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Abstract  

The present study concerns the synthesis and optimization of layered double hydroxide and their derivatives 
containing two transition metals, namely iron and copper, which have an important effect in heterogeneous 
Fenton oxidation by a classical method of a co-precipitation followed by a calcination. The use of experimental 
design of mixture is to optimize the LDH ratio component. The material was characterized by different methods 
such as, XRD, SEM, IR, Particles size distribution and UV-DRS. The degradation of the synthetic dye patent 
blue v was investigated by studying the different effects of parameters such as pH, dye initial concentration, 
H2O2 dose and photocatalyst loading. The catalytic reaction showed a good performance of oxidation of the 
dye in a wide range of pH particularly in natural pH. The catalyst kept its activity after several uses, 
demonstrating its stability and its promising long-term application in the treatment of wastewaters. 

Keywords: heterogeneous Fenton-like; layered double hydroxide; degradation; synthetic dye; catalyst stability. 

 

I. Introduction  

In recent decades, the pollution of the aquatic 
environment by the massive presence of persistent 
synthetic dye in industrial wastewater effluents is a 
serious environmental problem. Contamination of 
groundwater or surface water with these products can 
be of significant threats to water resources and public 
health. More than 700000 tons of approximately 
10000 types of dyes and pigments are produced in the 
word per year. About 20% from this amount is 
transported by the industrial effluents [1] into the 
environment mainly as a result of inefficient dyeing 
processes [2]. 

Blue Patent is an acidic dye commonly used for a 
wide range of applications in cosmetics, textiles, 
detergents and also as a food additive [1]. In Algeria, 
BPv is authorized as a food colouring substance 
(E133) with a quantitative limit of (50-500) mg.kg-1 
[3]. In Europe, the BP dye also known as Blue Acid 3 

is authorized under the code of E133 in the food 
industry with a concentration not exceeding 15 mg 
kg-1, whereas for cosmetics there is no limiting 
amount. Unlike Europe PB is not authorized for usage 
in food in USA, Australia, Canada, Japan, and New 
Zealand [4].  

Several physical, chemical and biological processes 
have been developed to eliminate or destroy these 
pollutants, such as conventional processes, 
coagulation and flocculation, adsorption, biological 
treatment, membrane separation, etc. However, many 
types of serious toxic pollutants such as BPv are 
resistant to such treatment processes and the rate of 
degradation is very low [5]. Also the adsorption 
processes are sufficient to transfer the form of the 
pollutant from the water to the solid state without any 
destruction [6]. 

Advanced oxidation processes (AOPs) may be the 
efficient way for the treatment of industrial 
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wastewaters. They are based on the generation of the 
most powerful oxidant, the hydroxide radical [7]. The 
highly efficient reaction offers a cost-effective source 
of hydroxyl radicals, easy to use and to maintain. The 
Fenton oxidation of organic compounds in water is 
one of the most well known reactions among 
oxidation reactions catalyzed by metal [8]. The main 
disadvantage of this process is the fact that soluble 
iron, added as a catalyst, cannot be reused in the 
process and may cause additional water pollution. 
Undesirable iron sludge is generated, which requires 
an appropriate treatment and disposal [9]. To avoid 
the precipitation of dissolved iron, heterogeneous 
systems have been prepared which use iron-based 
catalysts, or other transition metals such as Cu, Ag, 
Zn, etc.  

In this work, synthetic clay called layered double 
hydroxide or hydrotalcite-like, was used as a 
heterogeneous photocatalyst. This material contains 
two transition metals iron and copper and its 
derivatives are obtained by calcination in the electric 
muffle. The optimum composition ratio of this LDH 
was determined by an experimental design mixture.  

II. Experimental  

II.1 Materials 

Blue Patent v abbreviated as   BPv with the formulae 
(C27H31N2NaO7S2) was purchased from Panreac 
with purity > 98% w/w. The aqueous solution of BPv 
was prepared by dissolving a 50 mg in 1000 ml of 
deionised water under stirring for sufficient time at 
room temperature; the solution was stored in dark. 
The used chemical reagents:  MgCl2·6H2O (purity > 
99%), CuCl2·2H2O (purity > 99%), FeCl3·6H2O 
(purity > 97%), Na2CO3, NaOH and HCl were all of 
analytical grade and were purchased from Panreac. 
They were also dissolved in the deionised water. 

II.2 Catalyst preparation 

An experimental design is a statistical approach that 
minimizes the number of tests to obtain reliable 
results that reflect the actual variation of the studied 
phenomenon according to its various parameters. 
Among the experimental designs used, the mixture 
scheme applied for this study aims to translate the 
variation of a response as a function of the 
constituents of the mixture by the relation Y = f (Xi) 
with ∑Xi = 1 and i varies between 1 and k (k is the 
total number of factors). 

MgCuFe-CO3 LDH synthetic clay was prepared by a 
co-precipitation method widely described in the 
literature [10-12]. Aqueous solutions of metal 
chloride were dissolved in 250 ml of deionised water 
and precipitated dropwise over 2 hours with the 
solution of Na2CO3 0.5M and NaOH 1M, with 
different Mg2+:Cu2+:Fe3+ molar ratio and the total 
molar cations amount nMg + nCu + nFe = 1 mol. The 
obtained solids were denoted respectively Mi, i=1 to 
7 as shown in the following table:  

Table.1 matrix ratio component 
Matrix/composition Mg2+ Cu2+ Fe3+ 

M1 0.45 0.1 0.45 

M2 0.45 0.45 0.1 

M3 0.1 0.8 0.1 

M4 0.33 0.33 0.33 

M5 0.8 0.1 0.1 

M6 0.1 0.1 0.8 
M7 0.1 0.45 0.45 

 

During the synthesis, the pH and temperature were 
maintained constant at 10 and 60°C, respectively. The 
preparation took place at room temperature under 
vigorous stirring. The obtained gel was separated by 
centrifugation, washed with deionised water and then 
dried in the oven (80°C) for a further hour before the 
solid grinding. To synthesise  calcined LDH, a 
thermal treatment in an electric muffle furnace at 
500°C for 2 hours was applied under air flow and the 
obtained product was denoted MxC500 with x taking 
a number from 1 to 7.  

II.3 Application of the experimental design of 
mixture for optimizing the layered double 
hydroxide 

The mixture experimental design is a technique to 
determine the relationship between dependent 
(response) and independent variables as well as to 
optimize the relevant processes. Considering Y as a 
response, x1, x2 and x3 as the independent variables, 
the response modeling is performed using regression 
techniques that relate Y to a set of Xi’ s factors i.e. 
𝑌𝑌 = 𝑓𝑓(𝑥𝑥1, 𝑥𝑥2, 𝑥𝑥3, … … 𝑥𝑥𝑛𝑛).  

In the present study, three factors were involved in a 
second-order polynomial model which can be  
regarded as a good approximation of the interaction 
and the effects of these variables on the phenomenon 
studied. The surface response model of the second 
degree can be written as follows [13]:      
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𝑌𝑌 = ∑𝑎𝑎𝑖𝑖 𝑥𝑥𝑖𝑖 + ∑𝑎𝑎𝑖𝑖𝑖𝑖 𝑥𝑥𝑖𝑖𝑥𝑥𝑖𝑖 + 𝜀𝜀                            
(1)
      
                   Eq. (2)  
Where Y is the response variable (% removal ratio of 
pollutant by adsorption and heterogeneous Fenton-
like process) to be modelled, xi and xj are the 
independent variables (the ratio of LDH compositions 
% Mg, % Cu and % Fe), a0, ai, aij are regression 
coefficients and 𝜀𝜀 is the error. 

The second degree model for mixture of three factors 
is written as follows: 

𝑌𝑌 = 𝑏𝑏1 𝑥𝑥1 + 𝑏𝑏2 𝑥𝑥2 + 𝑏𝑏3 𝑥𝑥3 + 𝑏𝑏12𝑥𝑥1𝑥𝑥2 + 𝑏𝑏13𝑥𝑥1𝑥𝑥3 +
𝑏𝑏23𝑥𝑥2𝑥𝑥3                                                                   (2)              

The obtained model should be validated by ANOVA 
(analysis of variance) which is used to test the 
adequacy and the significance of each term in the 
equation (linear and interaction terms) and the 
goodness of fit of the regression model obtained by 
the determination of Rsquare and Rsquare adjusted [13]. 
These models use the response surface plots that give 
information about the main effects and interactions 
between variables and also their contributions to the 
response [14]. The results analysis was performed 
with statistical and graphical analysis software 
(JMPPRO) which was used to determine the 
coefficients of regression equation which leads to 
estimate the optimum points.  

II.4 Experimental procedure  

Photocatalytic experiments were carried out in a 
cylindrical batch reactor which had a luminous source 
(an HPK 125 W Philips ultraviolet lamp with a 
wavelength maximum of 365 nm), placed in vertical 
position. The reactor was stirred continuously by a 
magnetic stirrer. 

Photocatalytic degradation experiments were carried 
out by loading 250 mL of dye solutions in the 
photocatalytic reactor, then the pH was adjusted by 
addition of drops of NaOH (0.1and 1M) or HCl (0.1 
and 1M).  The required amount of photocatalyst and 
a certain quantity of H2O2 were added. All 
photocatalytic experiments were carried out after 
three hours of adsorption in the dark. The stability 
tests were determined by the reused catalyst which 
was collected and regenerated by washing with water 
and methanol then dried in the oven. 

The dye aqueous solutions of BPv were filtered by 
use of a Millipore membrane filter, type 0.45 nm, and 
the concentrations were determined from the UV-vis 
absorbance characteristic by exploitation of the 
calibration curve. A Perkin Elmer spectrophotometer 
was used. The maximum absorption wavelength 
(λmax) was 637 nm. The ratio quantity of dye 
elimination was calculated by measuring the 
concentration of the solution before and after 
adsorption and photocatalyse, using the following 
equation: 

𝐶𝐶𝑜𝑜−𝐶𝐶𝑓𝑓
𝐶𝐶𝑜𝑜

 𝑋𝑋 100                                                  Eq. (3)                                                                                                          

Where C0 and Cf are the initial and final (after 
adsorption or photocatalyse reactions) dye 
concentrations, respectively. 

The effects of different parameters such as the initial 
the pH, the concentration of catalyst, the amount of 
oxidant, and the initial concentration of dye, were 
considered. 

II.5 Catalysts characterization: 

The materials were characterized by several 
techniques such as: FTIR, XRD, TG-DTA, particle 
size distribution, and finally by UV-DRS where the 
band gap E(eV) was calculated according to the 
following relationship:  

𝐸𝐸 = ℎ𝐶𝐶/𝜆𝜆                                                          Eq. 
4
      
    Eq. (5) 

Where h is blank constant = 6.626.10-34 J.s, C (speed 
of light) = 3.108 ms-1, and λ is cut off wavelength 
(nm). 

III. Results and discussion  

III.1 Determination of the optimal layered double 
hydroxide composition  

The response surface methodology (RSM) was used 
to determine the optimal metal composition of the 
LDH based on the responses (% removal rate by 
adsorption and photocatalysis). The obtained results 
are shown in Table 2. 
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Table.2 Removal rate for all matrices by adsorption and 
photocatalysis. 
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* R.R.A: removal rate by adsorption.  

* R.R.P: removal rate by photocatalysis.  

* R.R.T: total removal rate. 

These results can be used to identify the LDHs which 
give the highest values of pollutant removal rate to be 
studied by the two processes, adsorption and 
photocatalysis (heterogeneous Fenton-like). The 
transition metals that build the LDH sheets, and the 
oxides formed from these metals after calcination 
have a very significant effect on the phenomenon of 
adsorption and photocatalysis, in this case the 
statistical analysis and the validation of the models 
make it possible to study the percentage effect of the 
Mg2+, Cu2+ and Fe3+ elements between them as well 
as their contribution in the optimization of the 
systems (adsorption and photocatalysis). 

 

 

Figure.1 triangular graphic representation of surface response for: 
(a) NCLDH, (b) LDHC500 

The optimum points can be extracted were: 

Mg0.54-Cu0.1-Fe0.36-LDH-NC 
Mg0.465-Cu0.1-Fe0.435-LDH-C500 
 

III.2 Thermogravimetric analysis  
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Figure.2 TGA and TDA of LDHopt and LDHC500opt 

Figure 2 shows the thermal behaviour of the two 
materials LDHopt and LDHC500opt analysed with TG 
and TDA. The significant recorded lost weight for the 
LDHopt (39% in total) in comparison with the 
LDHC500opt (12% in total) can be seen. That is clear, 
because it is known that the calcination at 500°C led 
to the elimination of the major parts of water 
molecules physi-sorbed and the interlayer water, and 
caused also the decomposition of the layers, so LDHs 
lost their typical structure and became oxide metals 
[15].  Three distinct mass loss consecutive steps were 
observed for LDHopt sample and two endothermic 
peaks described by TDA curves appeared at 210 and 
376°C, the first one corresponding to the removal of 
crystallized water and the physi-sorbed water (16%) 
[16, 17] and the second one ranging from 210 to 376 
°C were related to the elimination of the interlayer 
water (15%) [18]. The third observed stage above  
376°C was attributed to the minimum weight loss 
(8%) which was due to the dehydroxylation and 
decarbonation, indicating a conversion of OH- of the 
brucite-like and CO3

- in the interlayer to H2O and 
CO2 respectively [19, 20]. For the LDHC500opt, two 
main stages of weight loss could be noted, the first up 
to 430 °C and the second above 430 °C, and a small 

weight loss was recorded which might be due to the 
removal of residual water, hydroxide and carbonate.  

III.3 X-ray diffraction (XRD) 

10 20 30 40 50 60 70 80 90 100
2θ 

LDH

LDHC500

MgCuFe-CO3

Figure. 3 XRD patterns of LDHopt LDHC500opt 

Figure 3 shows the XRD patterns of the solid catalyst, 
LDHopt has two peaks characteristic reflections of the 
basal (003), (006) and (009) at 2θ around 11.85, 21.1 
and 34.1°, respectively. This initial LDH symmetrical 
reflections show a layered structure [15, 21, 22]. At 
higher values of 2θ= 60°, a weak non-basal 
reflections can be observed [21]. While for the 
calcined LDH (LDHC500opt), there was a 
disappearance of these peaks. Goh et al [21] reported 
that the calcination of LDHs at 500°C destroyed their 
layer structure and metal oxides would be formed 
with high thermal stability, large surface area, basic 
properties, small crystal size, and high stability 
against sintering even under extreme conditions. 
Sable et al [23] suggested that the calcination of 
hydrotalcite at 450°C led to the removal of the NOx, 
CO2 and water. The physi-sorbed water, the 
interlayer water and the water from the 
dehydroxylation of the brucite layers could be 
progressively lost from the LDH calcined at 500 °C 
[15]. After calcination, the crystalline phases of 
periclase MgO appeared at 43.02° and 62.37° [24].  
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III.4 SEM/EDX analysis  

Table.3 Elemental composition of EDX analysis for LDHopt and 

LDHC500opt 
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Cl K 0.315 0.19 Zn K 0.5525 0.1675 
C K 11.236 21.544 O K 50.778 62.962 
O K 34.148 52.862 Si K 0.28 0.2 
Zn K 0.734 0.318 C K 12.24 18.52 
Al K 0.48 0.68 Mg K 15.612 12.856 
Nb L 1.52 0.35 Cu K 4.504 1.418 
Mg K 20.91 17.067 Fe K 18.704 6.718 
Cu K 5.62 2.502    
Fe K 30.29 13.817    

 

 

Figure.4 SEM image of LDHopt and LDHC500opt 

The surface morphology of LDHopt and LDHC500opt 
and their derivatives was examined by SEM, which 
shows in Fig. 4 that the particles appeared almost 
irregular in shape and size, this morphology is typical 
of double layered hydroxides prepared by co-
precipitation method [19]. The SEM micrograph (Fig. 
4) LDH and LDH calcined at 500°C showed 
significant difference in surface morphology, which 
means that calcination at 500°C affected the external 
morphology of LDH. 

Tab.3 shows the mean of the elementary 
concentrations of the metal cations on the surface of 
LDH calculated by the EDS-SEM technique in 
several surface spots. These cations should play an 
essential role in the catalytic activity [25], in the other 
hand the ratio of these metal cations gives an 
important information about LDH structure [26]. The 
EDS curves of LDHopt showing the presence of Mg, 

Cu, Fe, O and C, and traces of Cl, Zn and Al, The 
presence of Cl probably originated from the initial 
precursor of preparation (Mg Cl2, CuCl2 and FeCl3) 
which were not eliminated, the presence of C and O 
was clearly due the intercalation by carbonates 𝐶𝐶𝐶𝐶32− 
and air. The results illustrated on Table 3 show that 
the Mg, Fe, Cu, O and C were well distributed on the 
surface of the powder of LDHopt. The masse ratio of 
Mg, Cu and Fe is 30.29, 5.62 and 17.42% 
respectively, which were approximately the same 
molar ratio of the initial precursors used for the 
preparation of the optimum LDH (Mg: 0.54, Cu: 0.1, 
Fe: 0.44). The XRD pattern and chemical analysis 
result confirmed that the layered structure material 
containing Cu2+, Mg2+, Fe3+ and with 𝐶𝐶𝐶𝐶32− in the 
interlayer had been successfully synthesized. in the 
case of LDH calcined at 500 °C, the major elements 
appearing in the EDS spectrum were Mg, Cu, Fe, O, 
and C, and slightly traces of Si and Zn, the average 
ratio masse of the composition of LDHC500opt, Mg = 
18.7%, Cu = 4.5 % and finally Fe = 15.61%. These 
results showed clearly the dispersion of these cations 
on the surface of solid and confirmed the initial values 
of precursors used for the preparation of the 
LDHC500 optimum (Mg: 0.46, Cu :0.1, Fe :0.44). 

III.5 UV-DRS 
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Figure.5 UV-Vis diffuse reflectance spectra of LDHopt, 

LDHC500opt 

As shown in Fig. 5, no significant band absorption for 
LDHopt could be observed. This is means that LDHopt  
was optically transparent, in agreement with the work 
of Zhou et al [27], while the material LDHC500opt 
could absorb the visible-light wave length, especially 
below of 500 nm. This was probably due to the 
formation of oxide metals, such as Fe2O3, CuO…, 
which were photo catalytically active in visible light. 
In the other hand, the band gap of LDHC500opt was 
estimated to be 2.27; these values were almost equal 
to results found in [29] which indicated the formation 
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of CuO and CuFe2O4. The increase in band gap lets 
suggested that LDHC500opt might have greater 
catalytic activity for visible light [30]. 

III.6 pH Effect on the photocatalytic 
degradation of BPv 
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Figure.6 pH effect on the BPv removal by adsorption and 

photocatalysis (a) LDHopt, (b) LDHC500opt ,  

The pH of solution is an important factor on the 
adsorption of the organic compounds, and become 
more crucial in the photocatalytic reactions 
containing transition metals (Fe, Cu…). Fig. 6 shows 
the effect of pH value on the removal of BPv in dark 
and under UV light. The experiments were carried out 
at pH within the range 3-10 at 0.05 g L-1 dye 
concentration and 0.5 g L-1 photocatalyst loading. In 
the case of LDHopt, the results showed that the rate of 
adsorption decreased with the increasing of pH, on 
the other hand for the photocatalysis, the removal rate 
increased with increasing pH up to the maximum 
value at pH (natural) = 6.39 (37%). While for the 
LDHC500opt, the efficient removal of BPv by 
adsorption and photocatalysis was near the pH natural 
(6.39) and pH= 8. The surface was negatively charged 
at pH above pHpzc (witch equal 8.53, 8.77 for LDHopt 
and LDHC500opt respectively) and positively 
charged at pH less than these values, for this reason 
the BPv anions were attracted to adsorption sites of 
LDH at pH<pHpzc. This phenomenon was not 

observed after calcination because LDHs lost their 
characterisation by the formation of metal oxides on 
their surfaces. The degradation efficiency of BPv by 
LDH increased with increasing of pH until pH 
natural= 6.39 (37 %). It is known that Fenton reaction 
is enhanced at pH < 4 by the contribution of the 
homogenous process due to Fe3+ leaching, but in this 
case it can be seen that photocatalyse at pH acid (3 
and 4) illustrated a weak removal ratio (3% and 10 %) 
respectively. These results were probably due to a low 
concentration of the iron in solids (17.42% in the 
weight of catalyst) and the weak Fe leaching. 
Therefore, the activity catalytic performance was 
more important in the alkaline medium for non 
calcinated and calcined LDH; this phenomenon 
maybe related copper species that contain LDH 
because Cu led to the acceleration of the generation 
of OH● radicals in a wide range of pH [31]. Similar 
results were obtained for the products contain a 
copper as active species used in the photocatalytic 
reaction [32]. 

III.7 Effect of initial dye concentration 

-180 -120 -60 0 60 120 180

0,0

0,2

0,4

0,6

0,8

1,0

C/
Co

Time (min)

 10 mg/L
 20 mg/L
 50 mg/L
 100 mg/L

UV+H2O2

a

-180 -120 -60 0 60 120 180

0,0

0,2

0,4

0,6

0,8

1,0

C/
Co

Time (min)

 10 mg/L
 20 mg/L
 50 mg/L
 100 mg/L

UV+H2O2

b

Figure.7 dye initial concentration effect on the degradation 

efficiency by the photo catalysts (a) LDHopt and (b) LDHC500opt 
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The effect of the initial dye concentration on the 
degradation rate by the heterogeneous Fenton 
systems (LDHopt/H2O2/UV, 
LDHC500opt/H2O2/UV) was investigated using 
different concentrations of BPv of 10, 20, 50 and 100 
mg.L-1, and other parameters such as the pH, the 
catalyst dose, the concentration of H2O2 remained 
constant at 6.34, 0.5 g .L-1 and 15.8 mM, respectively, 
in a solution of 250 mL to which H2O2 was added and 
the UV lamps were lighted up after three hours for the 
adsorption and desorption equilibrium to be reached. 
In the case of LDHopt, it is clear that the rate of 
degradation decreased by increasing the 
concentration of dye as shown in Fig. 7. This 
reduction was probably due to an insufficient 
concentration of free radicals compared to a large 
amount of available pollutants molecules. In addition, 
a high concentration of dye could prevent the photons 
from arriving at the active sites by forming an internal 
filter thus allowing participation in the photocatalysis 
reaction. On the other hand, a large quantity of the 
organic molecules which had been adsorbed by the 
material could occupy the active sites, leading to the 
reduction of the performance catalysts [33]. In the 
other hand, no significant difference was observed 
about the BPv degradation rate with the difference 
concentration for the LDHC500opt. As known, the 
calcination changed the surface morphology of 
materials by the destroying the layers and the 
formation of transition metal oxides, so it can be 
suggested that the mechanism of photocatalytic 
degradation changed, and the dye concentration had 
not significant effect on the photocatalyse 
performance.  

III.8 Effect of photocatalyst dose 
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Figure.8 photocatalyst dose effect on the degradation efficiency by 

the photo catalysts (a) LDHopt, (b) LDHC500opt 

The effect of catalyst dose on the BPv degradation 
was studied by varying the amount of catalyst from 
0.1 to 2 g.L-1 at pH = 6.4, the concentration of H2O2 
was fixed at 15.8 mM and the solution exposed to UV 
irradiation after stirring vigorously for three hours in 
black to achieve an adsorption/desorption 
equilibrium. It can be observed in Figure 8 that the 
removal of BPv by adsorption onto LDHopt and 
LDHC500opt was enhanced with the catalyst dosage 
increasing. This increased molecules adsorption due 
to the increase of adsorption sites. The degradation 
rate via photocatalysis increased with increasing of 
catalyst dose until an optimum value with a catalyst 
dose equal 0.5 g.L-1 in all systems studied. An 
increase in the catalyst concentration normally 
improved the formation of free radicals OH●, 
consequently led to increasing of degradation rate due 
to availability of free active sites on the surface area 
[33]. Beyond this optimal value of LDHopt the 
decrease in the removal rate is explained by the fact 
that the turbidity of the treated solution increased due 
to the increase of the catalyst mass, so the penetration 
of the photons was strongly reduced within the liquid, 
hence the total number of photons that could react 
with H2O2 decreased [34]. In the other hand, an 
excessive Fe and Cu species dissolved from catalyst 
could be presented as scavenger elements, according 
to the following equations [34-36]: 

𝐶𝐶𝑂𝑂● + 𝐹𝐹𝐹𝐹2+ → 𝐶𝐶𝑂𝑂−+𝐹𝐹𝐹𝐹3+                          
(5a)
   
Eq. (6) 

𝐶𝐶𝐶𝐶+ + 𝐶𝐶𝑂𝑂.  →  𝐶𝐶𝐶𝐶2+ + 𝐶𝐶𝑂𝑂●                          (5b) Eq. 
(7) 
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III.9 Effect of initial H2O2 concentration 
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Figure. 9 H2O2 initial concentration effect on the degradation 

efficiency by the photo catalysts (a) LDHopt, (b) LDHC500opt 

H2O2 was an important parameter for the degradation 
of organic molecules in the heterogeneous Fenton-
like system because it was considered as a precursor 
of free radicals. The degradation of BPv by the 
heterogeneous Fenton-like method using photo 
catalysts LDHopt and LDHC500opt was studied with 
different concentrations of H2O2 ranging between 
2.85 mM and 63.2 mM. The obtained results are 
illustrated in Fig. 9. 

The required stoechiometric amount of H2O2 for 
complete mineralization of 50 mg L-1 of BPv was 2.85 
mM calculated according to the following oxidation 
reaction:  

C27H36CaN2O7S2 + 32H2O2 → 26CO2 + 2H2O + 
2H2SO4 + 2HNO3+CaCO3+90 H++90e-                (6)
 Eq. (8) 

Without H2O2, no degradation of the BPv occurred 
during three hours of photodegradation as shown in 
Figure 9. The obtained results show that the 
degradation of BPv was accelerated with H2O2 
concentration increasing from 2.85 to 15.8 mM after 

it could be observed that the addition of H2O2 
decreased the photocatalytic performance as 
expected. The beneficial effect of the presence of 
H2O2 could be attributed to the increase in the 
concentration of free radicals generated by the 
photolytic peroxidation of H2O2, according to the 
equation: 

𝑂𝑂2𝐶𝐶2 + ℎ𝑣𝑣 → 2𝐶𝐶𝑂𝑂●                                              
(7) Eq. (9) 

The decrease of degradation efficiency of BPv above 
of 15.8 mM of H2O2 concentration was probably due 
to a scavenging effect of H2O2, which can be 
presented by equations [37, 38]: 

𝑂𝑂2𝐶𝐶2 + 𝑂𝑂𝐶𝐶● → 𝑂𝑂2𝐶𝐶 + 𝑂𝑂𝐶𝐶2●                                  
(8) Eq. (10) 

𝑂𝑂𝐶𝐶2● + 𝑂𝑂𝐶𝐶● → 𝑂𝑂2𝐶𝐶 + 𝐶𝐶2                                      
(9) Eq. (11) 

The optimum value of initial concentration of H2O2 
in the degradation of BPv was 15.8 mM, higher than 
the theoretical value given above. It can be suggested 
that the reason of this was due to the evaporation of 
H2O2 and to parallel H2O2 consuming reactions [39]: 

≡ 𝐹𝐹𝐹𝐹3+ + 𝑂𝑂2𝐶𝐶2 →≡ 𝐹𝐹𝐹𝐹2+ + 𝑂𝑂𝐶𝐶2●                      
(10) Eq. (12) 

≡ 𝐶𝐶𝐶𝐶2+ + 𝑂𝑂2𝐶𝐶2 →≡ 𝐶𝐶𝐶𝐶+ + 𝑂𝑂𝐶𝐶2● + 𝐶𝐶𝑂𝑂−          
(11) Eq. (13) 

So the real amount which reacted in the solution was 
very much less than that of the added H2O2.   

III.10 Catalyst stability and reusability  

In order to evaluate the stability and cost-
effectiveness of the LDHopt and LDHC500opt 
catalysts considered in this work, they were reused in 
three consecutive reactions, maintaining the same 
operating conditions. After each use, the catalyst was 
washed with water several times. The obtained results 
are presented in Figure 10. 
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Figure.10 Reuse and stability of catalyst 

As shown in Fig. 10 the photo catalysts conserved 
their performance for the photocatalytic efficient after 
calcinations, this is may be due to the formation of 
metal oxide on the surface. 

IV. Conclusion  

This paper describes the optimisation synthesis and 
characterization of layered double hydroxide and 
their derivatives. Its application in the heterogeneous 
Fenton-like was investigated. The XRD patterns 
confirmed the layered structure of LDH, while after 
the calcination this material lost its initial structure. 
The distribution of size particles analysis 
demonstrated that there was an amelioration of 
cristallinity after thermal treatment at 500°C. The UV 
diffuse reflectance spectroscopy analysis showed that 
LDH was photo catalytically inactive; LDHC500 
could absorb the visible-light wave length, especially 
below of 500 nm. This study demonstrated a 
significant effect of the experimental parameters such 
as pH, initial dye concentration, catalyst loading, and 
H2O2 concentration. The applicability of 
heterogeneous Fenton like process for the elimination 

of organic pollutant at neutral pH have a strong 
advantage, because it avoids the iron and copper 
leaching which makes possible for the catalysts to 
have long term stability and no iron sludge formation. 
This work shows that an organic pollutant can be 
eliminated by a low cost material, simple to synthesis 
and to use in the Fenton-like process. 
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