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a b s t r a c t
Layered double hydroxides MgAl-CO3 synthesized by co-precipitation have been used to adsorb 
and degrade Congo red in aqueous solution. Prepared sample was characterized by scanning elec-
tron microscope, Fourier-transform infrared spectra, Brunauer–Emmett–Teller and point of zero 
charge. The adsorption system provided a value of 22.5 mg/g at natural pH (6.8). The kinetics analy-
sis and isotherms outcomes showed that the adsorption achieve equilibrium adsorption/desorption 
after 90 min. Which validates that pseudo-second-order is the most accurate fit model. Freundlich 
isotherm model describes the adsorption isotherms system with R2 = 0.98. While the photocatalytic 
degradation proved that the optimal elimination of Congo red was observed by adding H2O2 under 
UV light. The H2O2 added under UV light acts as the generator of OH•. The dissolved Fe3+ reacts 
with H2O2 to form a homogeneous Fenton like by producing OH•. The observed degradation decrease 
after adding Fe3+ is explained by the appearance of sludge during the reaction. The Influencing fac-
tors of the removal of Congo red have been tested by varying initial pH and H2O2 concentrations. 
The highest degradation was at natural pH (6.8) with C/C0 = 0.329. While the H2O2 concentration 
exhibits strong degradation with an amount of 3.3 mmol.
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1. Introduction

Since synthetic dyes are widely employed in many 
industrial processes such as textile, cosmetics, and other 
consumptions [1–4]. The most common dyes frequently 
found in the textile industry are azo with azo (–N=N–), –
SO3H, and hydroxyl OH, in which showed recalcitrant 
properties and difficult to eliminate them by classical pro-
cess due to the production of secondary pollutants [5]. The 
side effects of the usage cause serious problem for human 
health even at low concentration [6–10]. Besides this, dyes 
are known as toxic substances, harmful effects, skin irrita-
tion, and mutations. In addition, the dyes contain aromatic 

cycle causing toxicity and high hazard towards aquatic 
ecosystems [11–13].

To remove these dyes, different methods were used 
recently such as adsorption, membrane separation, photo-
chemical degradation, and adsorption [14]. Among these 
technics, adsorption and advanced oxidation process; due 
to the low-cost, simplicity, and high efficiency [15]. In this 
sense, using only adsorption and biological degradation is 
not sufficient to remove these dyes from wastewater [16]. 
However, the physical adsorption process that includes the 
transfer of the pollutant to the solid surface is considered 
less expensive and easily operated [17].
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Nowadays, advanced oxidation processes are an import-
ant technology methods for water treatment [18–24]. The iron 
and hydrogen peroxide have been widely treated as homo-
geneous Fenton over several years ago [16,25]. Regardless, 
of the simplicity and the effectiveness of lattice process, 
various problems are associated to it such as, strict acidic 
pH, considerable amount of ferric hydroxide, highly expen-
sive H2O2 and Fe salts [26–29]. Homogeneous and photo- 
Fenton like at natural pH is good alternative to overcome 
these shortfalls of conventional homogeneous Fenton pro-
cesses. Moreover, many researcher have been using homo-
geneous Fenton process at acidic conditions [30–34].

In addition, the Fenton like reaction is as follow [35–37]:

Fe H O Fe H HO2
3

2
2

2
� � � �� � � �  (I)

Fe H O Fe OH OH2
2

2
3� � ��� � � �  (II)

Layered double hydroxide (LDH) are inorganic and 
promising materials due to their low cost, easy preparation, 
high performance and layered structure [38–40]. In addi-
tion, it is known as hydrotalcite-type or anionic clays with 
two dimensional materials containing different elements in 
single structure. Many of scientific researchers have made 
LDH as the main target for their scientific experiments due 
to the presence of: di, trivalent, and anions intercalated in 
layered, given the possibility to retain different element. 
Layered double hydroxides is a material formed by diva-
lent and trivalent metal cation hydroxide layers [39–42]. The 
common case of di and trivalent cations is given by the gen-
eral chemical formula [M2+

1–xM3+
x(OH)2]x+(An–)x/n·yH2O where 

M2+(Mg2+, Co2+, Cu2+, Zn2+, etc) and M3+(Al3+, Fe3+, Cr3+, etc) 
are divalent and trivalent cations, x is M3+/(M2+ + M3+) and 
A refers to the interlayer anions (CO3

2–, NO3
–, Cl–, SO4

2–, etc) 
[40,41]. Layered double hydroxides have been widely stud-
ied as adsorbents for the removal of micropollutants due 
to their simple intercalation and modification techniques 
[43]. LDHs have been used for the adsorption of anionic 
dyes [44], pharmaceutical compound [45], heavy metals 
[46] and other pollutants. Synergically, the effectiveness 
of adsorption and photocatalytic degradation have been 
widely examined, Atout et al. [16] have provided TiO2 on the 
activated carbon to remove methylene blue.

This paper mainly highlighted the preparation of low-
cost MgAl-CO3 by co-precipitation method and calcined at 
500°C. This material was selected to overcome the inconve-
nience caused by acidic pH. The MgAl-CO3 prepared was 
used for studying the performance of adsorption and pho-
tocatalytic degradation by adding hydrogen peroxide at 
natural pH. The mechanism of the removal of Congo red 
was determined by scanning electron microscope (SEM), 
Fourier-transform infrared spectroscopy (FTIR), Brunauer–
Emmett–Teller (BET), and point of zero charge (PZC). Then, 
the photocatalytic degradation confirms that the degrada-
tion is high at naturel pH to exploit the MgO formed after 
calcination. However, most of the previous studies usually 
use acidic pH to improve the photocatalytic degradation. 
Finally, this paper provides low cost LDH for high photocat-
alytic degradation and adsorption at natural pH.

2. Chemicals and methods

Sodium hydroxide (NaOH, 96%, Sigma-Aldrich, Germany), 
sodium carbonate (Na2CO3, 99.8%), aluminum chloride 
(AlCl3·9H2O, 96%), magnesium chloride (MgCl2·9H2O, 98%), 
hydrochloric acid (HCl, 36%–38%), ferric chloride (FeCl3·6H2O, 
98%, Sigma-Aldrich, Germany), hydrogen peroxide (H2O2, 
30%). Congo red was used as the target pollutant.

2.1. Preparation of MgAl-CO3

Layered double hydroxides (MgAl-CO3) prepared by 
co-precipitation method. This method requires the prepa-
ration of two solutions, the first one includes divalent and 
trivalent salts MgCl2·6H2O and AlCl3·9H2O. The second 
solution contains NaOH and Na2CO3 in order to intercalate 
LDH layers by the two anions CO3

2– and OH–. The prepa-
ration was carried out in basic medium to have the precip-
itation of the metal hydroxides of MgO and Al(OH)3 with 
ratio of M2+/M3+ = 1 in order to have good crystallization of 
LDH. The synthesis was as following: in two separated bea-
kers of 400 mL, a solution of MgCl2·6H2O and AlCl3·9H2O 
were mixed with 0.33 mol for each salt. The second solution 
contains 2 moles of NaOH and 1 mole of Na2CO3. Then the 
two mixtures were added dropwise at pH = 10 for 4 h to 
form the layered double hydroxides under vigorous stirring 
in order to ensure the crystallization of the precipitate. The 
mixture kept stirring in water bath at 60°C for 24 h. Finally, 
the resulting product was washed several times with dis-
tilled water to remove the ions of sodium and chloride and 
then dried at 60° for 24 h. The dried solid was calcined at 
500°C under air for 5 h.

2.2. Characterization

The morphology of MgAl-CO3 was achieved by SEM 
(NeoScope JCM-5000, Japan). The crystallographic phases 
were obtained by X-ray diffraction with a Siemens D5000 
Diffractometer with Bragg-Brentano (BB) Geometry and 
vertical 2-Theta goniometer at 80 kV using CuKα radiation. 
FTIR spectra were analyzed on a WQ500 spectrophotometer 
(Marque, Algeria) in the range of 4,500–600 cm–1).

The adsorption/desorption analysis was performed using 
Micromeritics’ Gemini VII (USA) surface area and porosity. 
The sample was analyzed at –196°C. Prior to analysis, the 
MgAl-CO3 sample was degassed in vacuum at 120°C for 
24 h. The calculation of specific surface area was performed 
by BET at P/P0 = 0.05–0.35.

The point of zero charge was obtained by pH drift 
method. A different pH (2–12) adjusted by HCl (0.1 mol) or 
NaOH (0.1 mol) for each point using 25 mg of MgAl-CO3 
and 25 mL of distilled water. Then, the suspension were 
kept under stirring for 24 h in order to measure the final 
pH, and plotted vs. initial pH. The point of zero charge was 
obtained by the value of pHinitial = pHfinal.

2.3. Adsorption and photocatalysis measurement

The adsorption experiments were performed using batch 
method. First, a solution of Congo red was prepared and 
added in 50 mL of conical beakers with 25 mL dye solutions 
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and concentration of 25 mg/L of Congo red and mass solid 
of 25 mg. A given contact time was chosen 0–180 min at 
room temperature. 4 mL of suspension was centrifuged and 
analyzed with UV-Visible spectrophotometer at 498 nm. 
The adsorption capacity was calculated by Eq. (1) [47]:

Q
C VC
m

�
�� �0  (1)

where C0 and C are the initial and final concentration of 
Congo red. V and m are volume of the solution and mass of 
the solid, respectively.

Then, the kinetic adsorption was determined by choos-
ing three different concentrations of Congo red – 12.5, 25, 
and 50 mg/L. All the experiments were carried out as fol-
lows: 25 mL of dye solution and 25 mg of solid were mixed 
together for each concentration at given interval times. 
The kinetic adsorption was calculated using Eq. (2) [16]:

Q
C VC
mt

t�
�� �0  (2)

where Qt and Ct are the adsorption capacity and concen-
tration of the solution at any time t. Each test of adsorption 
was repeated at least twice.

Kinetic models were carried out by using the pseu-
do-first-order and the pseudo-second-order. The pseu-
do-first-order is reported in Eq. (3) [48]:

ln lnQ Q Q k te t e�� � � � 1  (3)

where Qe and Qt are respectively adsorption capacity at equi-
librium (mg/g) and at time t (mg/g), k1 is the rate constant 
of pseudo-first-order equation (1/h). However, the pseudo- 
second-order model equation is given by Niu et al. [49]:

t
Q k Q Q

t
t e e

�
�

�
1 1

2
2  (4)

where k2 is the rate constant of pseudo-second-order 
(g/mg·min).

Transport of Congo red through a boundary layer and 
from surface into pores of MgAl-CO3 are measured by intra-
particle diffusion model [50]. Moreover, the intraparticle 
diffusion is the rate-determining factor according to Weber 
and Morris. Where, the CR adsorption were varied with the 
square root of time t1/2. Kd is the coefficient of intraparticle 
diffusion (mg/g·min1/2), and C is thickness layer diffusion 
(mg/g).

In addition, the adsorption isotherms explain the inter-
action between adsorbent and adsorbate in equilibrium 
adsorption. The adsorption equilibrium was determined 
at constant temperature by varying initial concentration of 
Congo red from 10 to 200 mg/L with V = 25 mL of volume 
and m = 25 mg of mass of adsorbent.

In this sense, Langmuir and Freundlich isotherms were 
used as two models, which frequently found in the liter-
ature at a constant temperature. The adsorption capacity 
equilibrium conditions is given by He et al. [51]:

Q
C C V
me

e�
�� �0  (5)

where Ce is the concentration of the solution at equilibrium.
Langmuir and Freundlich isotherms are the most fre-

quently models used in the literature describing the linear 
fit between the adsorbent and adsorbate. The Langmuir iso-
therm is based on the existing of monolayer on the surface 
and all sorption sites are identical. This model is given by:

Q
Q K C
K Ce

m L e

L e

�
�1

 (6)

where KL is the Langmuir constant (L/mg) and Qm is the 
maximum capacity (mg/g). The linear transformed equation 
is written as follows:

C
Q

C
Q K Q

e

e

e

m L m

� �
�
1  (7)

The Freundlich isotherm is the exponential distribu-
tion of active centers and characteristic of heterogeneous 
surfaces and assumes heterogeneous sites energies with 
unlimited levels of sorption. The equation of Freundlich 
is given by:

Q K Ce F e

n
� � �1/  (8)

where KF and 1/n are respectively constant of Freundlich 
and sorption intensity.

The linear transformed equation is written as follows:

ln ln lnQ K
n

Ce F e� �
1  (9)

The experimental data were also analyzed by Dubinin–
Radushkevich model in which is described by Mate 
and Mishra [52]:

q q ee m
KD R� � � �2

 (10)

The linear transformed equation is written by:

ln lnq q Ke m D R� � � �
2  (11)

where K is the constant of the adsorption energy (mol2/
J2) and ε is the adsorption potential given by Polanyi’s for-
mula [53], where T is the temperature (K) and R is the 
ideal gas constant (8.314 J/mol·K).

� � �
�

�
��

�

�
��RT

Ce
ln 1 1  (12)

Homogeneous photo-Fenton like were performed as 
follows: a volume of 100 mL Congo red, with initial con-
centration of 25 mg/L and at natural pH was added into a 
cylindrical shape reactor of 100 mL in front of an ultravio-
let lamp worked at 24 W with 365 nm of wavelength. The 
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distance between the lamp and the reactor is 15 mm. Congo 
red was used as a model of pollutant in this study due to 
its presence in wastewaters [54]. Then, 100 mg of MgAl-CO3 
were dispersed in 50 mL of Congo red solution. The sus-
pension was stirred in the dark conditions to ensure the 
adsorption/desorption equilibrium. After 90 min, a certain 
amount of peroxide hydrogen was added to the mixture in 
order to ensure the mineralization of Congo red. To com-
plete the reaction of photo-Fenton like, 0.001 mol of Fe3+ were 
added to the solution. At given time intervals, the concen-
trations of Congo red were centrifuged and analyzed using 
UV-Visible spectrophotometer (Shimadzu UV-1700, Japan) 
by determining the absorbance at 498 nm.

2.4. Performance evaluation for operating parameters

The effect of initial pH plays a key role in the reaction 
of heterogeneous photo-Fenton like. The experiments were 
carried out under UV light at different pH from 4 to 12. To 
vary the initial pH, HCl and NaOH were used for acid and 
basic aqueous solution, respectively. The other experimen-
tal conditions were as the following: V = 50 mL, m = 100 mg 
and C0 = 25 mg/L.

Since the H2O2 is a source of hydroxyl radicals, in which 
can play an important effect in catalytic degradation. First, 
a predetermined quantity of H2O2 was added to 100 mL 
of 25 mg/L of Congo red solution, as the following reaction:

C H N Na O S H O CO H O
HNO H SO NaNO

32 22 6 2 6 2 2

2

2 2

3 4 3

91 32 98
4 2 2
� � �

� � �  (III)

The pH solution was kept at natural value 6.8. Secondly, 
the photocatalytic degradation was performed by turning 
on the UV light. Different concentration of H2O2 were used 
as: 2, 3.3, 4 and 7 mmol/L, and 3 mL of suspension was 
withdrawn at different interval time and filtered through 
centrifugation to further analyze it by UV-Visible.

3. Results and discussion

3.1. Characterization

The SEM images of MgAl-CO3 are shown in Fig. 1, 
where the surface of MgAl-CO3 is rigorous in high and low 

magnifications. In addition, micro-sized agglomerations are 
observed by higher contrasts and the particles are irregu-
lar in shape. Moreover, comparable results found by Wang 
et al. [55] using double lamellar hydroxides MgAlFe for 
methylene blue adsorption.

Fig. 2 presents X-ray diffraction of as prepared MgAl-CO3. 
The sample reveals peaks that can assigned to the 2θ angle 
23.4°, 34.8°, 39.5°, 45.5°, 60.8° and 62.3° corresponding to 
planes of 006°, 012°, 015°, 200°, 110° and 113°. It is clear that 
the peak of MgO is clear at 45.5° which can play the role 
of semiconductor during the degradation of Congo red.

Fig. 3 shows the results of FTIR. The MgAl-CO3 material 
was measured over a wavelength range of 4500–600 cm–1. 
Two characteristic bands are observed around 3670 and 
3400 cm–1 correspond respectively to the elongation bonds 
of carbonate ions and to hydroxyl groups –OH. The absorp-
tion bands around 2980 and 2910 cm–1 are related to the elon-
gations of inter-lamellar carbonates. The band of 1620 cm–1 
is attributed to the OH bending vibration of water [7]. The 
1380 cm–1 band exhibits the asymmetric stretching vibration 
of C‒O [7]. The bands smaller than 1000 cm–1 correspond 
to the M‒OH and O‒M‒O bonds with M = Mg, Al [55].

 

 
Fig. 1. Scanning electron microscope at high and low magnification of MgAl-CO3.
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Fig. 2. X-ray diffraction of MgAl-CO3.
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The specific surface area of MgAl-CO3 is 41.90 m2/g. 
During the calcination, water and carbon dioxide were 
removed to favorite the adsorption of Congo red and facil-
itate the photocatalytic degradation due to the near mole-
cules of pollutant [16].

The point of zero charge of MgAl-CO3 is around 8.81 
(Fig. 4). This lattice value indicates that the high adsorp-
tion would be below 8.81, in which in agreement with the 
results of pH effect. In addition, for Congo red adsorption 
at pH > pHPZC the electrostatic attraction is between the pos-
itively charged MgAl-CO3 and negatively charged Congo 
red [56]. Whereas, electrostatic repulsion was between the 
negatively charged MgAl-CO3 and positively charged Congo 
red. The highest photocatalytic degradation was clear at 
pH = 6.8 with C/C0 = 0.329 as observed in Fig. 10.

5.2. Adsorption and photocatalysis

The adsorption test of Congo red was performed using 
function of time to determine the adsorption capacity. 
This step is important to find the maximum adsorption 

where adsorption–desorption equilibrium time is known. 
According to Fig. 5, the MgAl-CO3 material exhibits a great 
adsorption of Congo red due to the negative charge of the 
dye by facilitating ion exchange between this dye and the 
ions of the inter-lamellar space. Furthermore, for concen-
trations 10, 25 and 50 mg/L, the adsorption is very fast from 
the first minutes and the equilibrium is reached after 90 min 
and the adsorption capacity reaches respectively 8, 22 and 
45 mg/g. In this case, increasing concentration suggests an 
increase in adsorption capacity.

Additionally, it is clear that the equilibrium time for 
this material is estimated to be approximately 90 min. After 
that interval of time, there is an adsorption–desorption 
equilibrium between the adsorbent and the adsorbate.

Fig. 6a and b show pseudo-first-order and pseudo- 
second-order [48,49].

The low correlation of adsorption capacity of pseu-
do-first-order is clear with R2 = 0.24, 0.86, and 0.8 for each 
initial concentration 10, 25 and 50 mg/L, respectively. This 
confirms that the pseudo-first-order model is not suitable for 
the description of the adsorption kinetics of the experimen-
tal results. However, the pseudo-second-order model shows 
better results with R2 = 0.766, 0.186 and 0.888 for 10, 25 and 
50 mg/L, respectively. In this case, the optimal fit model is 
pseudo-second-order that describes our experimental data.

The intraparticle diffusion curve showed two linear parts 
attributed respectively to the diffusion in macropores dif-
fusion between Congo red and MgAl-CO3 (Fig. 6c). While 
the second-step was attributed micropores. In addition, the 
results present that the curve Qt vs. f(t1/2) do not across the 
origin and consequently the intraparticle diffusion is not 
the limiting step [14]. This means that the boundary layer 
diffusion and the intraparticle diffusion are involved in 
the adsorption.

The isotherm spectra of MgAl-CO3 shows that when the 
equilibrium concentration of Congo red increases (Fig. 7a), 
the adsorption capacity increases to reach saturation of all 
sites on the surface of the adsorbents. The isotherm exhibits 
similarities to the L-type according to the Gill classification, 
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CO3
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Fig. 3. Fourier-transform infrared spectra of MgAl-CO3.
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Fig. 4. Final pH as a function of initial pH to determine the 
point of zero charge.
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Fig. 5. Adsorption kinetics of MgAl-CO3.
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which means a concavity turned downwards which indi-
cates a decrease in free sites as the adsorption progresses 
and indicates. This phenomenon occurs when the forces of 
attraction between the adsorbed molecules are weak. It is 
often observed when molecules are adsorbed flat, that their 
lateral attraction is minimized. It can also appear when the 
molecules are adsorbed vertically and when the adsorption 
competition between the solvent and the solute is weak.

The modeling of adsorption isotherms were performed 
to understand the mechanism of adsorption, in which dis-
played for Congo red adsorption onto MgAl-CO3. The plots 
and the fitting model using determined efficiency R2 for the 
Langmuir and Freundlich models (Fig. 7b and c). It is clear 
that the isotherm followed the Freundlich model, with the 
highest value R2 = 0.995, followed by the Langmuir model, 
R2 = 0.952 (Table 1). The Freundlich isotherm defines the 
surface heterogeneity and the exponential distribution of 
active sites and their energies.

The value of adsorption energy was calculated using 
linear Dubinin–Radushkevich isotherm shown in Fig. 7d, 

with E = 1/(2KD-R)0.5 in which confirms that the mechanism of 
the adsorption is physisorption with E = 0.00378 J/mol.

Fig. 8a shows the reactions of degradation type 
(MgAl-CO3/H2O2/UV) at natural pH. Indeed, the photoly-
sis reaction has no catalytic efficiency. While, after adding 
H2O2 with the MgAl-CO3 catalyst in the dark, Congo red 
was degraded with C/C0 = 0.458 (R = 54.2%). Significant deg-
radation was observed when using UV light at natural pH, 
this degradation up to C/C0 = 0.329 (R = 67.1%). This degra-
dation is mainly due to the decomposition of H2O2 by ultra-
violet irradiation [57], on the other hand it could be due to 
the formation of MgO during calcination. In this case, the 
latter compound plays a role of the semiconductor. Finally, 
for the reaction of photo-Fenton like by adding Fe3+ (liquid 
iron) according to reactions (IV)–(IX) [18,21,23]. This catalytic 
degradation is less efficient than the previous one (with C/
C0 = 0.407 with efficient of 59.3%). Usually, this disadvantage 
can be related to the appearance of sludge during the reac-
tion, this sludge will prevent the Fenton reaction. Even at 
acidic pH (pH = 3) the formation of sludge is still laid.
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Fig. 6. Kinetic modeling of pseudo-first-order (a), pseudo-second-order (b), and intraparticle diffusion (c).
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The kinetics of degradation by different reactions were 
performed using the first-order model described in the fol-
lowing equation: lnC/C0 = kappt (Fig. 9) where kapp is the appar-
ent rate constant of the first-order reaction (min–1), C0 is the 
initial concentration and C is the meaning concentration at 
a given time. As shown in Table 2, the apparent constant of 
photocatalytic activity of Congo red were determined from 
the kapp in which was higher in the case of MgAl-CO3/H2O2/
UV compared to the degradation with kapp = 0.0028 min–1. 
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Fig. 7. Adsorption isotherm of MgAl-CO3 (a), Langmuir isotherm, (b) Freundlich isotherm (c), and Dubinin–Radushkevich model (d).

Table 1
Isotherm constants and correlation coefficients of MgAl-CO3

Sample Langmuir Freundlich Dubinin–Radushkevich

KL Qm (mg/g) R2 KF n R2 Qm (mg/g) E R2

MgAl-CO3 6.44 8.06 0.95 6.44 1.88 0.99 11.95 0.00378 0.662
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However, the kapp of MgAl-CO3/H2O2 has a value of 
0.00216 min–1.

3.3. Performance evaluation for operating parameters

The effect of initial pH on Congo red degradation is 
depicted in Fig. 9. The photocatalytic degradation was 
recorded with pH acid, natural and basic. It can be seen that 
the highest degradation is at natural pH with C/C0 = 0.329. 
However, at acidic and basic mediums, lower degradation 
observed and reaches C/C0 = 0.355 and 0.410, respectively.

Fig. 10 shows the effect of H2O2 on the degradation of 
Congo red by MgAl-CO3. When the peroxide hydrogen was 
increased from 3.3 to 7 mmol/L, the degradation efficiency 
decreased from C/C0 = 0.329–0.470. The higher concentra-
tion of hydroxyl radicals (–OH•) in the solution exhibits 
scavenging of OH• by the excess of H2O2 in which gen-
erates les reactive species such as HOO• [57].

4. Conclusion

The LDH prepared by co-precipitation method was 
used for adsorption and photocatalytic degradation. In this 
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Fig. 8. Photocatalytic degradation efficiency of Congo red under 
UV light (a) and variation of ln(C0/C) vs. irradiation time (b).
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Fig. 9. Effect of initial pH on the photocatalytic degradation 
after equilibrium time for the reaction of MgAl-CO3/H2O2/UV.

0 30 60 90 120 150 180 210 240 270 300

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

1,1

[H2O2] (mmol/l)

 3,3 

 2

 4

 7

C
/C

0

t (min)

Fig. 10. Initial concentration of H2O2 using the reaction of 
MgAl-CO3/H2O2/UV.

Table 2
Apparent first-order rate constants (kapp) for the photodegra-
dation of Congo red

Photocatalyst kapp (min–1)·10–3

Congo red 1.06
MgAl-CO3 1.93
MgAl-CO3/H2O2 2.16
MgAl-CO3/H2O2/UV 2.80
MgAl-CO3/UV/Fe 2.77
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work, we proved that MgAl-CO3 presented an adsorption 
of 22.5 mg/g, this adsorption is due to the surface area of 
MgAl-CO3. The physico-chemical characterizations revealed 
the SEM images of LDH in which were rigorous in high 
and low magnification. The point of zero charge is around 
8.81, that means Congo red might have a good adsorption 
and degradation.

The kinetic adsorption results showed that adsorption 
was very fast even with high concentration and the equi-
librium time was estimated to approximately 90 min for 
the initial concentration of 25 mg/L. Then the kinetic mod-
eling system confirmed that the pseudo-second-order was 
suitable for this adsorption and describes our experimental 
data. In addition, the isotherm modeling results presented 
that Langmuir model was the most accurate fit model with 
R2 = 0.982 compared to the Freundlich model (R2 = 0.92).

Moreover, the photocatalytic degradation gave a sig-
nificant elimination when using H2O2 under UV light and 
at natural pH, this degradation up to C/C0 = 0.329. The sig-
nificant results are mainly related to the generating OH• 
and also to the formation of MgO during the calcination 
phase which plays the role of semiconductor. The highest 
degradation in the case of effect of pH was at natural pH 
with C/C0 = 0.329. However, at acidic and basic mediums, 
lower degradation observed and reaches C/C0 = 0.355 and 
0.410, respectively. The variation of H2O2 allows the higher 
concentration of hydroxyl radicals (‒OH•) in the solution 
exhibits scavenging of OH• by the excess of H2O2 in which 
generates less reactive species such as HOO•.
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