both from
Aldrich (purity >98%). For the synthesis, two solutions 0.2M of metallic
alkoxides were prepared using alcohols as the solvent. The first solution
was prepared by dissolving 62.8 g of aluminium isopropoxide (0.308mol)
in 1540mL of isopropanol and the second one was prepared by dissolving
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12.56 g of magnesium ethoxide (0.110mol) in 550mL of methanol. Both
solutions were mixed in a 5L beaker, then heated to the methanol boiling
point and under vigorous stirring 330mL of water was added. After
adding water, the system was kept under heating and stirring for 3 h to
complete the hydrolysis reaction. The formed material was separated
from the alcohols by filtration and further dried in an oven at 120�C
for 24 h, resulting in a fine powder. This fine powder (a mixture of Mg
and Al hydroxides) was put in a 100 mesh sieve and calcined in an oxidiz-
ing atmosphere (air) at temperature of 700�C, for 4 h, to form the
MgAl2O4 spinel phase.

Characterization Methods

Nanopowder was characterized by X-ray diffractometry (XRD) (equip-
ment Shimadzu model XD-7, with Cu Ka radiation). The average size
of the MgAl2O4 spinel crystallite was determined through the Scherrer
equation (using silicon as standard): D¼K�k=(h1=2�cos h), where D is
the average crystallite size, K the Scherrer constant (0.9� 57.3), k the
wavelength of incident X-rays (0.15405 nm), h1=2 the peak width at half
height and h corresponds to the peak position (in this work, 2h¼ 36.89).

Fourier transform infrared spectroscopy (FTIR) spectra were
recorded with a Perkin Elmer 883 infrared spectrophotometer.

N2 adsorption–desorption isotherm measurements were carried out
at 77K using a Autosorb (Quantachrome) apparatus. Specific surface
area determination were evaluated in the equilibrium points P=P0 range
from 0.1 to 0.99 by BET method.

Adsorption Study

Direct Black 38, an azo dye extensively used in the leather industry, was
used as a model compound. The chemical structure of the dye is given in
Fig. 1.

For adsorption tests, 0.2 g of the adsorbent was added to 200mL of
the aqueous solution of dye at different initial concentrations and at
pH¼ 2.5. The pH¼ 2.5 was adjusted by using dilute H2SO4. The result-
ing solution was then stirred continuously at constant temperature
(25� 2�C) in the dark to achieve the adsorption equilibrium of dye on
the solid. During the runs 5mL samples of solution were withdrawn at
regular intervals and were centrifuged and filtered through a 0.22 m
PVDF membrane (Millipore) to completely remove solid particles. The
amount of adsorbed dye on the solid surface was determined by mass
balance. UV-vis absorption spectrum of Direct Black 38 aqueous
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solution at pH 2.5 is shown in previous work (23). All samples were
analyzed using a Shimadzu 1650C UV spectrophotometer at
kmax.¼ 590 nm.

RESULTS AND DISCUSSIONS

Spinel Characterization

The XRD pattern for MgAl2O4 is shown in Fig. 2. All the diffraction
peaks can be perfectly indexed to cubic spinel-structured MgAl2O4

(JCPDS Card No. 77-1203). The peaks and intensities of the produced

Figure 1. Chemical structure of azo dye.

Figure 2. Powder XRD pattern of MgAl2O4 and reference MgAl2O4 (JCPDS
Card No. 77-1203).

MgAl2O4 Nanopowder for Leather Dye Removal 2135

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



powder and that of standard were the same. This indicates that there is a
complete formation of spinel phase in the calcined sample at 700�C. The
lattice constant obtained by refinement of XRD data for the synthesized
MgAl2O4 was a¼ 8.08 Å and is in good agreement with the literature
value (JCPDS Card No. 77-1203). The average crystalline size is about
8 nm, determined by Scherrer equation.

Figure 3 shows the IR spectra of sample calcined at 700�C. Broad
OH� band centered around 3400 cm�1, and the 1630 cm�1 correspond
to H2O vibration band. Bands around 690 and 530 cm�1 are found,
and these bands correspond to the existence of AlO6 groups building
up the magnesium spinel, and indict the formation of MgAl2O4 spinel
for the synthesized sample (24,25).

Representation of nitrogen adsorption–desorption isotherm for
sample of magnesium aluminate calcined at 750�C is shown in Fig. 4.
The isotherm can be classified as type II. The absence of hysteresis is
typical for solids that not present mesoporosity. The BET area surface
of 206.5m2 � g�1 was calculated, and the total pore volume was
1.44 cm3 � g�1. A modified sol-gel route, by combining the gelation and
the coprecipitation process, was developed for the synthesis of high
surface area MgAl2O4 spinel (25). The surface area reaches levels between
151 and 205m2 � g�1. Compared to the conventional method that mixed
MgO and Al2O3, then sintered them at 1400–1600�C to obtained
MgAl2O4 (18,19), the synthetic route employed in this work has excellent

Figure 3. IR spectra of MgAl2O4 spinel calcined at 700�C.
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advantages to obtain high crystalline powders with great specific surface
area, nanometric particle size and high purity at lower temperatures of
synthesis. The values of the surface area obtained by other researchers
were of 13.2 (26), 1.2–5.2 (27), and 36.7–126m2 � g�1 (28).

Considerations on the Removal by Adsorption

The adsorption tests have been carried out in order to evaluate the equili-
brium constants of adsorption. The influence of contact time on dye
removal by MgAl2O4 is presented in Fig. 5. It can be seen that the mate-
rial is efficient at absorbing dye, and the process gradually attains equili-
brium. The time profile of dye removal is a single, smooth and
continuous curve leading saturation, suggesting also the possible mono-
layer coverage of dye on the particle surface. Figure 5 shows also that
the contact time required in attaining equilibrium is about 60min for
all the initial concentrations of the dye.

Several models of adsorption kinetics based on diffusional mass
transport have been reported in the literature (29–31). Adsorption kinetic
data were treated in this work using the film and pore diffusion model. In
the heterogeneous adsorption sequence, mass transfer of dye molecules
first takes place from the bulk fluid to the external surface of the spherical
particles. The dye molecules then diffuse from the external surface into

Figure 4. Nitrogen adsorption–desorption isotherm for MgAl2O4 spinel calcined
at 700�C.
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and through the pores with the particle, within the adsorption taking
place only on the solid surface of the pores.

The mass balance in the adsorbent spherical particle is given by
Equation (1).

ep �
@Ci

@t
¼ Def �

@2Ci

@r2
þ 2

r

@Ci

@r

� �
� @qi

@t
ð1Þ

The initial and boundary conditions are given by Equations (2–4).

t ¼ 0 Ci ¼ 0 ð2Þ

r ¼ 0
@Ci

@r
¼ 0 ð3Þ

r ¼ R
dCi

dr
¼ Kf

Def
� Ci � CBð Þ ð4Þ

Since the equilibrium isotherm can be described according to the
Langmuir model:

@qi
@t

¼ qm � Kd

Kd � Cið Þ2
� @Ci

@t
ð5Þ

Figure 5. Kinetics adsorption of Direct Black 38 on MgAl2O4 with different
initial dye concentrations (MgAl2O4¼ 1 g �L�1; pH¼ 2.5; T¼ 25�C).
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By combining Equations (1) and (5):

@Ci

@t
ep þ

qm � Kd

Kd þ Cð Þ2

 !
¼ Def �

@2Ci

@r2
þ 2

R
� @Ci

@r

� �
ð6Þ

The dimensionless parameter, Biot number (Bi), defines a relative
ratio between the mass transfer in the film around the particle and the
mass transfer inside the particle (Equation (7)).

Bi ¼ Kf :R

Def
ð7Þ

where R is the particle radius. When the Biot number is higher than 100,
the major resistance to mass transfer is within the adsorbent particle
rather than external to the particle.

The effective diffusivity in the pore diffusion model should be
constant and equal to the pore diffusivity, which is also a function of
molecular diffusivity, porosity and tortuosity, defined in Equation (8)
(32). The effective diffusivity accounts for the fact that the diffusion paths
are tortuous, the pores are of varying cross-sectional areas, and not all to
the area normal to the direction of the flux is available (i.e., void) for the
molecules to diffuse (32).

Def ¼
DM � ep

s
ð8Þ

The tortuosity (s) is defined as the relationship between the actual
distance a molecule travels between two points inside the pores and the
shortest distance between those two points (33). Porosity (ep) of the
adsorbent MgAl2O4 was determined as 0.7 and the tortuosity is assumed
to be equal to 1 (34). The molecular diffusivity (DM) of the direct dye was
estimated using the Wilke-Chang expression (Equation (9)), and it is
shown in Table 1.

DM ¼
7:4 � 10�8
� �

/ �Mð Þ0:5T
l � V 0:6

m

ð9Þ

The film diffusion coefficient (Kf) was evaluated according to
Equation 10 (Kf¼ 1.4� 10�2 cm � s�1).

V
dC

dt

� �
t¼0

¼ �Kf � a � C � Csð Þt¼0 ð10Þ
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Figure 5 shows the decay curves of the sorption of dye with different
initial dye concentrations. The curves are generated by solving Equations
(1–6), and the Def values for each initial dye concentration are given in
Table 1. Figure 5 shows an excellent agreement between the predicted
and the experimental data, and the adjusted Def values are similar to that
evaluated by Equation (9), and independent on the initial dye concentra-
tion (Table 1).

The Biot number is high (>100) and indicates that the film around
the particle has negligible resistance to mass transfer of dye to the particle
surface (35).

Figure 6 shows the adsorption isotherm that expresses the adsorbed
amounts as a function of equilibrium concentration for Direct Black 38
in solution. Using the Giles classification (36), the isotherm obtained in

Table 1. Predicted results for the adsorption of direct dye onto
MgAl2O4 using theoretical film and pore diffusion model

C0 (mg �L�1) Def (cm
2 � s�1)

600 1.15� 10�7

700 1.08� 10�7

800 1.22� 10�7

– 3.1� 10�7a

aCalculated according to Equation (8).
Def effective diffusion coefficient.
C0 initial dye concentration.

Figure 6. Direct Black 38 adsorption isotherm onMgAl2O4. (pH¼ 2.5; T¼ 25�C).
Circle data points correspond to the experimental data and the line is the fitting to
the Langmuir model.
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the present work is the Langmuir type (L) with an initial concavity to the
concentrations axis. The L-shape isotherm mean that there is no strong
competition between the solvent and the dye to occupy the MgAl2O4

surface sites.
The data obtained from the adsorption experiments were fitted to the

Langmuir model: (Eq. (10)) (37):

qe ¼
qmbCe

1þ bCe
ð10Þ

were Ce is the concentration of the dye in solution at equilibrium
(mg �L�1), qe is the amount of dye adsorbed per unit weight of the solid
at equilibrium (mg � g�1), b is the Langmuir adsorption constant
(L �mg�1), and qm is the amount of dye adsorbed corresponding to mono-
layer coverage (mg � g�1).

The liner plot of 1=qe versus 1=Ce (Fig. 7) show that adsorption
follows Langmuir isotherm model. The fitting of experimental data to
the Langmuir model resulted in maximum adsorption capacity (qm) of
833mg � g�1 and b¼ 0.0597L �mg�1. In a previous work, Moreira et al.
(23) found a value of qm¼ 154mg � g�1 for the adsorption of dye Direct
Black 38 on commercially available Degussa TiO2-P25 titanium dioxide,
under the same experimental conditions employed in this work. The high
value of qm indicates that the MgAl2O4 spinel has an excellent ability to
the removal of dyes in aqueous solution, which may be attributed to great
specific surface area (206.5m2 � g�1). The lager surface area benefits the

Figure 7. Langmuir model.
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contact between dyes and solids surface and can absorb larger numbers
of dye molecules.

CONCLUSIONS

The MgAl2O4 spinel was prepared successfully by low temperature
process. The synthesized material presents a pure phase and the mean size
of nanocrystal is of nanometric scale, and has high surface area. The
adsorption kinetics was elucidated using the film and pore diffusion
model, and the results showed that the diffusion of the dye in the film
around the particle was faster than the internal diffusion. The adsorption
isotherm was described according to the Langmuir model, and the mono-
layer coverage capacity was 833mg of dye per gram of Zn2SnO4. The
result indicate that MgAl2O4 could be employed for the dyes removal
in aqueous solutions.
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NOMENCLATURE

qm maximum amount of dye adsorbed in the solid phase
b Langmuir equilibrium constant
qe concentration of dye in the solid phase at equilibrium
CB concentration of dye in the aqueous phase at time t
Ce concentration of dye in the aqueous phase at equilibrium
Ci concentration of dye in the aqueous phase inside the particle
Cs concentration of dye at surface ot the solid
Def effective diffusion coefficient
DM molecular diffusivity
Kf mass transfer coefficient in the hydrodynamic film around the

particle
M molecular weight
R particle radius
r radial position in relation to the center of the particle
t time
T temperature
Vm molar volume
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l viscosivity
s tortuosity
/ constant (H2O¼ 2.27)
ep particle porosity
Bi Biot number
a relation between a sphere surface area and its volume
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