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a b s t r a c t
Co-precipitation at constant pH is a common method for the preparation of layered double 
hydroxides (LDHs) and related materials. In this work, Ni–Fe and Zn–Fe materials were co-pre-
cipitated at variable pH and characterized by X-ray diffraction and infrared spectroscopy. The 
batch method for evaluating the adsorption of Cochineal Red A dye into prepared materials was 
investigated. It has found that the sorbed amount depends on the nature and content of bi- and 
trivalent metal ions in LDH. The removal of Cochineal Red A dye reaches its maximum of 98.44% 
and 96.86% after 60 and 80  min for Ni–Fe and Zn–Fe respectively with the use of the optimum 
masses of 40 and 100  mg for these respective materials. Freundlich and Temkin isotherm mod-
els were applied to describe the equilibrium sorption experimental data. The Cochineal Red A 
dye sorption follows the Temkin model with high coefficient correlation for the two materials. 
This indicates that the adsorption is characterized by a uniform distribution of binding energies 
between the molecules adsorbed and adsorbents. The sorption kinetics data fitted the pseudo-
second-order model. Adsorption experiments were carried out as a function of pH, temperature 
and sorbent dose. The sorption was found to be a pH independent for Ni–Fe material, whereas, 
higher pH potentially causes dissolution of Zn–Fe material. Thermodynamic study indicates 
that the sorption process is spontaneous and endothermic in nature.
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1. Introduction

Organic dyes are widely used in textile, leather, cosmetic, 
plastic, paper, food, petroleum and some other industries 
such as nylon, wool, silk and inkjet printing [1–3].

Due to significant growth of this class of industries, 
the increase of discharge of dye wastewater has been 
recorded over the past years [4].

Many organic dyes have a harmful effect on human 
health (dysfunction of kidneys, reproductive system, liver, 

brain and central nervous system) and are characterized 
as carcinogenic [5].

Cochineal Red A, azo dye is largely used in different 
industrial fields including food, cosmetics, drugs, textile 
and pharmaceutical industries [6–8].

Several diseases such as occupational asthma, anaphy-
laxis, urticarial, angioedema, bronchospasm or aggravation 
of atopic dermatitis and food allergy known to be caused 
by this dye have been reported. It may increase hyperactiv-
ity in affected children and adversely affect those that are 
sensitive to aspirin [9–12].
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Due to its toxic and carcinogenic effects, it needs to be 
removed before the wastewater can be discharged.

Dyes and colorants contaminants are removed by many 
techniques such as chemical degradation, biological deg-
radation, photochemical degradation, electro-coagulation, 
sedimentation, adsorption, membrane process and the com-
bined treatment of different methods. Electrocoagulation 
is an efficient and cost-effective method for removing 
organic pollutants. Also electrocoagulation is found to 
be more effective than advanced oxidation process (e.g., 
UV/TiO2) for removal of organic compounds in terms of 
efficiency and electrical energy consumption. [13–18].

Adsorption is one of the best wastewater treatment 
method. It has several advantages such as operating flexibil-
ity, high removal efficiency on a wide range of substances, 
possibility to recycle many adsorbents and insensibility 
to toxicants [2,19,20].

Activated carbon, bentonite, and metal oxides, fly ash 
and coal are widely used to remove dyes from aqueous 
solutions [21]. However, there are certain drawbacks asso-
ciated with these adsorbent materials, such as relatively 
low adsorption capacity, difficulty to reuse, high prepa-
ration cost, unstable properties and secondary pollution. 
Therefore, the research has been focused on developing 
adsorbents with higher affinity, capacity and selectivity for 
the target pollutants. Layered double hydroxides (LDHs) 
which have moderate chemical stability, low cost and 
non-toxicity are also known as hydrotalcite-like materials 
or anionic clays, are represented by the general formula 
[M2+

1–xM3+
x(OH)2][Ax/m

m–, nH2O], where M2+ is a divalent metal 
cation such as Mg2+, Zn2+ and Cu2+, M3+ is a trivalent metal 
cation such as Al3+, Fe3+ and Cr3+, Am– is the exchangeable 
interlayer anion and x is defined as the ratio between diva-
lent and trivalent cations with different values between 0.2 
and 0.33 [22]. LDH is an attractive adsorbent candidate for 
selectively removal of anionic dye pollutants [16,23–25]. 
For instance, Lafi et al. studied the adsorption for Congo 
red using Mg–Al LDH, and it was found that the maxi-
mum adsorption capacity was 111.11  mg/g. Ahmed et al. 
synthesized Mg–Fe LDH for the extraction of Congo red 
from aqueous solution, and the maximum adsorption 
capacity was found to be 104.6 mg/g. Recently, LDH based 
nano-composites such as those hybridized with carbon 
materials, polymers or anions have been increasingly stud-
ied for the removal of various toxic pollutants from aque-
ous solutions. For example, Yang et al. studied the adsorp-
tion efficiency of Congo red on CNT/MgAlO and revealed 
significant improvement in surface area after CNT hybrid-
ization which increased the adsorption capacity of dye. 
Similarly, Zhang et al. investigated the adsorption perfor-
mance of methylene blue on carbon dot/Mg–Al LDH and 
demonstrated that the presence of C-dots in LDH improved 
the removal efficiency due to the reaction of methylene 
blue with surface hydroxyl groups in the C-dots [21,26,27]. 
Several methods, such as co-precipitation at constant pH, 
hydrothermal, ion exchange, and sol–gel have been used 
to synthesize LDH in the laboratory [26]. However, the 
study on the application of LDH synthesized by co-pre-
cipitation at variable pH as adsorbent for dyes removal is 
rarely reported. The objectives of the present study were to  
synthesize two different materials Ni–Fe and Zn–Fe by co- 

precipitation method at variable pH and to evaluate the 
sorption performance of the prepared materials for their 
capacity to remove acid dye Cochineal Red A from water.

From the literature, no information for the Cochineal 
Red A removal by the synthesized materials in the present 
work is available. The relevant parameters such as adsor-
bent dosage, solution pH, contact time and temperature 
were optimized for the best adsorption performance of 
prepared materials. Adsorption kinetics, isotherms and 
thermodynamics were used to expound the specific adsorp-
tion mechanism. The regeneration of the adsorbent was 
examined to verify the reusability of materials.

2. Experimental

2.1. Materials

Iron(III) chloride hexahydrate, FeCl3·6H2O (from Alfa 
Aesar, 97%, Port of  Heysham Industrial Park Heysham, 
Lancashire LA3 2XY United Kingdom), chloride acid 0.1 N, 
HCl (from Biochem, 37%–38%, BP 3496, Lome, Togo), zinc 
chloride, ZnCl2 (≥98%), nickel(II) chloride, NiCl2 (98%), 
sodium hydroxide 2 M, NaOH (99.8%) and acetone (≥99.5%) 
are from Sigma-Aldrich (3050 Spruce St. Louis Missouri, 
63103 United States) and are used as received.

2.2. Sorbents synthesis

Ni–Fe and Zn–Fe LDHs were synthesized through a 
co-precipitation method at variable pH with [Ni]/[Fe] and 
[Zn]/[Fe] ratio equal to 2 as described by Fernando Pereira 
de Sá et al. [28].

The Zn–Fe LDH was prepared in a solution contain-
ing 0.14  mol of Zn(Cl)2, 0.07  mol of Fe(Cl)3·6H2O and 
100  mL of distilled water. This solution was slowly added 
to a solution containing 200  mL of NaOH (2  M) while 
moderately agitation until a pH between 7 and 9. The 
obtained precipitate was washed, dried at 70°C overnight 
and then grounded into fine powder by an agate mortar.

A Ni2+/Fe3+ LDH chloride was prepared by a method 
analogous to the Zn–Fe LDH described above, except that 
Ni(Cl)2·6H2O (20  g) and Fe(Cl)3·6H2O (11.37  g) were used 
as the source of nickel and iron and the pH was between 
9 and 10.

2.3. Sorbate

Fig. 1 shows the molecular structure of Cochineal Red 
(C20H11N2Na3O10S3) which is an acid and azoic dye [29].

Fig. 1. Cochineal Red A structure.
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2.4. Characterization of the prepared materials

Powder X-ray diffraction data were collected with 
CuKα radiation (λ  =  1.54056) using a Philips X’PERT-PRO 
diffractometer (Maryland Hall 45). The IR spectra of the 
synthesized materials were performed with an Alpha Bru
ker FTIR spectrometer (Rudolf-Plank-Str. 27 Ettlingen 76275 
Germany) over the 4,000–400 cm–1 wavenumber range.

3. Study of Cochineal Red removal with synthesized materials

3.1. Kinetic study

For kinetic studies, a suspension was prepared by the 
addition of 400 mg of prepared materials in 250 mL of dif-
ferent Cochineal Red A dye solutions. Experiments were 
carried out at room temperature and at constant stirring 
(500 rpm). After selected time intervals, 5.0 mL of the sam-
ples were stirred then centrifuged. The dye concentration 
was determined at 507  nm by UV-Visible spectropho-
tometer (OPTIZEN 3220UV).

The initial concentration of Cochineal Red A dye were 
ranged from 10 to 70 mg/L.

The quantity of dye adsorbed at time t was calculated 
by using the following equation:

q
C C V
mt

i t=
−( )

	 (1)

where Ci (mg/L) is the initial concentration of the Cochineal 
Red A dye solution, Ct is the concentration of Cochineal 
Red A dye present at time t (mg/L), V is the volume of the 
solution (L) and m is the mass of adsorbent (g).

3.2. Sorption isotherms

The sorption isotherms for each system of materials/
adsorbate were studied by adding 80  mg of materials sus-
pensions with Cochineal Red A in aqueous solution. 50 mL 
of dye solution ranging from 10 to 70  mg/L were shaken 
for 2  h at room temperature then centrifuged. The dye 
equilibrium concentration was determined by visible spec-
trophotometer at 507 nm.

The quantity of dye adsorbed at equilibrium was calcu-
lated by the following expression:

q
C C V
me

i e=
−( )

	 (2)

where Ci (mg/L) is the initial concentration of Congo red 
(CR) solution, Ce is the concentration of CR present at 
equilibrium (mg/L), V is the volume of the solution (L), 
m is the mass of adsorbent (g) and qe is the quantity of sor-
bate adsorbed at equilibrium (mg of dye per g of sorbent).

3.3. Temperature effect

This effect was studied at four constant temperatures 
(298, 308, 318 and 328 K), fixed initial dye concentration (Ci) 
of 50 mg/L and sorbent mass of 80 mg. The solutions were 
stirred for 2  h then centrifuged. The quantities of sorbate 
adsorbed at equilibrium were determined as above.

3.4. pH initial effect

The effect of pH initial on the removal of dye by syn-
thesized materials was carried out at pH ranging from 2 to 
11, fixed initial dye concentration (Ci) of 50  mg/L and sor-
bent mass of 80 mg. The solutions were stirred for 2 h then 
centrifuged. The dye concentration is determined as above.

3.5. Sorbent dosage effect

This effect was studied on suspension of materials 
in 50  mg/L of dye solution by varying sorbent quanti-
ties from 20 to 200 mg at natural pH of the solution dye. 
The suspensions were stirred for 2  h then centrifuged. 
The quantities of sorbate adsorbed at equilibrium were 
determined as above.

3.6. Adsorbent regeneration and recyclability

The possibility of regeneration is an important factor 
for the evaluation of the adsorbent. In order to study the 
recyclability of the adsorbents, the desorption experi-
ments of Cochineal Red dye were performed by acetone 
extraction of the sorbed dye followed by drying of the solids 
at 40°C overnight [30]. The resulting materials were used 
to remove dye from aqueous solutions at the same solid/
solution ratio as in the sorption study (a solid/solution 
ratio of 1.75 g/L and an initial concentration of 30 mg/L).

4. Results and discussion

4.1. Characterization of materials

X-ray diffraction patterns of synthesized materials are 
shown in Fig. 2.

The peaks of Ni–Fe LDH located at (003), (006), (012), 
(110) and (113) are attributed to the characteristics peaks 
of LDH.

The X-ray diffraction (XRD) pattern shows peaks of 
NaCl at 27.39° (111), 31.69° (200), 45.35° (220), 53.98° (311), 
56.60° (222), 66.27° (400) and 75.35° (420), in good agree-
ment with the reference pattern of NaCl (00-001-0993) which 
can be attributed to the reaction of Na+ with Cl–.

The pattern shows peaks at 33.85° and 44.85° associated 
to either Ni(OH)2 or Fe(OH)3. Because the as-synthesized 
Ni–Fe exhibits poor crystalline structure, the lower dif-
fraction intensity was observed [31].

The XRD patterns of the Zn–Fe show that no hydrotal-
cite structure is formed under the synthesis conditions used. 
It is composed of one major crystalline phase identified 
as ZnO due to the synthesis conditions used; based on Zn 
solubility curves, precipitation of ZnO starts at pH 9 [32].

Infrared spectra of the synthesized materials shown 
in Fig. 3 indicate bands characteristics of layered dou-
ble hydroxide compounds. The broad bands observed at 
3,352  cm–1 for both spectra are attributed to the stretching 
mode of hydrogen-bonded hydroxyl groups from both 
the hydroxide layers and interlayer water [33]. The bands 
around 1,632 as shown in Fig. 3 represent H–O–H bending 
vibration of water [34,35]. While the bands recorded at 1,352 
and 1,362 cm–1 can be attributed to the carbonate ions, which 
might have been formed by the adsorption of atmospheric 
CO2 [30].
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4.2. Study of Cochineal Red A removal with  
synthesized materials

4.2.1. Contact time and initial concentration 
effect on dye adsorption

In order to study the effect of initial dye concentra-
tion, the experiments were carried out at different initial 
concentrations ranging from 10 to 70  mg/L. The results 
are presented in Fig. 4. From the figure it is found that, 
the amount of CR dye adsorbed by synthesized materi-
als increased with increasing the dye concentration and 
remained nearly constant after equilibrium time. The 
equilibrium time was 60 and 80  min for Ni–Fe and Zn–
Fe LDHs respectively synthesized by co-precipitation at  
variable pH. This can be attributed to the fact that at the 

initial stage, the adsorption sites are more, and the CR dye 
can interact easily with the sites, so a higher adsorption 
rate is reached. Due to slower diffusion of solute into the 
interior of the adsorbent, a slow adsorption rate in later  
stage is observed [36].

The amount of dye adsorbed (qe) from 6 to 43  mg/g as 
concentration was increased from 10 to 70 mg/L. The plots 
are single, smooth and continuous curves leading to satura-
tion, suggesting the possible monolayer coverage to nitrate 
on the surface of the adsorbent [37].

4.2.2. Kinetic modelling

The sorption kinetic is an important aspect of pro-
cesses for pollutant removal. To describe the mechanism for 
process sorption, the Lagergren first-order kinetic model 
and the pseudo-second-order model were applied which 
are mathematically expressed in Eqs. (3) and (4), respectively:

dq
dt

k q qt
e t= −( )1 	 (3)

dq
dt

k q qt
e t= −( )2

2
	 (4)

where qe and qt are the amount of solute adsorbed per unit 
amount of adsorbent at equilibrium and at any time, t, 
respectively (mg/g), k1 is the pseudo-first-order rate con-
stant (min–1), and k2 is the pseudo-second-order rate constant 
(g/mg min).

After integration using the boundary conditions that 
at t  =  0, qt  =  0, and that at t  =  t, qt  =  qt, the linear form of 
Eqs. (3) and (4) become respectively:

ln lnq q q k te t e−( ) = − 1 	 (5)

Fig. 2. XRD patterns of synthesized (a) Ni–Fe and (b) Zn–Fe LDHs samples.
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Fig. 3. Infrared spectra of synthesized (a) Ni–Fe and (b) Zn–Fe 
LDHs samples.
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t
q k q

t
qt e t

= +
1

2
2 	 (6)

The experimental data were analyzed initially with 
first-order Lagergren model. The plot of ln(qe  −  qt) vs. t 
(Fig. 5) should give the linear relationship from which 
k1 and qe can be determined by the slope and intercept 
respectively [Eq. (5)]. The kinetic parameters for all experi-
mental data are summarized in Table 1. The results showed 
that the theoretical calculated qe (cal) value doesn’t agree 
well with experimental qe (exp) values at all concentra-
tions studied with poor correlation coefficient. So, fur-
ther the experimental data were fitted with second-order 
Lagergren model [Eq. (6)]. The equilibrium adsorption 
capacity, qe (cal) and k2 were determined from the slope 
and intercept of plot of t/qt vs. t (Fig. 6) and are presented 
in Table 1. From the results, it is found that the theoreti-
cal qe (cal) values much with experimental qe (exp) values 
at all concentrations studied and a regression coeffi-
cient of above 0.99 shows that the adsorption system is 
a second-order, which implies that the adsorption of the 
Cochineal Red A dye onto synthesized materials is a chemical 
sorption rather than physical [38,39]. Similar results 
were reported in the literature with other adsorbents [40].

4.2.3. Sorption isotherm

The variation of the adsorbed dye quantity (qe) accord-
ing to the equilibrium concentration (Ce) is shown in 

Fig. 7. It follows that the equilibrium adsorption amount 
(qe) increases with the increase of dye concentration (Ce). 
This finding is consistent with bibliographic data [30,38].

The results showed that there is no difference in the 
sorption ability of these materials. The nature and con-
tent of bi- and trivalent metal ions in LDH influence the 
adsorption. Goswamee et al. [41] have found that the 
adsorption capacity of Cr2O7

2– in Mg–Al LDH with higher 
Al3+ content in the structure is higher than the product with 
lower Al3+ content. In the present study, the nature of biva-
lent metal ions influence the adsorption. As confirmed by 
XRD analysis, differences in the structural properties of 
each LDH were observed.

The adsorption capacity of the adsorbent has been 
tested using Freundlich and Temkin isotherms. These 
models have been widely used to describe the behavior of 
adsorbent–adsorbate couples. The obtained parameters for 
these models are summarized in Table 2.

The Freundlich isotherm is an empirical model relat-
ing to the adsorption intensity of the sorbent toward 
adsorbent. The isotherm is adopted to describe reversible 
adsorption and is not restricted to monolayer formation. 
The mathematical expression of the Freundlich model 
can be written as:

Q K Ce e
n=  	 (7)

According to the Freundlich isotherm model, ini-
tially amount of adsorbed compounds increases rapidly; 

Fig. 4. Effect of time and initial concentration in the adsorption of CR on (a) Ni–Fe, (b) Zn–Fe and (c) on the two samples at 70 mg/L.

Fig. 5. Pseudo-first-order kinetic for adsorption of CR on (a) Ni–Fe and (b) Zn–Fe.
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this increase slows down with increasing surface cover-
age. Eq. (11) can be linearized in logarithmic form and the 
Freundlich constants can be determined as follows [42]:

log log logQ K
n

Ce f e= +
1 	 (8)

where Ce is the equilibrium concentration of adsorbate 
(mg/L), n is the amount of solute adsorbed, Qe is the 
amount of dye adsorbed at equilibrium (mg/g) and Kf is 
Freundlich isotherm constant.

In testing the isotherm, the dye concentration used was 
10 to 70 mg/L, the adsorption data are plotted as logQe vs. 
logCe and should result in a straight line with slope “n” and 
intercept Kf. The intercept and the slope are indicators of 
adsorption capacity and adsorption intensity, respectively. 
The value of “n” in the range of 1 to 10 indicates favor-
able sorption. For Freundlich model, the n values were 
less than 1 (Table 2), indicating a low affinity between 
adsorbate and adsorbent.

The Temkin isotherm contains a factor that explicitly 
taking into the account of adsorbent–adsorbate interactions. 
By ignoring the extremely low and large value of concen-
trations, this model assumes that adsorption is character-
ized by a uniform distribution of binding energies between 
the molecules adsorbed and adsorbent. The linear form of 
this later is given by the equation:

Q B A B Ce T e= +ln ln 	 (9)

where AT is Temkin isotherm equilibrium bending constant 
(L/g) and B is constant related to heat of sorption (J/mol).

The constants were determined from the slope and inter-
cept of plot of the amount adsorbed Qe vs. lnCe (Fig. 8) and 
are presented in Table 2.

The constant BT which is related to heat of sorption (J/
mol) was estimated BT = 24.47 and 21.84 J/mol for Zn–Fe and 
Ni–Fe respectively, indicates that the adsorption process is 
endothermic.

From the coefficients correlations values (R2) obtained 
from the two sorption models, it was found that the dye 
adsorption on materials fitted the Temkin model better 
than the Freundlich model with high coefficient correla-
tion, which may be due to the uniform distribution of 
binding energies between the molecules adsorbed and 
adsorbent [43].

4.2.4. Temperature effect

Fig. 9 shows the effect of the temperature on the removal 
of dye by the synthesized materials. It can be seen that the 
sorption capacity increases with increasing temperature. 
This is due to the increase in the mobility of pollutants in 
aqueous solution which facilitates the pollutant adsorption 
on actives sites [44].

The constants of thermodynamics ΔG°, ΔH° and ΔS° are 
calculated using equation:

K
C C
C

V
md

i e

e

=
−

	 (10)

lnK S
R

H
RTd =

°
−

°∆ ∆ 	 (11)

Table 2
Temkin and Freundlich isotherm constants for the adsorption CR dye on Zn–Fe and Ni–Fe LDHs (T = 298 K)

Adsorbent Temkin isotherm constants Freundlich isotherm constants

AT (mg/g min) BT (g/mg) R2 Kf n R2

Ni–Fe 4.34 21.84 0.9955 29.27 0.86 0.9594
Zn–Fe 3.26 24.47 0.9970 24.82 0.77 0.9487

Table 1
Pseudo-first-order and pseudo-second-order kinetic parameters of Cochineal Red dye adsorption onto Ni–Fe and Zn–Fe LDHs at 
various initial dye concentration (T = 298 K)

Adsorbent Initial dye 
concentration 
(mg/L)

qe experimental 
(mg/g)

Pseudo-first-order Pseudo-second-order

k1 (min–1) qe calculated 
(mg/g)

R2 k2 
(g/mg min)

qe calculated 
(mg/g)

R2

Ni–Fe

10 6.06 0.02361 0.82 0.5156 0.19104 6.01 0.9994
30 18.39 0.08956 7.87 0.9008 0.02611 18.83 0.9990
50 30.64 0.07522 23.14 0.9691 0.00791 31.79 0.9982
70 42.77 0.09581 59.15 0.9396 0.00261 46.42 0.9917

Zn–Fe

10 6.01 0.03664 1.37 0.8176 0.12210 6.03 0.9997
30 18.34 0.04753 14.64 0.9584 0.00690 19.24 0.9881
50 30.55 0.06365 31.53 0.9029 0.00269 33.82 0.9850
70 42.69 0.05098 45.33 0. 9743 0.00160 47.34 0.9817
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where Ci is the initial concentration (mg/L), Ce is the equi-
librium concentration (mg/L), V is the volume (mL) and m 
is the mass of adsorbent (g), R (8.314  J/mol  K) is the ideal 
gas constant, and T (K) is the temperature in Kelvin. ΔH° 
is the enthalpy change and ΔS° is the entropy change in a 
given process. The values of enthalpy (ΔH°) and entropy 
(ΔS°) are calculated from the slope and y-intercept of the 
plot of lnKd vs. 1/T by application the equations [45].

Free energy changes (ΔG°) of adsorption are calculated 
from:

∆ ∆ ∆G H T S° ° °= − 	 (12)

As given in Table 3, the values of ΔH° for Ni–Fe and 
Zn–Fe are determined as respectively 25.38 and 46.83 
(kJ/mol).

The positives values of ΔH° confirm that the sorp-
tion process is endothermic in nature, which is different 
from the adsorption on alkali boiled Tilapia fish scales [8] 
where the adsorption of Cochineal Red A dye was exother-
mic. Also, the positives values of entropy may be due to 
the increase of randomness at the solid solution interface 
during the sorption. This implies some structural changes 

in sorbate and sorbent, which leads to an increase in the 
disorderness of the solid-solution system.

The negatives values of ΔG° indicate that adsorption 
is spontaneous. The values of ΔG° became more negatives 
with increasing temperature, showing that higher tem-
perature facilitated the sorption of dye on these materials.

4.2.5. Adsorbent dose effect

The result of effect of sorbent dosage on the adsorption 
of dye into the synthesized materials are shown in Fig. 10.

It can be seen that the removal efficiency increases 
with increasing sorbent dosage until 40 and 80  mg of 
Ni–Fe and Zn–Fe LDHs respectively, and the removal 
efficiency remains almost unchanged after these doses. 
This may be explained by the good dispersion of mate-
rials particles on Cochineal Red solutions, which facil-
itates the dye adsorption on a large number of actives 
sites. In contrast, the adsorption capacity decreases very 
quickly with increasing sorbent dosage and also remains 
almost constant after a sorbent dosage of 40 and 80  mg 
for Ni–Fe and Zn–Fe respectively. The large amount of 
adsorbent reduces the unsaturation of adsorption sites and 
the number of sites per unit mass decreases, resulting in 
low adsorption for large amounts of adsorbent [3,44,46].

It can be observed that the quantity adsorbed is higher 
on Ni–Fe than on Zn–Fe material, and this from 20 to 
60  mg of sorbent dosage. After this dose, the quantities 
of dye adsorbed on both materials are similar. This may 
be explained by the difference in the structure of mate-
rials as confirmed by XRD analysis and the content of 
trivalent metal ions in LDHs.

4.2.6. pH effect

The effect of solution pH on the removal of dye by the 
two synthesized materials is shown in Fig. 11. Based on the 
results, the dye adsorption on materials is practically constant 
at the pH range of 2–9.This indicates that LDH remove the 
anionic dye with the same efficiency in this range of pH val-
ues. When increasing the pH (10–11), a decrease was observed 
in the case of Zn–Fe, which has already been observed with 

Fig. 6. Pseudo-second-order kinetic for adsorption of CR on (a) Ni–Fe and (b) Zn–Fe.

 Fig. 7. CR sorption isotherms on the two samples.
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other adsorbents. This can be due to a decrease in the posi-
tive charge of the materials surface that can be neutralized 
by the excess of OH− ions present in the medium [47,48].

4.2.7. Regeneration of the sorbents

The Cochineal Red dye adsorption efficiency of pre-
pared materials was tested after two regeneration cycles. 
The first and second regenerations of Ni–Fe did not affect 
its dye adsorption capacity (19.8  g/mg). The same results 
were obtained for Zn–Fe (18.31  g/mg). This observation is 
very important for economic reasons and led to deduce 

that these adsorbents could be reused with the same  
efficiency.

5. Conclusion

The adsorption of Cochineal Red A on materials syn-
thesized by a co-precipitation method at pH variable has 
been investigated.

Our results show that the kinetic and sorption data fit-
ted well the second-order kinetic model and the Temkin 
model respectively with good values of determination coef-
ficient. This indicates that the adsorption is characterized 
by a uniform distribution of binding energies between the 
molecules adsorbed and adsorbents.

The removal of Cochineal Red dye reaches its maxi-
mum of 98.44% and 96.86% after 60  min and 80  min for 
Ni–Fe and Zn–Fe respectively with the use of the optimum 
masses of 40 and 100 mg for these respective materials.

The thermodynamic study indicates that the dye 
sorption on synthesized materials is endothermic and 
spontaneous process.

The influence of different adsorption conditions as ini-
tial dye concentration, temperature, adsorbent dosage, and 
contact time and pH solution on dye removal was investi-
gated for all materials.

The sorption was found to be a pH independent for Ni–
Fe LDH material, whereas, sorption increases with increas-
ing pH from 2 to 9 and decreases at high values of pH 
(from 9 to 11) for Zn–Fe LDH.

The sorbed amount depends on the nature and content of 
bi- and trivalent metal ions in LDH.

Table 3
Values of thermodynamic parameters for the adsorption of Cochineal Red dye onto Zn–Fe and Ni–Fe LDHs (Ci = 50 mg/L)

Adsorbent ΔH (kJ/mol) ΔS (J/mol K) ΔG (kJ/mol)

298 K 308 K 318 K 328 K

Ni–Fe LDH 25.38 178.64 –53.21 –54.99 –56.78 –58.57
Zn–Fe LDH 46.83 229.94 –68.47 –70.77 –73.07 –75.37

Fig. 8. Freundlich (a) and Temkin (b) plots for the sorption of CR by the two samples.

Fig. 9. Effect of temperature in the adsorption of CR on the two 
samples.
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The synthesized materials exhibited exceptional 
adsorption capacities indicating that these materials might 
be a potentially efficient materials for the removal of 
Cochineal Red dye from aqueous solutions.
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