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Abstract : In this study, Zn-Al, Mg-Al and Ni-Al layered double hydroxides were successfully synthesized via co-precipitation
method. Samples were characterized by XRD, FTIR, TGA-DTA, TEM and pHPZC analysis. XRD patterns showed a basal spacing
increase in the order of Zn-AlNO3 (8.85Å)> Mg-AlNO3 (7.95Å)> Ni-AlNO3 (7.82Å). TEM images indicated that the Zn-AlNO3
presents circular to shaped particles with an average particle size of approximately 30 to 40 nm. Small plates assigned to
sheets with hexagonal form were observed in the case of Mg-AlNO3. Ni-AlNO3 display nanostructured sphere in diameter
between 5 and 10 nm. The materials were used for the removal of methyl orange (MO), as a model dye and for the
treatment of a real effluent generated by a textile factory. Maximum adsorption was occurred in acidic pH solution. Kinetic
data were tested using pseudo-first-order, pseudo-second-order kinetic and intra-particle diffusion models. The best fit was
obtained with the pseudo-second-order kinetic model. Equilibrium data were correlated to Langmuir, Freundlich, Sips and
Redlich–Peterson isotherm models. The best conditions for color and COD removal from the textile effluent sample were
obtained at lower values of pH. Reduction of COD to limits authorized by Moroccan standards was obtained with 0.5g/L of
LDH dosage.
Keywords: Layered double hydroxide; Color removal; Chemical oxygen demand; Textile wastewater treatment.

1. Introduction
Discharging large quantity of dyes in water
resources from various dyestuff manufactures, textile,
plastic, and paper making industries, pose some hazards
and environmental problems. The coloration of aquatic
systems by the dyes may affect photochemical activities
by decreasing light penetration [1]. It has been also
reported that the majority of dyes are composed of
aromatic rings in their structure, rendering them
mutagenic and carcinogenic for aquatic organisms [2].
The massive influx of untreated dyes into the waterways
not only introduces aesthetic concerns, but far more
importantly it promotes eutrophication and adversely
affects the environmental health of the region.
Moreover, they are very stable to light, temperature and
microbial attack, making them recalcitrant compounds
[3]. Therefore, the removal of dyes from wastewater is
hence of great importance before discharging into the
environment.
The conventional methods applied for different
textile effluents include coagulation and flocculation [4],
ozonation [5], electrochemical techniques [6], filtration
[7], membrane separation [8], photodegradation [9],
aerobic and anaerobic microbial degradation [10]. Some
of these methods suffer from one or more limitations in
the removal efficiently and in cost effective. For

example, coagulation and flocculation, membrane
separation, ozonation and ion-exchange are generally
not feasible on a large scale due to the consideration of
expense, complexity and additional chemicals.
Comparing with other methods, adsorption
technique is one of the effective and economic methods
for removing dyes with wonderful advantages, such as
high efficiency, simple operation and easy recovery or
reuse of adsorbent [11]. It is a powerful physiochemical
treatment process which involves passive separation of
adsorbate from an aqueous phase onto a solid phase
[12]. Many types of materials have been tested in the
adsorption process, mainly to improve their adsorption
performance, the cost of preparing or their use [13, 14].
Layered double hydroxides are being intensively
studied due to their high anion exchange capacity [15],
reusability [16], larger surface area, porosity and basic
properties [17,18]. The general formula for LDH is [MII(1-x)
MIIIx(OH)2] [An-x/n.mH2O], where MII represents a divalent
metal such as Mg, Ni, Mn, Fe, Co, Cu and Zn. MIII
represents a trivalent metal such as Al, Fe, Cr, Mn and
Co. And x equal to the MIII/(MII+MIII) molar fraction
generally ranging from 0.17 to 0.33, An enormous
variety of interlayer anions (An-) can be incorporated in
LDH like CO32-, Cl-, NO3-, and SO42- [19]. Compared to
divalent anions, monovalent anions are more easily
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replaced by almost any organic or inorganic anions by
anion exchange [20].
In the present work, Mg-Al, Zn-Al and Ni-Al layered
double hydroxides with NO3- in the interlayer were
synthesized
by
co-precipitation
method.
Physicochemical properties were evaluated by XRD, FTIR,
TGA-DTA, TEM and pHPZC. The synthesized materials
were tested for the removal of methyl orange (MO) from
aqueous solution. The MO dye adsorption properties
(effect of initial solution pH, contact time and adsorption
isotherms) were evaluated by the batch experimental
methods. This could provide the information for the use
of prepared LDH as broad-spectrum and efficient
adsorbents for the treatment of a real textile
wastewater (TWW).

according to the method proposed by Noh and Schwarz.
The pH of NaCl aqueous solution (50 mL at 0.01 mol/L)
was adjusted to initial values from 2.0 to 12.0 by the
addition of HNO3 (0.1 N) and/or NaOH (0.1 N). More
there, 0.05 g of each LDH was added to the solution and
stirred for 6 h. The final pH was measured and plotted
against the initial pH. The pHPZC was determined at the
value for which pHfinal = pHinitial.
2.4. Adsorption tests
2.4.1. Study of MO removal
Stock solution of 1 g/L of MO was prepared by
dissolving appropriate amount of the dye in distilled
water and the used concentrations were obtained by
dilution. Adsorption experiments were performed in a
series of 250 mL beakers containing the desired weight
(20 mg) of each LDH and 250 mL of the MO solution at
the desired concentration. These experiments were
carried out at a constant agitation speed of 500 rpm by
varying the pH of solution from 2 to 12. The contact time
was varied from 5 to 360 min and the initial dye
concentration from 20 to 1000 mg/L. The solution pH
was adjusted to a given value by the addition of HNO3
(1N) or NaOH (1N) and was measured using a SensION+
PH31 pH meter.
After each adsorption experiment was completed,
the solid phase was separated from the liquid phase by
centrifugation at 3000 rpm for 15 min. The residual
concentrations of MO were determined from UV-Vis
characteristics at maximum absorption wavelength λmax =
465
nm
using
a
TOMOS
V-1100
UV-vis
spectrophotometer.
The adsorbed amounts were calculated using the
following equation:

2. Materials and methods
2.1. Materials
Zn(NO3)2.6H2O (>98% purity), Ni(NO3)2.6H2O (100%
purity), Mg(NO3)2.6H2O (97% purity), Al(NO3)3.9H2O
(>98% purity), NaCl, NaNO3 and methyl orange (MO)
were purchased from Sigma–Aldrich (Germany). NaOH
was purchased from Merck (Germany) and HNO3 from
Scharlau (Spain). All solutions were prepared using
double distilled water.
2.2. Preparation of layered double hydroxides
The nitrates containing LDH with molar ratio
M2+/Al3+ of 3 were prepared by co-precipitation method.
A solution containing 100 ml of Zn(NO3)2.6H2O,
Ni(NO3)2.6H2O or Mg(NO3)2.6H2O (0.75M) and
Al(NO3)3.9H2O (0.25M) was added drop wise to a
solution containing 100ml of NaOH (2M) and (0.2M) of
NaNO3 under vigorous stirring at pH 10.0 for 2h. The
resultant slurries were treated hydrothermally at 80°C
for 24h, washed repeatedly with de-carbonated water
and dried at 60°C for 12 h. The obtained materials were
powdered and referred as Zn-AlNO3, Mg-AlNO3 and NiAlNO3

q

(C0  C) V
m

(Eq.1)
where q(mg/g) is the adsorbed quantity, C0(mg/L) is
the initial dye concentration, C(mg/L) is the dye
concentration at a time t, V(L) the volume of solution
and m(g) is the mass of adsorbent.

2.3. Characterization
Powder X-ray diffraction (XRD) patterns were
recorded from 2 of 5 to 70° using a Bruker-axs D2phaser advance diffractometer operating at 30 kV and 10
mA with Cu Kα1 radiation. FTIR spectra were collected
on a Nicolet Avatar 330 Fourier transform IR
spectrophotometer. Samples were mixed with KBr at
mass ratio of 1:100 and finely powdered to prepare
pellets. The spectra were recorded with 2 cm-1 resolution
in the range of 4000–400 cm-1. Transmission electron
microscopy (TEM) images were obtained on a TEM
TECNAI G2/FEI instrument, operating at an accelerating
voltage of 120 kV. Simultaneous thermogravimetric
differential thermal analysis (TGA-DTA) curves were
recorded on a SETARAM (SENSYSevo) instrument under
argon atmosphere in the temperature range of 30-700°C
at a heating rate of 10°C/min. The pH point of zero
charge (pHPZC) was determined by the pH drift method

2.4.2. Treatment of textile effluent
Textile wastewater (TWW) sample at the factory’s
discharge point was collected from a cotton and
polyester textile mill ITEX, Casablanca, Morocco. The
sample was stored at temperature ≤5 °C to avoid any
change in its physicochemical characteristics before use.
Treatment experiments were performed in a series of 50
mL beakers containing the desired dose of LDH ranging
between 0.5 and 5.0 g/L and 20 mL of the wastewater.
The experiments were carried out at constant agitation
speed of 500 rpm for 8h. The pH was evaluated in the
same conditions used in the adsorption of MO. Color
removal from TWW was estimated from the change in
UV-Vis spectrum in the range of (200-700nm) using a
BIOCHROM BIBRA Light spectrophotometer. COD was
analyzed by potassium dichromate oxidation method.
2
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The COD removal (%) was calculated by the following
equation:
COD removal (%) 

COD 0  COD
* 100
COD 0

parameter “c” according to the equation c = 3/2[(d(003)
+ 2d(006))] [23]. Only the (110) reflection was accessible
to calculating the parameter ‘a’ according to the
equation a = 2d(110).

(Eq.2)

where COD0 is the initial COD concentration (mg/L), COD
is the COD concentration after treatment (mg/L).

3. Results and discussion
3.1. Characterization
3.1.1. XRD analysis
X-ray diffraction patterns of the samples are
illustrated in Fig.1. They exhibited a symmetrical peaks
at low 2θ and less symmetric peaks at high 2θ values.
The patterns of all samples showed the diffraction lines
typical for hydrotalcite structure [20]. The patterns also
exhibited Zn(OH)2 crystalline impurities in Zn-Al sample,
which can be identified by comparison of their
characteristic diffraction pattern to a reference library of
patterns. These impurities in the sample may result from
poor control of the pH during the synthesis.
The cell parameters were calculated assuming a 3R
poly-type packing with a hexagonal cell [21,22].
Calculated unit cell parameters, crystal sizes and volume
cell of the LDH are summarized in Table 1. The principal
reflections of the obtained patterns coincide to the
planes (003) and (006) were used to calculate the

Fig.1. XRD patterns of the LDH samples: (a) Zn-AlNO3, (b) MgAlNO3 (c) Ni-AlNO3 and () Zn(OH)2

Table 1
Calculated unit cell parameters, crystal sizes and volume cell of the LDHs.

Zn-AlNO3
Lattice parameter a (Å)
Lattice parameter c (Å)

3.07
26.56

Mg-AlNO3
3.04
23.86

Interlayer distance d (Å)
8.85
7.95
Crystallite size a) in the direction a (Å)
220
113
Crystallite size a) in the direction c (Å)
84
46
3
Volume cell (Å )
216
190
a) Values obtained according to Scherrer's equation.
A comparison of the Zn-AlNO3, Mg-AlNO3 and NiAlNO3 systems demonstrates a considerable difference
in parameter ‘a’ of the samples, the lattice parameter ‘a’
of the Zn-AlNO3 was 3.07 Å greater than Mg-AlNO3 (3.04
Å) and the Ni-AlNO3 (3.03 Å). This decrease can be
explained by difference in ionic radius of Zn2+(0.74 Å )
which was greater than ionic radius of Mg2+ (0.72 Å )
and Ni2+ (0,69 Å) [24]. The same tendency was observed
in the ‘c’ parameter which was greater in the Zn-AlNO3
(26.56 Å) than in the Mg-AlNO3 (23.86 Å) and in Ni-AlNO3
(23.47Å). The progressive decrease of the basal spacings
in the samples can be related to charge density of
hydroxide layer, the size and orientation of the charge
balancing nitrate containing in the interlayer. Also, Table
1 presents crystal sizes which were calculated using
Scherrer’s equation. The result showed that, the crystal

Ni-AlNO3
3.02
23.47
7.82
53
41
186

size appears to be directly proportional to the lattices
parameter. Assuming a hexagonal cell for the packing, its
volume (V) was calculated according to the equation
V  3 a 2 c / 2 using the calculated cell parameters
values for the samples. The results demonstrate that the
volume cell for Zn-AlNO3, Mg-AlNO3 and Ni-AlNO3 were
216, 190 and 186, respectively. This trend was in good
agreement with the crystal size and the cell parameters.
3.1.2. TEM observation
Transmission electron microscopy (TEM) of assynthesized layered double hydroxides was presented in
Fig.2. The images show different shape of the particles in
samples. The TEM image of Zn-AlNO3 showed irregular
circular to hexagonal shaped particles of 30-40 nm in
3
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diameter with aggregates of rounded crystallites were
probably arises from a dense agglomeration of LDH
particles [25]. In the Mg-AlNO3 sample, the formation of
small plates assigned to sheets with hexagonal form was
observed. This form was previously observed by Benito
et al. in Mg containing LDH [26]. TEM images of Ni-AlNO3
display nanostructured sphere like particles with narrow
size distribution of 5–10 nm. The particles sizes

measured by TEM showed a lower value compared with
the values calculated using Scherrer’s expression. This
discrepancy in particle size arises as particle sizes
measured by XRD (using Scherrer’s equation) can be
easily overestimated by even a small fraction of larger
particles, which will contribute to a larger extent to the
observed signal since the average measured by XRD is in
fact weighted by the particle volume.

Fig.2. TEM micrographs of (a) Zn-AlNO3, (b) Mg-AlNO3 and (c) Ni-AlNO3.
3.1.3. TGA-DTA analysis

3.1.4. FTIR

TGA-DTA curves of the LDH samples are shown in
Fig.3. The thermograms are qualitatively similar,
differing only in the temperature at which the maximum
occurs upon heating between 30-700°C. In all cases, the
LDH undergo three main steps in thermal
decomposition. The first stage (30-150°C) is due to the
removal of water that is physisorbed on the external
surface with weight losses approximately of 5.00, 6.80
and 9.75% for Zn-AlNO3, Mg-AlNO3 and Ni-AlNO3,
respectively. The second step between 150 and 250°C
correspond to elimination of the interlamellar water, this
process maintains the layered structure and contributes
to 8.37, 11.29 and 4.56% loss of the total weight of ZnAlNO3, Mg-AlNO3 and Ni-AlNO3, respectively. The third
and final step (above 250°C) present weight losses
approximately 10.16, 20.90 and 23.29% for Zn-AlNO3,
Mg-AlNO3 and Ni-AlNO3. This step corresponds to
release of hydroxyl groups (dehydroxylation) from the
brucite-like layers and decomposition of the interlayer
anions which leads to the collapse of the layers. Total
weight losses of the samples were 23.45, 38.99 and
37.60% for Zn-AlNO3, Mg-AlNO3 and Ni-AlNO3.
Decomposition completes at approximately 450°C, which
is comparable to previous reports [27]. The value of
maximum temperature for dehydroxylation step for Mg
and Ni containing LDH is greater than Zn-AlNO3 which
demonstrates the thermal stability of Mg-AlNO3 and NiAlNO3 against Zn-AlNO3.

Infrared spectra of the Zn-AlNO3, Mg-AlNO3 and NiAlNO3 are presented in Fig.4. All samples showed a broad
intense band between 4000 and 3000 cm−1 due to the
OH stretching mode of layer hydroxyl groups and of
interlayer water molecules. The intensity of this band is
markedly important in the Zn-AlNO3 and Mg-AlNO3
comparable to the other sample, which may be
responsible for the decrease in the lattice parameter “c”.
The band observed at 1640-1620 cm−1 is due to an H2Odeformation in interlayer structure and is slightly shifted
to greater wave numbers in the case of Zn and Mg vs. Ni
containing LDH. These results align with the high amount
of H2O in interlayer structure confirmed by TGA-DTA
analysis. Since the LDH contain nitrate anions, the NO3vibration peaks are observed at around 1380 cm-1 [28].
The IR spectrum demonstrates the presence of active
CO32− bands, approximately at 1140cm−1. The presence
of this band in the nitrates containing LDH suggests
incorporation of CO32− from the atmosphere as the
synthesis was carried out. The peaks appear below 1000
cm−1 can be attributed to the vibrations of metal-oxygen
(M-O, M-O-M, O-M-O) in the layers [29]. Other weak
absorption bands or shoulders appeared at 427 and
551cm-1 were related to the [AlO6]3- condensed groups
vibrations,
Mg/Zn/Ni/Al–OH
translation,
Al–OH
translation, Al–OH deformation, or metal–NO3- at 625400 cm-1 region [30].
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nitrate anions in the interlayer by hydroxyl anions of the
solution. For pH values above the pHPZC, the positive
charges on the surface of LDH decrease and the removal
of the dye also decreases. Furthermore, the anionic dye
must be in competition with the OH- in the solution for
exchange with the NO3- anions that are associated with
the surface. The smaller adsorption observed at lower
pH values may be attributed to a partial dissolution of
the basic LDH by hydrolysis, which becomes more
pronounced when the pH decreases [34].

Fig.4. FTIR spectra of (a) Zn-AlNO3, (b) Mg-AlNO3 and (c) NiAlNO3.

3.2. Study of MO adsorption
3.2.1. Effect of solution pH
pH is an important parameter to predict the
involved mechanism in the process of removing
pollutants from wastewater. Solution pH affects the
chemistry of both the dye molecules and the adsorbents
[31]. The excess of positive charge that produces from
isomorphic substitution of LDH vary significantly by
adsorption of ions from the solution, such as H+ or OH[32]. As presented in Fig.5, pH had a considerable effect
on the adsorption of MO. The amounts of MO removed
are higher in the pH range between 3 and 5, but
decreased sharply with further increase of pH. There was
also a decrease in dye adsorption when the solution pH
was lower than 3. The effect of pH on MO adsorption
can be interpreted by the term of point of zero charge
(pHPZC) of the adsorbents and the pKa of the MO. The
pKa of methyl orange is 3.46, so MO molecules were
predominantly present as monovalent anions above this
equilibrium pH. The pHPZC of the samples were 7.67, 7.93
and 8.02 for Zn-AlNO3, Mg-AlNO3 and Ni-AlNO3,
respectively. This means that the surface charge of LDH
was positive when pH < pHPZC and negative when pH >
pHPZC.
At pH values below the point of zero charge:
(Eq.3)
For pH values above the point of zero charge:
(Eq.4)
For pH values below the pHPZC, the adsorption of
dye can be explained by two ways: one of them is
anionic exchange of NO3- anions in the interlayer by dye
anions; the other is adsorption by means of association
between the positively charged surface of LDH and the
dye anions. Furthermore, according to Delgado et al. OHconsumption by LDH can be considered by two
mechanisms [33]: the first is given by attached to metal
ions in the layers and the other is anionic exchange of

Fig.3. TGA-DTA curves of (a) Zn-AlNO3, (b) Mg-AlNO3 and (c) NiAlNO3.
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The pseudo-second-order model suggested by Ho
and McKay based on the assumption that the adsorption
follows second order chemisorption [36]. This model can
be expressed as:

q

3.2.2. Kinetic modeling and mechanism of adsorption
The effect of contact time on MO adsorption by
LDH was illustrated in Fig.6. The result revealed that the
removal takes place in two different steps; the first step
involves a rapid removal at 60 min. The second one show
a subsequent removal until equilibrium is reached. The
equilibrium was established after 60 min for Ni-AlNO3
and 180 min for Mg-AlNO3 and Zn-AlNO3. The MO
uptake capacity increase in the order of Ni-AlNO3, Mg-AlNO3 and Zn-AlNO3. The reason why Ni-AlNO3 rapidly
adsorbs the dye might be that the sample containing
small nanoparticles as observed in TEM analysis.
Kinetic modeling not only allows estimation of
adsorption rates but also leads to suitable rate
expressions characteristic of possible reaction
mechanisms. In this respect, the pseudo-first, pseudosecond-order and intra-particle diffusion kinetic models
were tested and the kinetic data were examined based
on the regression coefficient (r2) and the amount of MO
adsorbed per unit weight of the adsorbent.
The first-order rate of Lagergren is based on solid
capacity and is generally expressed as follows [35]:

k1t

)

(Eq.6)

where k2 (g/mg.min) is the rate constant of
pseudo-second order adsorption.
The calculated parameters of the two models and
correlation coefficients (r2) are presented in Table 2. The
higher correlation coefficients for pseudo-second-order
(r2 = 0.980, 0.994 and 0.994, respectively for Zn-AlNO3,
Mg-AlNO3 and Ni-AlNO3) suggested a strong relationship
between the parameters and indicated that the process
of adsorption of MO followed pseudo-second-order
kinetics. The equilibrium sorption capacities (qe)
calculated were slightly more reasonable than those of
the pseudo first-order when compared to the
experimental values (qe,exp). This suggested that the
chemisorption process could be a rate limiting step [1].
The MO adsorption process may involve electrostatic
attraction, anion exchange and chemical bonding.

Fig.5. Effect of solution pH on MO removal (adsorbent dose: 80
mg/L, contact time: 8h, initial MO concentration: 20 mg/L,
temperature: 25 °C and agitation speed 500 rpm).

q  q e (1  e

k 2 q e2 t
1 k 2 q e t

Fig.6. Effect of contact time on MO adsorption (adsorbent dose:
80 mg/L, initial MO concentration: 20 mg/L, temperature: 25°C,
agitation speed 500 rpm and solution pH: 8).

(Eq.5)

where qe and q (both in mg/g) are respectively the
amounts of dye removed at equilibrium and at any time
‘t’ and k1 (1/min) is the rate constant of adsorption.

Table 2
Pseudo-first-order and pseudo-second-order model parameters for MO adsorption by LDHs.

Adsorbent

qe,exp
(mg/g)

Pseudo-first order model

Pseudo-second order model

qe,cal (mg/g)

k1(1/min)

r2

qe,cal (mg/g)

k2(g/mg·min)

r2

Zn-AlNO3
Mg-AlNO3
Ni-AlNO3

116.77
144.31
206.96

106.09
132.07
198.14

0.0584
0.0353
0.1325

0.927
0.965
0.993

115.12
150.11
208.42

0.0007

0.980
0.994
0.994
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To identify the possible diffusion mechanism for
MO adsorption onto LDH, intra-particle mass transfer
diffusion model proposed by Weber and Morris was
used [37].

q  ki t

0.5

C

overcome all mass transfer resistances of the dye
between the aqueous and solid phases. Hence a higher
initial dye concentration will enhance the adsorption
amount [40]. The equilibrium data were correlated to
Langmuir, Freundlich, Sips and Redlich-Peterson
isotherms.

(Eq.7)

2500

where ki (mg/g min0.5) is the rate constant and
obtained from the slope of the straight line of q versus
t0.5. C is the intercept which gives an idea about the
thickness of boundary layer, the larger the intercept, the
greater the boundary layer effect.
Intra-particle
diffusion
fitting
curves
of
experimental data are presented in Fig.7. It could be
seen that there were three lines in the case of MO
adsorption onto LDH. The first curve passing through the
origin represented that boundary layer diffusion had
little contribution, indicating MO was bound with the
external surface of LDH. The second step was dominated
by intra-particle diffusion, suggesting MO gradually
diffused into the LDH and lasted for a period of time
[38]. The last curve reflected both adsorption sites and
dye concentration decreased and adsorption reached
equilibrium at last. Therefore, intra-particle diffusion
process may also be the rate-controlling step of MO
adsorption.

2000
Zn-AlNO3
Mg-AlNO3
Ni-AlNO3
Langmuir fit
Freundlich fit

qe(mg/g)

1500

1000

500

0
0

200

400

600

800

1000

Ce(mg/l)

Fig 8. Adsorption isotherms of MO onto LDHs (adsorbent dose:
80 mg/L, pH: 8, contact time: 8h, temperature: 25°C and
agitation speed: 500 rpm).

The Langmuir isotherm theory assumes monolayer
coverage of adsorbate over a homogeneous adsorbent
surface [41]. A basic assumption is that adsorption takes
place at specific homogeneous sites within the
adsorbent. Once a dye molecule occupies a site, no
further adsorption can take place at that site. The
Langmuir isotherm is expressed as:

qe 

q m K LC e
1K L C e

(Eq.8)

where qm(mg/g) is the maximum amount of dye
adsorbed per unit mass of adsorbent and KL (L/mg) is the
Langmuir constant related to adsorbent/adsorbate
affinity. Ce is the equilibrium concentration.
The Freundlich isotherm is an empirical equation
that assumes that the adsorption surface becomes
heterogeneous during the course of the adsorption
process [42]. The Freundlich isotherm is expressed by
the following equation:

Fig.7. Intra-particle diffusion model for the adsorption of MO
onto LDH samples.

3.2.3. Adsorption isotherms
Adsorption
isotherms
provide
qualitative
information on the capacity of the adsorbent as well as
the nature of the solute-surface interaction. Fig.8 shows
the adsorption isotherms of MO onto the LDH. It was
observed from the figure that dye adsorption onto LDH
increased with increasing dye concentration. Also, the
shape of the isotherms revealed L-behavior according to
the Giles et al. classification, confirming a high affinity
between LDH and the dye molecule [39]. The initial
concentration provides an important driving force to

qe  K F C e1/ n

(Eq.9)

where KF is a constant for the system, related to the
bonding energy, it can be defined as the adsorption or
distribution coefficient and represents the quantity of
dye adsorbed onto adsorbent for unit equilibrium
concentration. 1/n indicates the adsorption intensity of
the dye onto the sorbent or surface heterogeneity,
which becomes more heterogeneous when 1/n value
gets closer to zero. A value for 1/n below 1 indicates a
7
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Table 3
Isotherm constants for MO adsorption by LDHs.

normal Langmuir isotherm, while 1/n above 1 indicates a
cooperative adsorption.
The Sips isotherm is a combination of Langmuir and
Freundlich isotherms; it proposes that the equilibrium
data follow the Freundlich curve at lower initial solute
concentration, but it follows the Langmuir trend at
higher solute concentration [43]. It is given as:

qe 

Isotherm models
Langmuir
qm (mg/g)
KL (L/mg)
r2
Freundlich
KF (mg/g)(L/mg)1/n
n
r2
Sips
Ks
(L/mg)
qs (mg/g)
m
r2
Redlich-Peterson
KR (L/mg)
aR

r2

1
m

qs Ks C e

1

1K s C em

(Eq.10)

where qS(mg/g) is the Sips maximum uptake of MO
per unit mass of adsorbent, KS (Lm/mgm) is the Sips
constant related to energy of adsorption, parameter m
could be regarded as the Sips parameter characterizing
the system heterogeneity,
The Redlich-Peterson isotherm model combines
both the Langmuir isotherm and Freundlich isotherm
equation [44]. The mechanism of adsorption is a hybrid
and does not follow ideal monolayer adsorption. The
equation is:

qe 

K RC e

1 a R C e

(Eq.11)

in which KR(L/g), aR(Lβ/mgβ) and β are Redlich-Peterson
isotherm constants. β lies between 0 and 1. For β=1,
(Eq.11) converts to the Langmuir form; for β= 0, it
simplifies to Henry’s law equation; and for 1<<(aRCeβ), it
is identical with the Freundlich isotherm.
Nonlinear regression is used to determine the bestfitting isotherm, and the applicability of isotherm
equations is compared by judging the correlation
coefficients r2. The calculated constants of the four
isotherm equations along with r2 values are presented in
Table 3.
The result shows high value of KF indicates a high
adsorption capacity and the value of Freundlich
exponent n is of between 1 and 10 range, indicating a
favorable adsorption. The table also shows that the Sips
isotherm gave the best correlation with r2 value of 0.993,
0.978 and 0.996 for Zn-AlNO3, Mg-AlNO3 and Ni-AlNO3,
respectively. This may due to the ability of Sips isotherm
to predict wide adsorbate concentration ranges. The
results show that the Langmuir isotherm correlates the
data with r2 value higher than that of Freundlich and
Redlich-Peterson isotherms, which reflects the
monolayer adsorption. The maximum Langmuir
adsorption capacities were 2270, 1112 and 617 mg/g for
Zn-AlNO3, Mg-AlNO3 and Ni-AlNO3, respectively. These
capacities were compared to previous records on various
adsorbents in the literature (Table 4). It can be seen that
experimental data of the present study was found to be
higher than those of the most corresponding adsorbents
in the literature.

Adsorbent
ZnMgAlNO3
AlNO3

NiAlNO3

2270.57
0.0137
0.984

1112.34
0.0177
0.924

617.35
0.0632
0.995

379.76
3.80
0.924

306.25
5.39
0.853

358.48
9.54
0.990

0.00188

0.00002

0.2564

2050.44
1.517
0.993

1004.46
2.663
0.978

661.22
0.584
0.996

24.94
0.0053
1.10
0.983

10.37
0.0008
1.36
0.968

64.47
0.1357
0.95
0.994

Table 4
Comparaison of maximum adsorption capacities of Zn-AlNO3,
Mg-AlNO3 and Ni-AlNO3 for MO with other adsorbents.

Adsorbent
ZnO-Al2O3
Lapindo volcanic mud
Mesoporous Y-Fe2O3/SiO2
nanocomposites
Pine cone derived activated
carbon
Nitrogen-doped mesoporous
carbon
Biomorphic Mg-Al mixed metal
oxides
Ni-Fe LDH
Ni-AlNO3
Zn-AlNO3
Mg-AlNO3

qm
(mg/g)
344
333
476

Refs
[45]
[46]
[47]

404

[48]

202.4

[49]

182.8

[50]

205.76
617
2270
1112

[51]
This study
This study
This study

3.3. Application of LDH for the treatment of TWW
3.3.1. Characteristics of TWW
Characterization of TWW effluent is very important
to find strategies for water treatment and reuse.
Therefore, to evaluate the pollution content, the sample
was characterized and the results were compared with
Moroccan wastewater discharge standards established
by the ministry of the environment of Morocco [52]. The
variation of parameters according to the Moroccan
standard was analyzed and summarized in Table 5.
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In the effluent sample, temperature varies between
30 and 40°C. This does not reflect the reality that the
temperature may reach 60°C in finishing programs. This
was detected during a few sampling campaigns directly
at the outlet of the machines. Thus, this augmentation
results in an acceleration of chemical and biochemical
reactions leading to absence of oxygen, nuisance odors
and inhibiting activity of important microorganisms. The
pH of effluent sample appeared to be 8.9. Effluent pH
influences the physico-chemical properties of water,
which influence negatively on aquatic life, plants and
humans. This also changes the soil permeability, which
influences in polluting underground resources of water
[53]. The UV-visible absorption spectrum of TWW was
presented in Fig.9. The spectrum is based on the nature
of the pollutants existing in the effluent, absorbing the
light in a precise wavelength range. It is not easy to
determine the principal dyes and substances used in
dying process from UV-visible absorption data, because
of the complexity of the TWW. This complexity is partly
due to the mixture of the dyes and substances used. But
it is can be showed the presence of chromophore groups
at wavelength between 400 and 600 nm which is
responsible on the colorization of TWW and auxochrome
groups at 290nm wavelength. The COD value of TWW
was found in the order of 614.6 mg/L, which exceeds the
limits authorized by Moroccan standards 250mg/L. This
value is influenced by the presence of oxidizable organic
and/or inorganic compounds. The experiments were
carried out in order to reduce the toxicity of the TWW
and testing the Zn-AlNO3, Mg-AlNO3 and Ni-AlNO3 for
color and COD removal from effluents generated by this
textile industry.

Fig.9. Variation in UV-Vis spectra of untreated and treated
TWW by Zn-AlNO3 at different pH solution (V = 20 mL, agitation
speed: 500 rpm, contat time: 8h and adsorbent dose: 1g/L).

The influence of pH on COD removal was also
investigated and shown in Fig.10. Maximum removal
efficiency reached 82% was found at pH values of 4 and
5. Similar trend of pH effect was observed for MO
adsorption onto LDH. The reason could be that the
adsorption is probably related to the PZC as well as the
stability of Zn-AlNO3.
Fig.11 shows the variation in UV-Vis spectra of
TWW as function of adsorbent dose of LDH. All spectra
show that the intensity of the absorbance peaks
decreases as the adsorbent dose increases during the
treatment process. This is might be related to uptake of
chromophore and auxochrome groups containing
effluent. 100% of color removal was attained with 0.5
g/L for Mg-AlNO3 and 1g/L adsorbents dose of Ni-AlNO3.
It can be also observed that the absorbance of TWW was
decrease progressively by addition of Zn-AlNO3 dosage.

Table 5
Physico-chemical analysis of the textile wastewater.

Parameter

Value

Moroccan
standards

pH
Temperature (°C)
COD (mg/L)
Suspended solid (mg/L)

8.9
30-40
614.6
23

5.5–9.0
30
250
150

3.3.2. Effect of pH and adsorbent dose on color and COD
removal from TWW
Effects of solution pH and adsorbent dose on color
and COD removal were investigated using adsorption
technique. Experiments were performed to find the
optimum pH on the adsorption of pollutants containing
TWW onto Zn-AlNO3 using different initial pH values
changing from 2 to 10. The variation in UV-Vis
absorption spectra of color removal from wastewater at
various solution pH are shown in Fig.9. The result
showed that the absorbance of the sample decreases
with decreasing in the pH value, corresponding to
increase in the adsorption capacity. Maximum color
removal was observed at pH 5 and below.

Fig.10. Effect of pH on COD removal by Zn-AlNO3 (V = 20 mL,
Agitation speed: 500 rpm, contact time: 8h and adsorbent
dose: 1g/L).
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Fig.11. Variation in UV-Visible spectra of textle wastewater at different LDH dosages: (a) Zn-AlNO3, (b) Mg-AlNO3 and (c) NiAlNO3 (pH = 5, V = 20 mL and contact time: 8h).

Influence of LDH dose on COD removal was
presented in Fig.12. The result shows that 87, 84 and
87% of COD removal was achieved with Zn-AlNO3, NiAlNO3 and Mg-AlNO3, respectively. The necessary LDH
dose to reduce COD value from 614.6 mg/l to limits
authorized by Moroccan standards was 0.5g/L. This
result showed that the LDH might be new potential for
the treatment of effluents generated by textile industry.

adsorption process followed the pseudo-second-order
kinetic model. The equilibrium data were described by
Langmuir, Freundlich, Sips and Redlich-Peterson
isotherm models among which Sips model fit well the
experimental data. Adsorption studies with textile
effluent sample showed that the best conditions for
color and COD removal were obtained at lower values
of pH (4). 100% of color removal was obtained by MgAlNO3 and Ni-AlNO3 LDH. Reduction of COD value to
limits authorized by Moroccan standards was obtained
with adsorbent dose of 0.5g/L. This suggests that LDH
can be employed effectively for the treatment of dyeing
effluents.
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