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Layered double hydroxide (LDH) with hydrotalcite-like structure containing Mg(Il) and Fe(III) in the layers
and its calcined form were prepared at different Mg/Fe molar ration by co-precipitation method at fixed
pH =10 and followed by calcination at 500 °C (denoted CLDH). The obtained materials were characterized
by powder X-ray diffraction (PXRD), FT-IR spectroscopy, and TGA. The prepared LDH and CLDH were used
for Orange G (Acid Orange 10) dye removal from aqueous solutions. Batch studies were carried out to
address various experimental parameters such as contact time, pH, sorbent dose and temperature. The
sorption kinetics data fitted the pseudo-second order model. The isotherms were established and the
parameters calculated. The sorption data fitted the Langmuir model with good values of the correlation
coefficient. The sorption capacity of CLDH was found to be almost independent on initial pH of solution
in the range 3-13 and approximately 5 times higher than that of LDH.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Colour is the most apparent indicator of water pollution. The
release of coloured wastes into receiving streams not merely affects
the aesthetic nature but also interferes with transmission of sun-
light into streams and therefore reduces photosynthetic activity
[1]. Dyes can be classified as anionic (direct, acid and reactive
dyes), cationic (basic dyes) and non-ionic (disperse dyes) [2]. Acid
dyes are generally water soluble and are used for nylon, wool, silk,
modified acrylics and also to some extent for paper, leather, ink-
jet printing, food and cosmetics. The principal chemical classes of
these dyes are azo, anthraquinon, triphenylmethane, azine, xan-
these, nitro and nitroso [3]. Orange G (Acid Orange 10) belongs
to the acidic dye classes. In the USA Acid Orange 10 was used as a
drug and cosmetic colorant until October 1966. According to the US
National Toxicology program [4], Acid Orange 10 showed genotox-
icity for Swiss Albino mice [5] and might be dangerous for humans
as well [6]. Wastewaters offer great resistance for biodegradation
due to presence of these heat and light stable dyes. Due to their low
biodegradability, dyes are generally removed from aqueous solu-
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tions by sorption process using activated carbon [7-11]. The cost of
this process led to several studies on alternative removal methods
by use of less expensive natural materials and waste by-products
such as sludge, perlite, rice husk, sawdust, bentonite, organophilic
bentonites and layered double hydroxides [12-19].

Layered double hydroxides (LDHs), which are referred to anionic
clays in comparison with cationic clays and also as hydrotalcite-
like compounds (HT) are an important class of ionic lamellar
solids. Layered double hydroxides (LDHs) with the general formula
[M2*1_,M3*x (OH); (A" )y,]-yH20, have received considerable
attention in recent years because of their potential applications
such as ion exchangers, catalysts or catalyst supports, sorbents
and antacids [20-23]. The structure of these solids is derived from
a brucite structure in which trivalent cations partially substitute
divalent ones. This substitution gives rise to positively charged lay-
ers balanced with interlayer anions; water molecules also exist in
the inter-lamellar region [24,25]. The divalent (Mg2*, Zn%*, Cu?*,
etc.) and trivalent (AI3*, Cr3*, Fe3*) cations occupy the center of
[M2*/M3*](OH)g octahedral units and A"~ is an inorganic or organic
anion. The calcination of (LDH) at 500°C transforms them into
mixed oxides (CLDH) which give the layered double hydroxide
after rehydratation in the presence of the desired anion. This phe-
nomenon is known as memory effect [26]. Due to their memory
effect property, CLDH are suitable for sorption of anionic species.

From the survey of the literature, no information for the Orange
G removal by uncalcined and calcined Mg-Fe-CO3 layer double
hydroxide is available. Therefore, the main objects of this present
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work are: (i) the preparation and characterization of uncalcined and
calcined Mg-Fe-COj3 layer double hydroxide, (ii) the study of the
feasibility of the obtained materials on Orange G adsorption, (iii)
the determination of the various parameters affecting sorption and
(iv) the study of the memory effect by X-ray diffraction of calcined
Mg-Fe—COj3 on its sorption of Orange G and carbonates anions.

2. Experimental
2.1. Starting materials

2.1.1. Hydrotalcite and calcined hydrotalcite

Mg-Fe-CO3 (LDH), with various Mg/Fe molar ratios of 2-5
were prepared by co-precipitation at a fixed pH =10, following the
method described by Reichle [27]. A mixed solution of MgCl, 6H,0
(from 0.2 to 0.5mol) and 0.1 mol of FeCl3 6H,0 in 100 ml of dis-
tilled water was added drop wise under vigorous stirring to 100 ml
of an aqueous solution containing 0.2 mol of Na;CO3 and 0.1 mol of
NaOH. During the co-precipitation process, the pH was maintained
at a constant value equal to 10 by addition of 3 M NaOH solution.
The suspension was stirred during 24 h at 80 °C for maturation and
then centrifuged. The obtained material was washed with distilled
water until obtaining a ClI- free LDH (AgNOj3 test), dried during
24h at 105°C, ground in an agate mortar and 250 pm sieved. A
fraction of the obtained material was calcined at 500 °C during 8 h.
The obtained solid was designated as CLDH.

2.1.2. Sorbate

Orange G (Acid Orange 10) (purity >99%), a mono azoic and acid
dye, is a synthetic dye provided by Across Organics and was used
as received. Synthetic test dye solution was prepared by dissolving
accurately a known amount of dye (1gL~1) in distilled water and
subsequently diluting required concentrations.

2.1.3. Characterization of the prepared materials
Powder X-ray diffraction data were collected with mono-

chromatic Cu Ko radiation (A =1.540589 A) using a PHILIPS X'Pert
MPD diffractometer. FT-IR spectra of LDH and CLDH (KBr disc
samples)were recorded on a NICOLET Avatar 330 FT-IR spectropho-
tometer in the region of 400-4000cm~!. Thermogravimetric
analyses (TGA) were performed with a Netzsch TGA 409 PC thermo
balance with a heating rate of 20 °C/min from 25 to 900°C.

2.2. Study of Orange G removal with LDH and CLDH

2.2.1. Kinetic study

Kinetic studies were conducted to find out the equilibrium time
and the kinetic models of Orange G sorption by LDH and CLDH.
In this study, the solid/solution (LDH or CLDH) ratio was 1gL~!
and the initial concentration of Orange G was 200mgL-!. Sus-
pensions were stirred for different time interval (5 min to 48 h) at
room temperature and then centrifuged. The dye concentration in
the supernatants was measured by visible spectrophotometer on
SAFAS (Monaco 2000) UV-vis spectrophotometer at 480 nm. The
adsorbed amounts were determined from the difference between
the initial and final concentrations.

2.2.2. Sorption isotherms

The sorption isotherms were established using LDH and CLDH
suspensions in Orange G solution (solid/solution ratio=1gL™1)
in a range from 50 to 800mgL-1. The suspensions were stirred
during equilibrium times then centrifuged. The dye equilibrium
concentration in the supernatants was determined by visible spec-
trophotometer at 480 nm.

The quantity of dye adsorbed at equilibrium was calculated by
the following expression:
(Co - Ce)V

Qe =—"7 (1)

where m is the mass of sorbent (g), V is the volume of the solu-
tion (L), Cp is the initial concentration of sorbate (mgL~1), Ce is the
equilibrium sorbate concentration (mgL~1)and ge is the quantity of
sorbate adsorbed at equilibrium (mg of Orange G per g of sorbent)

2.2.3. Effect of the temperature

This effect was studied on suspensions of LDH and CLDH in a
solid/solution ratio equals to 1gL-1 in 300 and 500 mgL-! of dye
solution with LDH and CLDH, respectively. The suspensions were
stirred at three constant temperatures (278, 298 and 323 K) during
equilibrium time. The supernatants were separated by centrifuga-
tion and the equilibrium concentrations were determined as above.

2.2.4. Effect of LDH and CLDH dose

This effect was studied on suspension of LDH or CLDH in 300
or 500mgL-"! of Orange G solution by varying solid/solution ratio
from 0.1 to 1.8 gL~! at natural pH of the dye (5.4). The suspensions
were stirred during equilibrium times then centrifuged. The dye
equilibrium concentration in the supernatants was determined as
above.

2.2.5. Effect of initial pH

This effect was studied on suspensions of CLDH in 500 mgL~!
of Orange G dye solution (solid/solution ratio=1.4gL~1). The ini-
tial pH of dye solution was adjusted to values in the range from
3 to 13 by the addition of 0.1 M NaOH or 0.1 M HCI solutions.
The suspensions were stirred during the equilibrium time at room
temperature, and then centrifuged. The dye concentration was
determined as above.

2.2.6. Reconstruction by rehydration process (memory effect)

The rehydration process (reconstruction) of the layered struc-
ture was carried out with samples thermally decomposed at 500 °C.
An amount of 50 mg of samples was suspended in 50 mL of Na,CO3
(0.5molL~1) or of Orange G dye (500 mgL-1) solution and stirred
for 24 h at room temperature. The rehydration products were sepa-
rated by centrifugation, washed several times with distilled water,
dried at 105 °C over night then characterized by XRD.

3. Results and discussion
3.1. Characterizations of materials

The powder X-ray diffraction pattern of LDH with different
Mg/Fe molar ratios (Fig. 1a) shows peaks at 7.7 A (dyg3), 3.84A
(dooe), 2.64A (d()]z), ].55A (d] 1 0) and 1.52 A (dl 13), which is sim-
ilar to those reported by several authors [26-29]. By analyzing the
X-ray diffractograms we obtained that cell parametersarea=3.10A
and c=23.1A for LDH sample which are in good agreement with
previous reports [26-30]. The influence of Mg/Fe molar ratios was
apparent, it can be see from XRD (Fig. 1a) that with Mg/Fe molar
ratio equals 3, the good cristalinity and higher hydrotalcite content
in sample were obtained.

The diffractogram pattern of CLDH (hydrotalcite calcined)
(Fig. 1b) shows peaks at 20=43.06° and 62.48° which are corre-
sponding to MgO, and at 26=30.2°, 35.5°, 43.06°, 57.2° and 62.5°
which can be attributed to the MgFe,04 (magnesioferrite) spinel
structure (JCPDS 17-0465) those peaks have been observed by Fer-
reira et al. [26] and Zhang et al. [31].

The FT-IR spectra of LDH with different Mg/Fe molar ratios
showninFig. 2 are typical of layer double hydroxides and agree well
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Fig. 1. XRD patterns of uncalcined MgFe-LDH with various Mg/Fe ratios (a) and
samples calcined at 773 K (b); (a) MgFe;04; (v) MgO.

with the typical results obtained by Ferreira et al. [26]. The broad
band observed at 3436cm™! is attributed to the interlayer water
molecules, this band become weaker and is shifted at 3411 cm™!
when hydrotalcite is calcined. The weak band at 1647 cm~! is due
to the bending vibration (deformation mode of HOH (8y_o-p)) of
interlayer water molecules in LDH [25-29]. The strong band at
1359 cm™! is due to the mode v3 of the interlayer carbonate species
as reported in the literature [26,30]. The bands in the range of
500-750cm! are attributed to metal-oxygen-metal stretching
[25-30].

The TGA plot for LDH sample (Fig. 3) shows three distinct
weight losses in the temperature ranges 50-200, 200-460 and
460-750°C. The weight loss in the first step (50-200°C) was
about 13% which is a common characteristic of hydrotalcites
related to the loss of physisorbed and interlayer water. The sec-
ond weight loss, which occurs between 200 and 460°C, was due
to the first step of dehydroxylation and the removal of carbon-
ate ions from the interlayer and represents a mass loss of 21%.
Over this temperature range, the hydrotalcite undergo decar-
bonatation and dehydroxylation reactions and produce metal
oxides. In the third, final mass loss (about 5%) that occurs further
than 460°C can due to continuous dehydroxylation and decar-
bonatation and formation of oxide metals as MgO, which are
detected in X-ray diffractogram of CLDH (hydrotalcite calcined
at 500°C), and probably MgFe,0,4 as reported by Ferreira et al.
[26].

3.2. Study of Orange G removal with LDH and CLDH

All this study was established with LDH and CLDH prepared by
co-precipitation with Mg/Fe molar ration equals 3.
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Fig. 2. FT-IR spectra of uncalcined (LDH) with different Mg/Fe ratios (a) and LDH
and calcined (CLDH) Mg-Fe-CO3; with Mg/Fe =3 (b).

3.2.1. Contact time effect on Orange G adsorption

Plots of removed amounts of Orange G per gram of solid (q¢)
versus contact time presented in Fig. 4 shows that the sorption equi-
librium of Orange G was reached after 12 and 9 h on LDH and CLDH,
respectively. Zhu et al. reported that equilibrium time required for
Brilliant Blue R (BBR) sorption by calcined LDH was less than 12 h,
whereas, BBR sorption by uncalcined LDH was longer than 20h
[18]. The difference between equilibrium time obtained with LDH
and CLDH can be explained that dye adsorption on LDH may occur
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Fig. 3. TGA plot of uncalcined Mg-Fe-COs.
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Fig. 4. Effect of contact time on Orange G adsorption on LDH and CLDH,
Co=200mgL!

via exchange mechanism, but on CLDH, it occurs probably by both
surface and ion exchange phenomena by reconstruction (memory
effect). Furthermore, for the same initial dye concentration, the
adsorbed amount is higher on CLDH than on LDH.

From these preliminary results and for the following sorption
study, the contact time of 12 h and 9 h were selected to ensure the
sorption equilibrium with LDH and CLDH, respectively.

3.2.2. Kinetic modelling

The sorption kinetics is an important aspect of the pollutant
removal process control. The Lagergren pseudo-first-order model
[32], the Ho and McKay pseudo-second-order model [33-37], and
the Weber and Morris intra-particle diffusion model [38] are the
most frequently used in the literature to predict the involved mech-
anism in the sorption process.

The Lagergren pseudo-first-order model is expressed by the fol-
lowing equation [32]:

dq

where g; and ge (mg g~1) are respectively the amounts of adsorbed
dye at time t and at equilibrium and k; (min~! or h™1) is the
first-order rate constant. Integration of Eq. (2) gives the following
expression:

Ln(qe — qt) = Ln(qe) — k1t

Eq. (3) shows a linear relationship between Ln(ge — q¢) and t.
Linear regression calculation allows to obtain the values of the
rate constant k; and the equilibrium adsorption capacity ge. These
parameters were calculated for the adsorption of Orange G on LDH
and CLDH. The results are plotted in Fig. 5 and the calculated param-
eters reported in Table 1. According to correlation coefficient (R?)
values which are lower than 0.93 for both materials, we can infer
that the experimental results did not fit the pseudo-first-order
model. Moreover, large differences between experimental and cal-
culated values of the equilibrium adsorption capacity are observed
for both LDH and CLDH (Table 1).

A pseudo-second-order model may also describe the kinetic
sorption of Orange G on LDH and CLDH. According to Ho and McKay
[33-37], the differential equation for this model is

dqt
dt

where, g; and ge (mg g~—1) are respectively the amounts of adsorbed
dye at time tand at equilibriumand k, (h~! (mg/g)~1)is the pseudo-

a - k1(ge — qt)

=8 = ka(qe — q¢)?

second-order rate constant.

T
20

Contact Time (h)

Intra-particle diffusion model

T
24 28 32 36 40 44 48

Pseudo-second-order model
kz (h="(mg/g)~")

0.0269
0.0199

(2)

(3)

Pseudo-first-order model

Experimental

(4)

Sorbent

Kinetic parameters for Orange G adsorption by LDH and CLDH.

Table 1

RZ

C(mgg")
37.90
65.00

ki (mgg~" h™0?)

R2
9.658

h(mgg~'/h)
142.6
335.8

Ge, cal (mgg™1)

RZ

qe, cal (mgg™1)

35.23
66.99

ki (h™")
0.2278
0.3977

e, exp (mgg")

72.08
128.60

0.9714
0.9825

0.9996
0.9998

72.8
129.9

0.9126
0.9277

LDH

21.045

CLDH
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Fig. 5. Pseudo-first-order plots for Orange G adsorption on LDH and CLDH.

The integration of Eq. (4) and its linearization gives the following
expression:

t 1 1
= >+ —t (5)
Gt kaqs e

If the initial sorption rate is:
h= kzqg (6)
Then Eq. (5) becomes:

t 1 1
@ h + Qet (7)
The plots of t/q; versus t (Fig. 6) are straight lines where slopes
and intercepts are 1/qe and 1/k,q2, respectively. The values of the
rate constant ky, of the equilibrium sorption capacity ge and initial
sorption rate are calculated from these parameters. The calculated
k>, ge and h values and the corresponding linear regression corre-
lation coefficient R? values for both LDH and CLDH are reported in
Table 1. Very good correlation is observed between experimental
data and the pseudo-second-order kinetic model with correlation
coefficient values close to unity (R?>0.999), which showed that
the Orange G uptake process by both LDH and CLDH followed
the pseudo-second-order model. Besides, low differences between
experimental and calculated values of Orange G equilibrium sorp-
tion capacity were observed and are less than 1%.

074  y(LDH) = 0.01374x + 0.00702
R’ =0.9996
0,6
o5  Y(CLDH)=0.0077x+0.00298
o R = 0.9998
g 04
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Fig. 6. Pseudo-second-order plots for Orange G adsorption on LDH and CLDH.
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Fig. 7. Weber and Morris plots of Orange G adsorption on LDH and CLDH.

The intra-particle diffusion model knows as the Weber and Mor-
ris model [38] is expressed by the following equation:

g = kigt®> +C (8)

where, g is the amount of Orange G adsorbed at time t, C the
intercept and k;q (mgg~'h=095) is the intra particle diffusion rate
constant. This latter is determined from the linear plot (Fig. 7) of
qgr versus t%5, and it is usually used to compare the mass transfer
rates. If the plot does not pass through the origin, this is indicative
of some degree of boundary layer control and intra particle diffu-
sion is not the sole rate limiting step. The intercept values are 37.90
and 65.00mgg~"! for LDH and CLDH, respectively (Table 1), which
indicates that pore diffusion is not rate limiting step [37-40].

3.2.3. Sorption isotherm

The equilibrium sorption experimental data of Orange G dye
by CLDH and LDH were analysed using the most frequently used
Freundlich and Langmuir isotherm models.

The empirical Freundlich model which is known to be adequate
for low concentrations is expressed by the following equation [41]:

ge = KgCo/™ 9)

where ¢e is the equilibrium concentration of solute per gram of
adsorbent (mgg~1), Ce is the equilibrium aqueous concentration of
the solute (mgL~1),Kr and n are Freundlich constants which are
related to adsorption and intensity of adsorption.

Eq. (9) can be linearized in its logarithmic form, which allows
the determination of Freundlich constants as below:

log e = %logCe + log K (10)

The Langmuir isotherms model is described by the following
equation [42]:

 QuaxkiCe
9= T7K.Ce an

where ge (mg/g) is the amount of dye removed per gram of sorbent,
Qmax (mgg~1) is the maximum sorption capacity, Ce (mgL-1) is
the equilibrium dye concentration and K (Lmg~1) is the Langmuir
constant related to adsorption energy.

The linear form of Langmuir equation can be expressed as below:
Ce Ce 1

(12)

- 4
Ge Qmax QmaxKL

The values of Kg, 1/n, Qmax, KL and the correlation coefficients
for Langmuir and Freundlich models are given in Table 2. It can
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Table 2
Freundlich and Langmuir isotherm constants for Orange G dye adsorption on LDH
and CLDH.

Sorbent Freundlich model Langmuir model

n Kg R? Ky (Lg" ) Qmax (mg gil ) R?
LDH 463 214 0.8291 0.074 76.4 0.9982
CLDH 272 41.7 0.9504 0.023 378.8 0.9959

be seen from Table 2 that the correlations coefficient R? values
for Langmuir model are higher than those of Freundlich model.
Thus we can deduce that adsorption isotherms for both materi-
als are better represented by Langmuir model than the Freundlich
model. Furthermore, the maximum sorption capacity of CLDH was
found approximately 5 times higher (378.8 mgg~!) than that of
LDH (76.4mgg~1). Mall et al. have obtained 18.8 mg of Orange G
adsorbed per gram of bagasse fly ash [43].

3.2.4. Effect of the temperature
The study of the temperature effect on Orange G adsorption on
LDH and CLDH enabled us to determine the thermodynamic param-
eters (AG°, AH° and AS°) of these reactions by using the following
equation:
AS°  AH°

R RT

where R is ideal gas constant, T is the temperature (K), Kq (Lg~1) is
the distribution coefficient which is calculated with the following
expression:

_ Qe
T Ce
The plot of In(Ky) versus 1000/T for both LDH and CLDH gives a
straight line, the slope and the intercept correspond to AH°/R and
AS°[R, respectively.

The thermodynamic parameters calculated from the values of
the slopes and intercepts are reported in Table 3. Generally, the
change in adsorption enthalpy for physisorption is in the range
of —20 to 40kJ/mol, but for chemisorption is between —400 and
—80KkJ/mol [44]. Positive values of AH° indicate that adsorption of
Orange G on both LDH and CLDH is an endothermic process and
physical in nature. Furthermore, negative values of AG° indicate
that the Orange G adsorption is spontaneous on both materials.
The positive values of AS° indicate an increasing randomness at
solid-solution interface during adsorption process.

Inky = (13)

Ky (14)

3.2.5. Effect of LDH and CLDH dose

The adsorption of Orange G on CLDH as function of sorbent dose
is shown in Fig. 8. The Orange G amount adsorbed by both LDH and
CLDH increase with increasing sorbent dose until 1.4gL-!, from
this dose the quantities of dye adsorbed on both materials were
still unchanged. This may be explained by the good dispersion of
materials particles on Orange G solutions, where the adsorbed and
exchanged sites of materials were probably more open.

3.2.6. Effect of initial pH
Fig. 9 shows the plots of Orange G amount adsorbed versus initial
pH solution ranging from 3 to 13. From the Fig. 9, it was observed

¥:2:fnidynamic parameters for the adsorption of Orange G on LDH and CLDH.
AS° (J/mol K) AH° (k]/mol) AG® (kJ/mol)
273K 298K 323K
LDH 157.13 31.81 -11.87 -15.01 -18.94
CLDH 132.56 21.28 -15.57 -18.22 -21.53

220+

—>—LDH
2004 >-~CLDH » D> > >

180

T T T T
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0
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Fig. 8. Effect of adsorbent dose on Orange G adsorption.
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Fig. 9. Initial pH effect on Orange G adsorption on CLDH.

that the initial pH did not affect the adsorption of Orange G on
CLDH, but the final pH increases with increasing initial pH. Simi-
lar observation was reported in the literature with almost similar
adsorbents [18,25].

3.2.7. Reconstruction by rehydration process (memory effect)

The anionic layered material can be reconstructed by rehy-
dration by immersion of the calcined solid in water containing
anionic species [45]. Fig. 10 shows the X-ray diffraction pattern
of the original CLDH without rehydration, with rehydration on car-
bonates solution (0.5 mol L-1) and with rehydration on Orange G
solution (500 mgL-1). Fig. 10 shows characteristic peaks of the
same LDH as the starting phase with a loss in their relative inten-
sity reflecting a slight fall in the crystallinity of the material.
The rehydration of the mixed oxides obtained after calcination
at 773K of the starting material (LDH) gives in the presence of
carbontae anions an hydrotalcite phase with good cristallinity
than that in the presence of Orange G dye (Fig. 10c), the same
observations was reported by Ferreira et al. [26]. Nevertheless,
the intensity of the peaks had decreased compared with the
starting LDH because of some reduction in crystallinity follow-
ing the calcination and rehydration. However, no evident change
in the interlayer spacing was observed (dgo3=8.0A for calcined
LDH rehydrated in the presence of Orange G dye and 7.7 A for
starting LDH) indicating that the Orange G was adsorbed onto
the surface of the LDH rather than intercalated between the
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Fig. 10. Powder X-ray diffractogramm of: (a) original calcined (CLDH) Mg-Fe-COs,
(b) rehydration on carbonates solution, (c) rehydration on Orange G solution and
(d) starting uncalcined (LDH) Mg-Fe-COs.

interlayer. Similar observations have been cited by Yuan et al.
[46].

4. Conclusion

In this work, an uncalcined and calcined Mg-Fe-CO3 layer
double hydroxides were prepared. The obtained materials were
characterized and used for an acidic dye (Orange G) removal from
aqueous solutions. The study of Orange G adsorption on both LDH
and CLDH indicate that:

(1) The kinetic results fit the pseudo-second-order model with cor-
relation coefficient values nearly to unity for the two materials
with initial sorption rate on CLDH higher than that on LDH. The
higher intercept values indicate that pore diffusion is not rate
limiting step of the sorption process.

(2) The Orange G sorption follows the Langmuir model with cor-
relation coefficient higher than 0.99 for the two materials. The
Orange G sorption capacity of CLDH is approximately 5 times
higher than that of LDH and other. The sorption capacity of
CLDH was found to be independent on pH in the range from
3to 13.

(3) The values of the thermodynamic parameters obtained indi-
cated that the Orange G sorption was spontaneous and
endothermic in nature.

Consequently, it has been demonstrated the efficiency of the
uncalcined and calcined Mg-Fe-CO3 layer double hydroxides on
Orange G adsorption, for this reason those two materials could
be used to decolorize anionic dyes as Orange G from wastewater.
Therefore, the work is in progress to determine the mechanism of
Orange G adsorption on LDH and CLDH and also to improve the dye
removal rate.
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