
104

Korean J. Chem. Eng., 32(1), 104-112 (2015)
DOI: 10.1007/s11814-014-0199-8

INVITED REVIEW PAPER

pISSN: 0256-1115
eISSN: 1975-7220

INVITED REVIEW PAPER

†To whom correspondence should be addressed.
E-mail: hosnikhaled@gmail.com
Copyright by The Korean Institute of Chemical Engineers.

Synthesis, structure and photocatalytic activity of calcined
Mg-Al-Ti-layered double hydroxides

Khaled Hosni*,†, Omar Abdelkarim*
,†, Najoua Frini-Srasra**, and Ezzeddine Srasra*

*Centre National des Recherches en Sciences des Matériaux (CNRSM), Pôle Technologique de Borj Cedria, Tunisia
**Faculté des Sciences de Tunis (FST)

(Received 11 March 2014 • accepted 13 July 2014)

Abstract−Mg-Al-Ti layered double hydroxides (LDH), consisting of di-, tri- and tetra-valent cations with different
Al3+/Ti4+ ratio, have been synthesized by co-precipitation which was demonstrated as efficient visible-light photocata-
lysts. The structure and chemical composition of the compound were characterized by PXRD, FT-IR, SAA, N2 adsorp-
tion-desorption isotherms, and DSC techniques. It is found that no hydrotalcites structure were formed for Ti4+/(Ti4++
Al3+)>0.5 and the substitution of Ti(IV) for Al(III) in the layer increases the thermal stability of the resulting LDH
materials. The calcined sample containing titanium showed relatively high adsorption capacity for MB as compared to
that without titanium. Results show that the pseudo-second-order kinetic model and the Langmuir were found to cor-
relate the experimental data well. The photocatalytic activity was evaluated for the degradation of the methylene blue.
The photocatalytic activity increased with the increase of the Al/Ti cationic ratio. 71% of the dye could be removed by
the Mg/Al/Ti-LDH with the cationic ratio Al/Ti=0 : 1 and calcined at 500 oC.
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INTRODUCTION

Environmental contamination is a major problem threatening
societies today. Industrial, agricultural and domestic wastes, due to
the rapidly developing technological progress, are discharged un-
treated directly into the water ways corrupting rivers, lakes and oceans.
While the rates of development and waste production are not likely
to diminish, efforts to control and dispose of wastes are appropri-
ately increasing.

Wastewaters from textile industries represent a serious problem
all over the world. They contain different types of synthetic dyes
which are known to be a major source of environmental pollution
in terms of both the volume of dye discharged and the effluent
composition [1]. Of the volume of wastewater containing processed
textile dyes, it is estimated that 1-15% of the dye is lost in the efflu-
ents during the dyeing process and steady increasing [2]. Among
7×105 tones and approximately 10.000 different types of dyes and
pigments produced worldwide, most of these dyes are toxic, muta-
genic and carcinogenic. Moreover, they are very stable to light, tem-
perature and microbial attack, making them recalcitrant compounds.
From an environmental point of view, the removal of synthetic
dyes is of great concern. Among several chemical, physical meth-
ods and adsorption, photocatalytic degradation is one of the effec-
tive techniques that have been successfully employed for color re-
moval from wastewater. Anatase-type titania has been proven as
environmental friendly photocatalysts because of its capability to
decompose the different organic and inorganic pollutants [3,4]. Ti

containing hydrotalcite have received much attention for their poten-
tial application for removal toxic anionic substances from industry
wastewater [5].

Hydrotalcite is a natural layered mineral, so-called anionic clay,
which constitutes a class of lamellar ionic compound. It contains a
positively charged hydroxide layer and charge-balancing anions in the
interlamellar space besides water molecules. A wide range of com-
positions are possible for synthetic hydrotalcites, based on the gen-
eral formula  where MII and MIII

are the divalent and trivalent cations in the octahedral positions
within the hydroxide layers, where y can have values between 0.17
and 0.33; Xn- is an interlayer anion with a negative charge n− [6-8],
and z is the number of water molecules. Many anions or anionic
complexes, both organic and inorganic, can be incorporated into
the hydrotalcite structure. The reason for the potential application
of hydrotalcites as catalysts rests with the ability to make mixed
metal oxides at the atomic level, rather than the particle level. Such
mixed metal oxides are formed through the thermal decomposition
of the hydrotalcite [9]. A number of papers dealing with systems
containing one divalent (Mg, Fe, Ni, Zn, Co, Mn, Cd, Ca, Cu…)
and one trivalent ‘Al, Fe, Ga, Cr, V, In,…) cation exist [10]. A few
systems containing two divalent and one trivalent cation have been
reported as precursors for mixed oxide catalysts [11]. Only a lim-
ited number of systems containing one divalent and two trivalent
cations have been described [12,13]. Only Saber [14] reported that
the preparation of II-IV-LDH, as Zn-Ti, Zn-Sn and Co-Ti LDH,
consisting of di- and tetravalent cations, is possible.

The present study reports a simplified method to synthesize the
carbonate forms of layered double hydroxides consisting of di- tri-
and tetravalent cations. A series of Mg-Al-Ti-CO3 layered double
hydroxides (LDHs), with different Al/Ti molar ratio, have been syn-
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thesized by conventional co-precipitation of magnesium, aluminum
and titanium salts from homogeneous solution. The composition
of the structure of the dried precipitates was investigated by infra-
red spectroscopy, differential scanning calorimetry (DSC) and pow-
der X-ray diffraction. The calcined samples at 500 oC were tested
for the photodegradation of methylene blue from aqueous solution.

EXPERIMENTAL

1. Sample Preparation
A series of Mg-Al-Ti-CO3 hydrotalcite-like layered compounds

have been synthesized by conventional coprecipitation method with
some modifications using an aqueous solution of Na2CO3 as pre-
cipitant [15]. The samples were synthesized at room temperature
(23±0.1 oC) by dropwise addition, under constant stirring, of a solu-
tion containing of Mg(NO3)2·6H2O, Al(NO3)3·9H2O and TiCl4 (their
concentrations were varied so as to have the Mg2+/(Al3++Ti4+) molar
ratio=3.0 and the Al3+/Ti4+ molar ratio varies from 1 : 0 to 0 : 1) to
another solution containing Na2CO3. The pH of the slurry was main-
tained constant at 10±0.2 by adding Na(OH) (2N) when necessary.
The slurry was subsequently aged at room temperature for 24 h.
The resulting precipitates were collected by centrifugal separation
and washed thoroughly with deionized water to eliminate excess
Na+ and chloride ions, followed by drying overnight at room tem-
perature. The samples were identified as Al/Ti x : y, where x : y rep-
resents the Al/Ti molar ratio. For example, Al/Ti 9 : 1 stands for
the precipitate prepared with 90% of Al3+ and 10% of Ti4+.
2. Characterization of Materials

The dried precipitates were characterized by X-ray diffraction
(XRD) to determine the species present and their degree of crys-
tallinity. The X-ray diffractograms were obtained by using a PAN-
alytical X’Pert HighScore Plus’ diffractometer using monochromated
CuKα radiation. Nitrogen adsorption measurements were performed
at −196 oC with an Autosorb-1 unit (Quantachrome, USA) for the
determination of sample textural properties using the multipoint
Brunauer-Emmet-Teller (BET) method. The samples were out gassed
at 120 oC under a vacuum at 10−3 mmHg for 3.5 h. Fourier-trans-
form infrared (FT-IR) spectra were recorded as KBr pellets using a
Perkin-Elmer FT-IR (model 783) instrument. KBr pellets were pre-
pared by mixing 5wt% anionic clay with 95wt% KBr and pressing.
Differential scanning calorimeter (DSC) experiments were performed
with Mettler Toledo DSC-823 type thermal analyzer at heating
rate of 20 oC·min−1. The Mg, Al and Ti contents were assayed by
atomic absorption spectrophotometer (AAS Vario 6).
3. Photocatalytic Reactions

The photo-degradation of methylene blue (MB) in aqueous so-
lution using the calcined samples was carried out in a 1,000 mL
Pyrex reactor under irradiation with visible-light. The visible light
irradiation source was a 300 W xenon lamp equipped with a wave
length pass filter with a length of 420 nm. Running water was cir-
culated through the jacket to ensure constant temperature of the
action mixture, which was stirred magnetically. Appropriate amount
of catalyst (1,000 mg) was added to 1,000 mL MB solution (50 mg
L−1) and vigorously stirred in the dark for 120 min to reach the ad-
sorption-desorption equilibrium before the irradiation started. Then
the reaction solution was exposed to visible-light irradiation while

being agitated with a magnetic stirrer. At given time intervals, ana-
lytical samples (3 mL) were taken from the reaction dispersion,
followed by centrifugation to separate the solid from the liquid
before measurement. The filtrates were analyzed quantitatively by
measuring the absorption band maximum (669 nm) using a Hach
RD/4000 UV-vis spectrophotometer. Calibration curves were con-
structed for MB degradation, and all experiments were performed
three times to verify the repeatability of the results. The blank reac-
tion was carried out following the same procedure without add-
ing catalyst.

RESULTS AND DISCUSSION

1. Characterization of the Mg-Al-Ti-LDHs 
1-1. X-ray Powder Diffraction

Fig. 1 illustrates the powder XRD patterns for Mg-Ti LDHs with
various Al3+/Ti4+ molar ratio in the preparation process. A strong
reflection (003) was observed just for the samples prepared with
Al3+/Ti4+ molar ratio of 2 : 1, 3 : 1, 9 : 1 and 1 : 0; XRD patterns also
show the reflections of (006), (012), (110) and (113), which can be
indexed to typical LDH materials (PDF card No 14-0191) [16]. The
difference between these samples is in the intensity of the (00l) reflec-
tion. As the Ti4+/(Ti4++Al3+) molar ratio increases, from 0 to 0.5, the
intensity of the reflections decreases, corresponding to an increase
of the formation of the LDH structure. Above this ratio, the XRD
patterns of samples show that no hydrotalcite structure is formed.

Fig. 1. X-ray diffraction pattern of uncalcined samples.
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It was found that the basal reflection (2θ≈10.8o, d003=0.78 nm)
of Mg-Al-Ti LDHs displayed a little shift to higher scattering angle
compared with natural and synthetic carbonate-containing hydro-
talcites with divalent and trivalent cations in the host layers (2θ≈
11.6o, d003=0.77 nm) [17,18], indicating that the basal spacing in-
creases with the incorporation of tetravalent metal (Ti) in hydro-
talcites materials. This is in accordance with the previous report
on Ti-containing LDHs [19]. The increase in the interlayer distance
of Mg-Al-Ti-CO3 LDH could be attributed to the larger ion radii
of Ti4+ than that of Al3+ (0.072 nm versus 0.052 nm).

Assuming a hexagonal crystal system, the lattice parameters were
calculated from (110) and (003) reflections and are collected in Table
1. The a parameter corresponds to the cation-cation gap within
the brucite layer and the c parameter is the thickness of the layer
made of a brucite-like film and an interlayer. The marginal increase
of lattice parameters, a and c, in Ti-HT compared to those found in
case of Mg-Al-HT (sample noted Al/Ti 1 : 0) could be due to (i)
substitution of Al3+ (r=0.053 nm) by the relatively larger Mg2+ ion
(0.057 nm) as a result of lowering Al3+ ion equivalent to Ti4+ con-
tent in the precursor or (ii) partial incorporation of Ti4+ (r=0.072
nm) in place of Al3+ (r=0.053 nm) in the HT framework [20]. The
latter effect caused a higher amount of CO3

2− as compensating anion
in the interlayer, which led to an increase of c parameter.

The nature of the crystalline phases generated after calcination
of Ti-LDH is of interest from the viewpoint of their photocatalytic

application. Fig. 2 indicates the decomposition of Mg-hydrotalcite
upon calcining at 500 oC for 4 h. The XRD pattern (Fig. 2) shows
that the layered structure of the original LDH is completely destroyed
and indicates only MgO peaks (PDF card No 89-7746) [21,22], sug-
gesting an almost total decomposition of the original LDH and elimi-
nation of the most interlayer carbonate anions and water-like phases
due to the collapse of layered structure. No TiO2 phase observed
shows that Ti4+ is dispersed in MgO rock salt phase as a solid solu-
tion. The formation of solid solution is also observed during the
thermal decomposition of Mg-Al LDH [23]. However, for the sam-
ples containing a higher quantity in Ti4+ (samples prepared with a
Al/Ti=1 : 1; 1 : 3; 0 : 1) the calcination with 500 oC gives place to
the formation of a mixed oxide MgTi2O5  (PDF card No 762373).
1-2. Element Chemical Analysis

Element chemical analysis for Mg, Al, and Ti for the samples
prepared is included in Table 1. The molar Mg/(Al+Ti) ratio was
in all cases reasonably close to the expected value of 3. The analyt-
ical data suggest that the Ti4+ is included in the composition of the
brucite layer of the LDH samples.
1-3. FT-IR Spectroscopy

The FT-IR spectrum of the sample prepared with Al/Ti=0 : 1,
illustrated in Fig. 3, shows a strong band centered around 3,450
cm−1 that is ascribed to a superposition of the OH stretching mode
of layer hydroxyl groups and hydrogen-bonded interlayer water
molecules. For hydrotalcite Al/Ti=1 : 0 this band appears around

Table 1. Composition and surface area of the various solids and lattice parameters of the LDH samples

Sample
 Mg : Al : Ti Lattice parameters Surface area m2·g−1

In solution In solid a (Å) c (Å) Before calcination After calcination
Al/Ti 1 : 0  3.0 : 1.0 : 0000.  2.98 : 1.05 : 000. 3,066 23,397 65,75 099
Al/Ti 9 : 1  3.0 : 0.9 : 0.100  2.94 : 0.79 : 0.09 3,068 23,490 64,99 102
Al/Ti 3 : 1  3.0 : 0.75 : 0.25  2.79 : 0.73 : 0.26 3,070 23,521 55,99 105
Al/Ti 2 : 1  3.0 : 0.67 : 0.33  2.92 : 0.65 : 0.31 3,072 23,655 48,14 109
Al/Ti 1 : 1  3.0 : 0.50 : 0.50  2.99 : 0.47 : 0.51 -- --- 47,79 119
Al/Ti 1 : 3  3.0 : 0.25 : 0.75  2.83 : 0.23 : 0.76 -- -- 37,09 121
Al/Ti 0 : 1  3.0 : 0.0 : 1.000  2.93 : 0.0 : 1.020 -- -- 33,24 139

Fig. 2. The XRD pattern of the samples calcined at 500 oC.
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3,550 cm−1. The extreme broadness of the OH band is due to the
presence of hydrogen bonding between hydroxides of layers, inter-
layer water and anions in the interlayer gap. The shift of OH stretch-
ing mode of layer hydroxyl groups to low frequency is probably
caused by the electron density on the O-H bond modified by Ti4+

electro-negativity [24].
A weak shoulder band at around 3,020 cm−1 has been ascribed

to the OH stretching mode of interlayer water molecules, hydro-
gen-bonded to interlayer carbonate anions [25] which appears only
in the spectra of the samples prepared with Al/Ti=1 : 0; 9 : 1; 3 : 1;
and 2 : 1 (samples containing a relatively small quantity of Ti4+).
The absence of this band for the other samples shows that no hy-
drotalcites were formed if Ti4+/Al3++Ti4+>0.5. This observation was
confirmed by the XRD results.

The spectra of the sample prepared with Al/Ti 9 : 1 3 : 1 and 2 : 1
show a low-resolution band around 1,640cm−1 ascribed to the bend-
ing mode of water molecules, which indicates a small amount of
interlayer water in the samples due to abundant anions compen-
sated positive charge of the layer.

For carbonate LDH, which consists of Mg and Al (sample Al/Ti
1:0), interlayer carbonate anions are symmetrically hydrogen-bonded
to water molecules. Only a single band is observed at 1,380 cm−1,
so the symmetry of carbonate anions is close to free anions. For
Mg-Al-Ti-CO3, however, this band is split into two located at 1,509
and 1,385 cm−1. The splitting is probably due to the restricted sym-

metry in the interlayer space. Ti4+ cations incorporated in the bru-
cite-like layer bring two valence positive charges, so the electro-
static attraction between the layer and the interlayer carbonate anions
is stronger than that in Mg-Al-CO3 LDH, influencing the symme-
tries of the interlayer anions [26].

Bands at lower wave numbers might be due to other vibrational
modes of hydrogen carbonate but more probably to vibrations im-
plying M-O, M-O-M, and O-M-O bonds in the layers. The band
between 440-420 cm−1 is due to the metal-oxygen vibrations in the
layers and is typical of this kind of layered solids [26].
1-4. Textural Properties

Low temperature N2 adsorption-desorption isotherms of Mg-
Al-Ti-CO3, with various molar ration of Al/Ti, show a type II iso-
therm (figure not shown) due to capillary condensation in meso-
pores where adsorption is limited for high relative pressure [27].
The isotherms were found to exhibit H3 type hysteresis loop char-
acteristic of pores with narrow necks, which is associated with aggre-
gates of plate-like particles giving rise to slit-shaped pores. The specific
surface areas of the Mg-Al-Ti-CO3 were determined by the single-
point BET method and were included in Table 1. It was found that
the values of the specific surface areas of the calcined samples were
much greater than the values obtained for their precursors at the
precursor temperature at 120 oC. It was suggested that a porous
system was developed in the calcined sample during the transfor-

Fig. 3. FT-IR spectrum of the Mg-Al-Ti-CO3 with different Al/Ti
molar ratio.

Fig. 4. DSC of the Mg-Al-Ti hydrotalcite.
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mation of CO3
2− to CO2 [28].

1-5. Thermal Analysis: Differential Scanning Calorimetry
Minerals such as the synthesized hydrotalcites decompose at low

temperatures and lend themselves to differential scanning calorime-
try. Fig. 4 displays the analyses of the Mg/Al/Ti hydrotalcites, clearly
showing that the thermal decomposition is complex with many
overlapping peaks. It is convenient to subdivide the data in accor-
dance with the temperature range: (a) steps below 200 oC, (b) steps
from 200 to 300 oC, (c) and steps above 300 oC. For the Al/Ti=1 : 0
sample two predominant heat flow steps are observed at 64 and
around 192 oC. These two heat flow steps are attributed to adsorbed
water and to interlayer water [29]. The higher temperature heat
flow steps observed at around 334 oC are assigned to the loss of
hydroxyls from the structure. Upon substitution of the Al by Ti,
this heat flow step passes to 383 oC when Ti4+/(Ti4++Al3+) molar
ratio increases from 0 to 0.5, indicating that the introduction of
titanium improves the thermal stability of hydrotalcite. This behav-
ior can be explained as follows: the interlayer carbonate ions, ini-
tially arranged parallel to the brucite layers, are arranged perpen-
dicular to the layers following the introduction of titanium ions.
This shift can be explained by the strong interaction titanium-car-
bonate. This behavior was observed by Saber, 2008 [30]. The hypoth-
esis of arrangement switching carbonate ions is already justified by
the evolution of the parameter c previously calculated.

For samples prepared with ratios of Ti4+/Al3++Ti4+≥0.5, the DSC
curves show two endothermic transitions observed at 100 oC and
383 oC corresponding to the departure of the adsorbed water and
the dehydroxylation of the compound. The low intensity of the sec-
ond transition is probably due to the absence of carbonate ions in
the structure. The exothermic peak observed at 545 oC, is attributed
to the formation of the MgTi2O5 compound previously identified
by XRD.
2. The Adsorption Study

Since photocatalysis requires an adsorption step, we studied the
adsorption of methylene blue on the surface of the different pho-
tocatalysts. All solutions were prepared and stocked in polyethylene
flasks. All sorption experiments were performed in 50 ml polyeth-
ylene tubes. Stock solution of MB (500 mg·l−1) was prepared and
suitably diluted to the required initial concentrations. Adsorption
experiments were at room temperature (around 25 oC) under batch
mode [31].

The time-dependent sorption of dye on calcined hydrotalcite
was carried out with 50 mg of the adsorbent and 30 ml of 30 mg l−1

dye solution. The mixtures were stirred at low speed (~100 rpm)
for different time intervals (0.25-4 h). After separating the turbid-
ity by centrifugation, the final concentration of dye (Cf) of MB was
obtained by measuring O.D. at 669 nm using a Hach RD/4000 UV-
vis spectrophotometer.

The adsorption isotherms were obtained by the batch equilib-
rium technique. One hundred milligrams of adsorbent was weighed
in polyethylene tubes and then these were filled with 30ml of aque-
ous solutions of MB ranging in concentration from 0 to 100 mg·l−1.
The mixtures were stirred for 2 h at room temperature, centrifuged
and the supernatant dye concentrations were determined.

The samples were filtered prior to analysis to minimize interfer-
ence of the carbon fines with the analysis. Each experiment was

duplicated under identical conditions. Blanks containing no dye
were used for each series of experiments as controls. The amount
of adsorption at equilibrium, Qe (mg g−1), was calculated by

where C0 and Ce (mg·l−1) are the liquid-phase concentrations of
dye at initial and equilibrium, respectively. V is the volume of the
solution, and w is the mass of adsorbent used (g).

To express the results of experimental adsorption measurements
in the form of one or more equilibrium adsorption isotherm theo-
ries, the Langmuir isotherm and the Freundlich isotherm theories
were tested in this study since they have been widely applied and
found to be effective to describe many adsorption processes.

Only the samples prepared with Al/Ti molar ratio 0 : 1; 1 : 0; 1 : 1
and 9 : 1 were used for the MB photocatalytic degradation.
2-1. The Effect of Contact Time

The sorption rate gives important information for designing
batch sorption systems. Information on the kinetics of solute
uptake is required for selecting optimum operating conditions
(time) for photo-catalytic process. Fig. 5 shows the plot of MB
sorption, by calcined hydrotalcite prepared with various Al/Ti
molar ratios, versus contact time. For all the samples, the sorption
was found to be rapid at the first period of the process and then
the rate of sorption was slower and stagnated with the increase in
contact time. The equilibrium time was 60 min. This time must be
taken into account before carrying out the catalytic application.
But to ensure itself of the establishment of the equilibrium adsorp-
tion, the contact time was fixed at 2 hours.

To characterize the kinetics involved in the process of the MB
adsorption, on the calcined hydrotalcite, the pseudo-first-order [32]
and the pseudo-second-order [33] rate equations were proposed.
The conformity between experimental data and the model pre-
dicted values was expressed by the correlation coefficients (R2, val-
ues close or equal to 1). A relatively high R2 value indicates that
the model successfully describes the kinetics of MB adsorption.
2-1-1. The Pseudo First-order Equation

The pseudo first-order equation is generally expressed as fol-

Qe = 
C0 − Ce( ) V×

w
-----------------------------

Fig. 5. Effect of time of contact for the adsorption of MB on the sam-
ples calcined.
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lows [32]:

(1)

where qe and qt are the adsorption capacity at equilibrium and at
time t, respectively (mg·g−1), k1 is the rate constant of pseudo first-
order adsorption (h−1). After integration and applying boundary
conditions the Eq. (1) becomes:

(2)

2-1-2. The Pseudo Second-order Equation
The pseudo second-order adsorption kinetic rate equation is ex-

pressed as [33]:

(3)

where k2 is the rate constant of pseudo second-order adsorption
(g·mg−1·h−1).

For the boundary conditions t=0 to t=t and qt=0 to qt=qt, the
integrated form of Eq. (3) becomes:

(4)

which is the integrated rate law for a pseudo-second-order reaction.
Eq. (4) can be rearranged to obtain Eq. (5), which has a linear

form:

(5)

The plot of (t/qt) and t of Eq. (5) should give a linear relationship
from which qe and k2 can be determined from the slope and inter-
cept of the plot, respectively.

The obtained parameter data and the correlation coefficients,
R2, are given in Table 2. The table shows that the correlation coeffi-
cients for the pseudo-second-order kinetic model are closer to one
than that of the Lagergren first order. From these results it was con-
cluded that the pseudo-second-order model was better than the
Lagergren first-order for the systems investigated in this work. Since
dye adsorption follows pseudo-second-order kinetics, this suggested
that boundary layer resistance was not the rate-limiting step [34].
The rate of dye adsorption may be controlled largely by a chemisorp-
tion process.
2-2. Adsorption Isotherms

Equilibrium adsorption isotherms are of fundamental impor-
tance in the study of adsorption systems since they indicate how

the MB partitions themselves between the medium and liquid phase
with increasing concentration at equilibrium. When medium and
MB solutions are contacted, the concentration of the dye on the
medium will increase until a dynamic equilibrium is reached, at
which point there is a defined distribution of dye species between
the solid and liquid phases. The adsorption isotherms were con-
structed using the batch equilibrium technique, where a fixed mass
of adsorbent was agitated with methylene blue solution of various
concentrations for a sufficient length of time to ensure that equi-

dqt

q1 t( )
----------- = k1 qe − qt( )×

1
q1 t( )
----------- = 

k1

q1
-----

1
t
--

⎝ ⎠
⎛ ⎞  + 

1
q1
-----×

dqt

q1 t( )
----------- = k2 qe − qt( )2×

1
q1− qt( )
------------------  = 

1
qe
---- + k2t

t
qt
---- = 

1
k2q2

2
---------- + 

t
qe
----

Fig. 6. Adsorption of MB by the calcined samples.

Fig. 7. The MB sorption capacity as a function of Ti4+ content.

Table 2. Kinetic constants for MB adsorption onto calcined hydrotalcites

Sample
First-order Pseudo-second-order

k1 (h−1) q1 (mg/g) R1
2 k2 (mg/g−1h−1) q2 (mg/g) R2²

Al/Ti=1 : 0
Al/Ti=9 : 1
Al/Ti=1 : 1
Al/Ti=0 : 1

0,1352
0,2830
0,2540
0,1929

03,081
04,502
10,193
16,778

0,9850
0,9000
0,9370
0,8950

3,568
2,270
0,840
2,440

02,977
03,958
09,319
15,720

0,999
0,999
0,998
0,999
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librium had been achieved. An agitation time of 4 h and equilib-
rium temperature of 25 oC were used. Sorption isotherms of MB
by calcined LDH are shown in Fig. 6. It is evident that MB adsorp-
tion capacity increases with the incorporation of tetravalent metal
(Ti) in hydrotalcites materials (Fig. 7). For example, at a similar MB
concentration, sorption capacity of Al/Ti=0 : 1 was greater three
times than that of Al/Ti=1 : 0 LDH.

Isotherms for MB sorption by Mg-Al-Ti-LDH were modeled
by two commonly used isotherm equations, Langmuir (Eq. (6))
[35] and Freundlich (Eq. (7)) [36].

(6)

(7)

where Qe (mg·g−1) is the amount of MB sorbed at equilibrium,
QM (mg·g−1) the theoretical maximum monolayer sorption capac-
ity, Ce (mg·L−1) the equilibrium concentration of MB in solution,
and Kf, n and KL are empirical constants. The calculated Langmuir
and Freundlich isotherm constants are given in Table 3. The table
indicates that the best fit was obtained by the Langmuir model. This
model is based on the assumption that sorption takes place at spe-
cific homogeneous sites within the adsorbent. Once a dye mole-
cule occupies a site, no further adsorption can take place at that
site, and only a monolayer is formed at the maximum adsorption.
3. Photodegradation of MB by Sample Calcined

The photocatalytic activity of calcined Mg-Al-Ti-LDH is shown

1
Qad
-------- = 

1
QMKL
--------------

1
Ceq
------- + 

1
QM
--------×

Qad = Kf Ceq( )1/n×

Table 3. Langmuir and Freundlich isotherm constant for sorption of MB dye by Mg-Al-Ti-LDH

Sample
Langmuir parameters Freundlich parameters

QM KL R2 Kf 1/n R2

Al/Ti=1 : 0
Al/Ti=9 : 1
Al/Ti=1 : 1
Al/Ti=0 : 1

2.551
3.184
3.580
8.080

0.070
0.090
0.082
0.054

0.994
0.991
0.994
0.746

1.113
1.255
1.072
2.490

0.147
0.183
0.248
0.307

0.978
0.870
0.821
0.723

Fig. 8. Photodegradation and adsorption of MB vs irradiation time
under visible-light irradiation (λ>420nm) with the presence
of different photocatalysts.

Fig. 9. Layouts of Ln (C0/C) according to time of irradiation for meth-
ylene blue (where C and C0 are the MB concentration at time
intervals and initial state, respectively).

Table 4. Pseudo-first order constants and photodegradation rates
of MB for different photocatalysts

 Sample Photodegradation
rate

Pseudo-first-order
Kapp R2

Al/Ti=1 : 0
Al/Ti=9 : 1
Al/Ti=1 : 1
Al/Ti=0 : 1

03%
18%
42%
71%

0.0387
0.0783
0.1375
0.3079

0.9953
0.9993
0.9807
0.9777

in Fig. 8. The photodegradation of MB was under irradiation with
visible-light (420 nm). A mixture of 1 liter of MB (50 mg·L−1) solu-
tion and 1 g of catalyst was vigorously stirred in the dark for 120
min to establish an adsorption/desorption equilibrium. Then the
solution was stirred under visible-light irradiation for photocata-
lytic reaction. The decomposed percentage of MB was calculated
by the absorbance intensity of the sample at time intervals. The strong
absorption bands of MB located at λ=669 nm decreased gradu-
ally upon increasing irradiation time, and the absorbance of dyes
solution was became constant after 120 min of irradiation for all
the calcined Mg-Al-Ti-LDH catalyst (Fig. 8). In addition, the solu-
tion color changed from an initial deep blue to nearly transparent
during the degradation process of MB. Taking into account the im-
portant role of Ti in the photocatalysis, the results of the influence
of molar ratio of Al/Ti on its photocatalytic are shown in Fig. 8. It
was found that all the Mg-Al-Ti-LDHs with 9 : 1; 1 : 1; and 0 : 1
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displayed high photocatalytic activity under visible-light irradia-
tion. The decomposition of MB by the Ti-LDH (Al/Ti=0 : 1) reaches
71% over 180 min, comparative to 42% and 18% by the samples
with Al/Ti=1 : 1 and 9 : 1, respectively (Table 4).

As shown in Fig. 9, the plots of ln(C0/C) vs irradiation time sug-
gest that the photodegradation of MB follows the pseudo-first-
order rate law (Fig. 8) [37]. The rate constant was calculated to be
0.3079 min−1 with Mg-Al-Ti LDH (Al/Ti=0 : 1) as the photocatalyst,
much larger than that of Mg-Al-Ti LDH (Al/Ti=1 : 0) (Table 4).

The high photocatalytic performance of the Mg-Al-Ti-LDH can
be explained by the octahedral coordination of Ti atoms in the bru-
cite-like sheets. It is well-known that light absorption by the mate-
rial and the migration of the light induced electrons and holes are
the most key factors controlling a photocatalytic reaction, which is
relevant to the electronic structure characteristics of the material
[38]. Moreover, in addition, the high photocatalytic activity of the
calcined Mg-Al-Ti-LDH is also attributed to its hierarchical struc-
ture and high specific surface (99-139 m2·g−1). The high specific
surface area is responsible for providing strong adsorption ability
toward target molecules and thus the generation of photo-induced
electron-hole pairs of active sites [39,40]. The long-period perfor-
mance of the Mg-Ti-LDH (Al/Ti=0 : 1) was also tested (curves not
shown); the photocatalyst is stable under four repeated application
cycles with nearly constant photodecomposition percentage, indi-
cating that Mg-Al-Ti LDH does not deactivate during the photo-
catalytic process of the pollutant molecules. Moreover, this material
can be easily separated from the reaction system due to the micro-
scopic particle size of Mg-Ti LDH. The results thus indicate that
the Mg-Ti-LDH can be used as an attractive photocatalyst for large-
scale environmental purification with high photocatalytic activity,
long-term sustainability and excellent recyclability.

CONCLUSION

Mg-Al-Ti LDH was prepared by co-precipitation, which displayed
isomorphous substitution of the Ti4+ in the brucite layer.

The calcination of precursors at 500 oC yielded mixed oxides with
poorly crystalline MgO and MgTi2O5 type structures, which can
be fully reconstructed to original LDH on rehydration at ambient
temperature and atmospheric pressure. The introduction of Ti4+ in
the lattice significantly influenced the surface area, and the adsorp-
tion capacity of the MB. The Mg-Al-Ti hydrotalcites displayed supe-
rior photocatalytic activity in the visible part of the solar spectrum
for the degradation of MB compared with Mg-Al-LDH. The re-
markable visible-light photocatalytic activity of calcined Ti-LDH is
attributed to its hierarchical microsphere structure as well as high
specific surface. In addition, Mg-Al-Ti LDH retained its activity
after several recycles of the MB photodegradation. Therefore, it is
expected that the Mg-Al-Ti LDH with hierarchical structure in this
work can be potentially used as an effective and recyclable visible-
light photocatalyst for large-scale environmental purification.
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