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 Mg
2+

/Cr
3+

-LDH, (LDH-CO3) with Mg/Cr molar ratio 2.0 and intercalated 

LDH with an anionic surfactant, sodium dodecyl sulphate, SDS-LDH were 

synthesized by co-precipitation method and was used for the sorption of 

Alizarine  Red-S (ARS) as anionic organic dye. The prepared adsorbents were 

characterized by FTIR, XRD, TGA and surface area. The influence of pH of the 

medium, shaking time, dye concentration and adsorbents dose on the sorption 

process were investigated. The kinetics of the sorption process was estimated 

using the pseudo first-order, pseudo second-order, intra particle diffusion and 

Elovich kinetic model. The results of LDH-CO3 fitted well with the pseudo -first-

order model while the pseudo -second-order model fitted with SDS-LDH results. 

The obtained results indicated that the intercalation with SDS enhanced the 

sorption process and can be considered as a promising adsorbent for the removal 

of anthraquinone compounds from wastewater. Regeneration of the adsorbent 

was achieved using 0.1 M sodium hydroxide solution. 
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 INTRODUCTION 

Pollution control is one of the important 

environmental issues in the world. Large quantities of 

dyes that are produced from many industries as leather 

tanning, paints, paper, pharmaceuticals and food are 

discharged in the water streams. Fifteen percent of the 

total dyes produced annually are released in the water 

streams during textiles industries.  As the dyes are non-

biodegradable  and cause the coloration of water which 

prevents the penetration of light in the water systems 

causing hazardous effects to all aquatic living organisms 

as most of them are carcinogenic and mutagenic [1-3].  

Many techniques were applied for the removal of dyes as 

ozonation [4], electrocoagulation [5, 6], photo-

degradation [7], aerobic and anaerobic biodegradation 

[8-10], biosorption [11], ion exchange [12], solvent 

extraction [13], oxidation [14] and precipitation [15] 

however, these techniques have some drawbacks as dyes 

are tailored to  be  resistant to  degradation and  even  the 

 degradable species may be more   toxic and not 

economically feasible. Adsorption is an effective method 

for dye removal due to the ease, efficient and low cost 

operation.  Many adsorbents were investigated for the 

removal of cationic and anionic dyes using low cost 

adsorbents as natural clays that are generally hydrous 

aluminosilicate with high surface areas and high cation 

exchange [1]. The most used clays as adsorbents are 

montmorillonite and kaolinite group clays with the 

general formula of Al2Si2O5(OH)4  [16], industrial 

wastes as metal hydroxide sludge [17, 18 ], red mud [19-

21], zerovalent iron [22], activated carbon [23], 

organoclay [24] and biosorbent materials [25-27]. The 

layered double hydroxides (LDHs) have a  general 

formula [M 1-x 
2+ 

M x 
3+ 

(OH) 2 A x/n 
-
·mH 2O], where M 

2+
 is a divalent cation, M 

3+
is a trivalent metal cation and 

A 
n-

 is the interlayer anion  that  are found on the surface 

and/or in the interlayer spaces.  Several methods were 

proposed for the preparation of LDH as co-precipitation, 

hydrothermal methods and mechanochemical synthesis 
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 etc. Many factors affect the synthesis of LDHs by co-

precipitation as the pH, precipitation method, 

precipitation temperature, reagent concentration, aging 

and the presence of impurities [28]. The surface and 

interlayer anions and water molecules can be exchanged 

with other inorganic and organic anions from 

contaminated waters [29].  LDHs were used as 

adsorbents for the removal of heavy metals, 

radionuclides, oxyanions [30-33], dyes [34-40]. 

Intrercalation using organic surfactants to increase the 

hydrophobicity have found many applications in the 

removal of organic materials from industrial wastewater. 

Anthraquinone compounds have many applications 

in dyes, metallochrome indicators, drugs, or staining the 

biological samples. From these dyes, Alizarin Red S 

(9,10-dihydro-3,4-dihydroxy-9,10-dioxo-2 anthracenesulfonic 

acid) (ARS) that is commonly used  in staining 

calcium deposits in tissues, in geology to stain and 

differentiate carbonate minerals, ARS  is used as 

spectrophotometric determination of some elements of 

nuclear interest as uranium [41], Zirconium [42], 

Aluminum [43], etc., and in dyeing textiles, such dye 

cannot be completely degraded by the above mentioned 

methods due to its complex structure and its thermal and 

optical stability. For these reasons, this category of dyes 

attract attention of researchers to find a simple and low 

cost technique for the removal of ARS.  

In this paper, the possibility of using LDH-CO3 and 

SDS-LDH for the sorption behavior of ARS from 

aqueous solution has been investigated in order to 

examine the effect of intercalation on the sorption 

process.  
  

2.  EXPERIMENTAL 

2.1 Materials and methods 

Alizarine- Red S was used as delivered by the supplier 

(Riedl-de Haen,). Magnesium chloride hexahydrate, 

chromium(III) chloride hexahydrate, sodium carbonate were 

purchased from Merck. For all experiments, double distilled 

water was used.  
 

2.2 Synthesis of the adsorbents 

2.2.1  LDH-CO3 

LDH-CO3 was synthesized by the co-precipitation 

method using MgCl2·6H2O and CrCl3·6H2O. The Mg:Cr 

molar ratio of 2:1  was obtained by using 0.1 mol/L 

Mg
2+ 

and 0.05 mol/L Cr
3+

. 100.0 mL of 2.0 M Na2CO3 

was added dropwise to 100.0 mL of the above mentioned 

mixture that stirred for 18 h and the pH was maintained 

in the range of 10±0.1. The final greenish blue 

precipitate was aged for 24 h at 80 
o
C, then filtered, 

washed with distilled water and dried at 60 ◦C overnight. 
 

2.2.2 SDS-LDH 

0.5 g of sodium dodecylsulfate (SDS) in 100 mL of 

distilled water was stirred with 5.0 g of       (LDH-CO3) 

for 1.0 h at 353 
o
K in air.  The suspension was then 

centrifuged and the solid was washed three times with 

hot distilled water and dried at 338 
o
K overnight,  Fig.1 

represents schematic structure of both LDH-CO3 and 

SDS-LDH. 
 

2.3 Instrumentation 

UV–Visible Recording Spectrophotometer (Cary 

60, Agilent, USA) was used for estimation of ARS 

concentration. FT-IR spectra of LDH-CO3 and SDS-

LDH before and after sorption were recorded at a 

wavelength range of 400-4000 cm
-1

 by Fourier 

Transform Infra-red Spectrometer (FTIR)IR-Tracer 100, 

Shimadzu, Japan. The pore structure and surface area 

were examined by nitrogen adsorption/desorption at 

77
o
K using a gas sorption analyzer (Quantachrome, 

NOVA 4200 e series, USA). The thermal stability of the 

adsorbent was investigated by a Shimadzu, TGA 51- 

thermal analyzer, at heating rate of 10 
o
C/min. XRD 

pattern of the adsorbent was measured using CuKα 

radiation by Shimadzo X-Ray powder diffractometer 

(XRD 7000) within 2θ ranging from 10 to 80
o
. 

2.4 Sorption of ARS onto LDH-CO3 and SDS-LDH 

    0.05 g of  the adsorbents were equilibrated with 10 

mL of 100 mg/L  of ARS for 60.0 min. at pH 6.0, and 

the solution was centrifuged for ARS measurement by 

UV-Vis spectrophotometer at 555.0 nm . The percent 

uptake (uptake %) was calculated by the following 

equation: 

% 100o e

o

C C
uptake

C


 

                 (1) 

The adsorption capacity of ARS, qe (mg/g), was 

calculated according to the equation: 

( )e o e

V
q C C

m
                                           

(2) 

where Co, Ce  are the initial and equilibrium ARS 

concentration  in (mg/L), V and m are the volume of the 

solution (L) and the mass of adsorbent (g), respectively. 
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Fig. (1) Schematic structure of both LDH-CO3 and SDS-LDH 

 

 

 

3 RESULTS AND DISCUSSION 

3.1 Characterization of the adsorbent 

FT-IR  spectra  of  LDH-CO3,  SDS (LDH), ARS  

and  dye-loaded  adsorbent  are shown  in  Fig. 2. The  

spectrum  of  LDH-CO3   shows  the  characteristic 

absorption  bands  of  a  hydroxyl  group,  at 3390 cm
-1 

due to the  hydration of water molecules and OH groups 

of brucite like structure  [29]. The band at 1446, 1367 

and 873 vibration of interlayer CO3
2-

 cm
-1

. In the SDS-

LDH bands at 2900, 2800 cm
-1 

C-H stretch vibration 

bands are due to CH3 and CH2 group, C-H bending 

vibration appears at 1400 cm
-1

. Loaded LDHs spectra 

show bands in the range of about 450 to 650 cm-1 which 

are due to O–M–O, M–O–M and M–O–H lattice 

vibrations [44], ARS shows  peaks at 1665 and  1637 

cm
-1

 that are referred  to C=O stretching vibration, the 

peaks at 1589 cm
-1 

are due to the C=C bonds in benzene 

ring and the bands at 1439 , 1220, 1068 and 1150 cm
-1 

 

are referred to the sulfonic groups[45, 46]. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2): FT-IR of Cl-LDH and SDS-LDH. [a- LDH-CO3; b- 

SDS-LDH; c- ARS; d- LDH-CO3-ARS; e- SDS-LDH-

ARS]    

 

 

The XRD pattern of LDH-CO3 and SDS- LDH are 

represented in Fig. 3. exhibit some common features 

of LDH, three intense lines at low 2θ angle 

corresponding to diffraction by planes (003), (006) and 

(009) and the peak between 60 and 63
o 

(2θ) is due to 

(110) plane [47]. After anionic exchange with CO3, the 

d003  plane peak was shifted towards lower 2θ value from 

11.529
o
 to11.455 An increase of basal spacing from 7.67 

to 7.72 Å
 
was observed, also the average crystallite size 

was calculated by Scherrer's equation and found to be 

5.42 and 5.0 nm for LDH-CO3 and SDS- LDH, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (3):  XRD of LDH-CO3 and SDS-LDH 
 

The BET surface area of LDH-CO3 and SDS-LDH 

were 72.49 and 62.87 m
2
/g. Thermogravimetric 

analysis,TGA of LDH-CO3 and SDS-LDH up to 600 
o
C 

are shown in  Fig. 4. The weight loss in the range 25-300 
o
C  was nearly equal to 16.6 and 15.7 % may be due to 

loss of surface adsorbed and interlayer water, while the 
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weight loss in the range 300-450 was 14.8 and 20.5% for 

LDH-CO3 and SDS-LDH, respectively due to 

dehydroxylation from the inorganic layers [48] which 

indicates that the intercalation of the surfactant does not  

significantly change the thermal stability of the sorbents. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4): TGA for LDH-CO3 and SDS-LDH 

 

3.2 Effect of pH on the removal of ARS 

The pH is a critical factor in the sorption process as 

it affects the surface charges of adsorbents, leading to the 

electrostatic interactions between the adsorbent and 

adsorbate[49]. As the pH< pHpzc, the surface of the 

adsorbent gains a positive charge and enhances the 

uptake of ARS due to the electrostatic attraction force 

and when the pH > pHpzc, the negatively charged 

adsorbent could oppose the sorption process. The effect 

of pH on the adsorption of ARS onto LDH-CO3 and 

SDS-LDH was  carried out in the range (2.0- 10.0) with 

a V/m ratio 200 mL/g, Fig. 5. It is clear that the sorption 

of Alizarine Red -S remained constant in the range 2.0-

8.0 then decreased with increasing the pH of the aqueous 

solution. Even at higher pH between 8.0 and 10.0, a 

sorption process was observed which indicates that there 

is that another interaction, such as complexation, is the 

primary interaction between LDH-CO3 or SDS-LDH and 

ARS. Also at pH ˃8.0 the ionization of phenolate group 

that acquires a negative charge on the dye surface was 

observed [50]. Fig. 6 represents the formula of ARS in 

extended conformation. All investigations were carried 

out at pH 6.0 where the predominant species are the 

neutral species AH2 and the anionic one AH
- 

[51] that 

enhances the electrostatic interaction with the positively 

charged surface of the adsorbents [52]. The possible 

interactions between LDH-CO3 or SDS-LDH and ARS 

dye are proposed in Fig.7.  

 

 

 

 

 

 

 

 

 

 

 

Fig. (5): Effect of initial pH solution on percentage of  ARS  

removal  onto LDH-CO3 and SDS-LDH: V/m = 200 

mL/g, T: 25±1oC, [ARS] = 100 mg/L 

 

 

 

 

 
 

 

 
 

 

Fig. (6): Formula of ARS in extended conformation 

 

 

 

 

 
 

 
 

Fig. (7): The SDS-LDH and ARS dye interaction. (i)ionic interaction between SDS-LDH-dye at pH 6;  (ii) Hydrogen 

bond between SDS-LDH-dye ; (iii) Hydrogen bond between SDS-LDH and aromatic residue in the dye 
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3.3 Effect of sorbent dose 

The effect of LDH-CO3 and SDS-LDH dose on the 

sorption of Alizarine Red -S ions was investigated in the 

range 0.01-0.05 g/10.0 mL solution with 100 mg/L of 

Alizarine Red -S at ambient temperature (25
o
C) for 30.0 

min. As seen from Fig. 8, the percent uptake of ARS 

increased with increasing the sorbent dose due to the 

increase in the number of active sites available for 

adsorption [53]. In this respect 0.05 g/10.0 mL that 

corresponds to a V/m ratio 200 mL/g was used in this 

investigation. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (8): Effect of adsorbent dose on percentage of  

ARS  removal  onto LDH-CO3 and SDS-

LDH:  pH: 6, T: 25±1
o
C, [ARS] = 100 mg/L 

 

 

 

 

 

 

 

 

 

3.4 Sorption kinetics 

The effect of contact time on the sorption of ARS 

was investigated in the range between 3.0 and 60.0 min. 

using ARS concentration of 100 mg/L onto LDH-CO3 

and SDS-LDH with a V/m ratio 200 mL/g, Fig. 9.  The 

equilibrium established within 30.0 min. and the 

intercalation with the surfactant enhanced the uptake of 

the dye from 72 to 97% .   

Four kinetic models were examined to set the order of 

the sorption. The pseudo- first order kinetic model was 

estimated according to the equation: 

     

1log( ) log ( )
2.303

e t e

k
q q q t                  (3)       

Where k1 is the rate constant of pseudo- first- order 

(min
-1

). The values of k1 and qe can be calculated from 

the slope and intercept on plotting log (qe-qt) versus (t), 

Fig. 10 and are reported in Table (1, 2). It is clear that 

the results fit the model in case of LDH-CO3 system. 

 The sorption data were investigated by pseudo-second -

order mechanism according to the equation (4):  

     4))           
2

2

1 1
        

t e e

t
t

q k q q

     
      

     
 

 Where k2 (gmg−1 
min−1

) is the rate constant of the 

second-order adsorption. The equation constants can be 

determined by plotting t/qt against t, Fig. 11, and the 

results are tabulated in Table (1, 2). The regression 

coefficient (R
2
) was around 0.996. It is clear that the data 

obtained fit this model as the values of qexp are similar to 

qcal. for SDS-LDH system. 

 

 

 

 

 

 

 

 

 

Fig. (9): Effect of contact time on percentage of ARS removal  onto LDH-CO3and 

   SDS-LDH: V/m = 200 mL/g , pH: 6, T: 25±1oC, [ARS] = 100 mg/L 
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Fig. (10): First order Kinetic model for adsorption of ARS onto LDH-CO3 and SDS-LDH 
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Fig. (11): Second order kinetic model for adsorption of ARS onto LDH-CO3 and SDS-LDH 
 

 

Table (1): Calculated parameters of the pseudo first-order, pseudo second-order, intra particle diffusion and Elovich kinetic models 

of ARS onto LDH-CO3 

Model parameters 
100, 

mg/L 

150 

mg/L 

200 

mg/L 

250 

mg/L 

[LDH-CO3] 

First-order kinetic 

qe, exp., (mg/g) 

k1 (min.
-1

) 

qe, calc. (mg/g) 

   

14.4 

0.104 

10.23 

0.980 

17.34 

0.115 

18.62 

0.947 

18.52 

0.099 

20.51 

0.974 

19.84 

0.101 

22.70 

0.960 

Second-order 

kinetic 

K2 (min.
-1

) 

qe ,calc. (mg/g) 

   

1.8×10
-2 

20.10 

0.994 

9.42×10
-3 

28.57 

0.980 

8.66×10
-3 

33.33 

0.990 

6.94×10
-3 

37.04 

0.986 

Intra- particle 

diffusion 

kid(mg g
-1

 min
-0.5

) 

C 

3.919 

5.975 

5.328 

7.857 

6.384 

9.571 

9.73 

7.019 

    0.994 0.984 0.990 0.988 

Elovich            87.88 82.43 127.10 123.84 

           0.524 0.391 0.415 0.383 

    0.960 0.982 0.990 0.988 
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Table (2): Calculated parameters of the pseudo first-order, pseudo second-order, intra particle diffusion and Elovich kinetic models 

of  ARS onto SDS-LDH 

Model parameters 
100 

mg/L 

150 

mg/L 

200 

mg/L 

250 

mg/L 

[SDS-LDH] 

First-order 

kinetic 

qe, exp., (mg/g) 

k1 (min.1) 

qe, calc. (mg/g) 

   

19.40 

0.104 

12.59 

0.980 

26.10 

0.115 

18.62 

0.947 

31.60 

0.099 

20.42 

0.974 

34.0 

0.101 

22.70 

0.960 

Second-order 

kinetic 

K2(min.
-1

) 

qe ,calc. (mg/g) 

   

14.5×10
-3 

20.57 

0.988 

9.64×10
-3 

28.25 

0.976 

8.66×10
-3 

33.33 

0.976 

6.94×10
-3 

37.04 

0.976 

Intra- particle 

diffusion 

kid(mg g
-1

 min
-0.5

) 

C 

3.919 

5.975 

5.328 

7.857 

6.384 

9.571 

7.018 

9.730 

    0.994 0.984 0.990 0.988 

Elovich            88.15 85.97 126.97 123.84 

           0.524 0.443 0.415 0.383 

    0.960 0.962 0.962 0.966 
 

 

The intraparticle diffusion model assumes that the 

adsorption process is diffusion-controlled. The intra-

particles diffusion model is expressed by the following 

equation: 

      qt = kit
1/2

 + C                                   (5) 

Where ki (mg g
−1

 min
−0.5

) is the intra-particle diffusion 

rate constant and C is the intercept which is proportional 

to the boundary layer thickness. The plots of q (mg /g) 

against t
0.5

, Fig. 12 gives a linear relationships that do 

not pass through the origin point This indicates that the 

intraparticle diffusion is not the dominant mechanism in 

processes occurring during the sorption of Alizarine Red 

-S  ions and the parameters are listed in Table (1, 2).  

Elovich model describes the activated 

chemisorption. In Elovich equation 

 

qt =1/b ln(ab) + 1/b lnt                      (6) 
 

where a and b are constants. The constant a is considered 

as the initial sorption rate (mg/g min) and (b) is a 

constant characteristic of the process, Fig.13, the values 

of a and b are listed in Table (1,2). The regression 

coefficient (R
2 

)  in that model is less than that of both 

the pseudo- first and second order models for the two 

investigated adsorbents which indicates that this model 

does not fit the data obtained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. (12): The intraparticle diffusion kinetic model 

for the adsorption of ARS onto LDH-CO3 

and SDS-LDH  
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Fig. (13)  Elovich kinetic model for the adsorption of ARS onto 

LDH-CO3 and SDS-LDH 
 

3.5 Effect of ARS concentration 

The effect of ARS concentration on its sorption onto 

LDH-CO3 and SDS-LDH with a V/m ratio 200 mL/g 

was investigated in the range 100-250 mg/L at ambient 

temperature, Fig. 14. indicates  that  the  amount  of  ARS  

sorbed  onto the sorbents increased  with  increasing  the  

initial  dye  concentration due to  increasing  the  driving  

force  for mass  transfer  with  the increase in ARS 

concentration [54]. 

Langmuir and Freundlich models are commonly used 

to evaluate the equilibrium adsorption. In Langmuir 

isotherm model, the linear form is represented by the 

following equation: 

         (7)           
 

Where, Qmax is the saturated monolayer adsorption 

(mg/g), b is the Langmuir constant sites and is a measure 

of the adsorption energy mL/mg. The results are 

illustrated in Fig. 15 and Table (3). RL, Langmuir 

isotherm is a dimensionless constant that is called 

equilibrium parameter and can be calculated from the 

following equation  

                           
1

1
L

o

R
bC




                           (8)        

The value of RL was found to be  0 ˂ RL˂1 that means 

the sorption process is favorable, Table (3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (14): Effect of initial ARS concentration on its removal 

onto LDH-CO3 and SDS-LDH: V/m = 200 mL/g, 

pH: 6, T: 25±1oC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (15): Langmuir Plots for the adsorption of Alizarine Red -S 

onto LDH-CO3 and SDS- LDH : V/m = 200 mL/g, pH: 

6, T: 25±1oC 

 

The Freundlich model is commonly represented as: 

                  (9)       

Where, Kf  and n are the Freundlich constants 

characteristics of the system, indicating the adsorption 

capacity and the adsorption intensity, respectively. The 

plot of log qe against log Ce is shown in Fig. 16; the 

value of n and Kf  is tabulated in Table (3).   
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Table (3): Langmuir and Freundlich constants for Alizarine 

Red-S adsorption onto LDH-CO3 and SDS-LDH 
 

Model Parameters Value 

 

Langmiur 

LDH-CO3 adsorbent 

 

           

 

 

22.22 

        0.066 

    0.132 

    0.996 

Freundlich     0.098 

                    12.912 

    0.996 

 

 

Langmiur 

SDS-LSH adsorbent 

 

           

 

 

23.87 

        0.05 

    0.176 

    0.964 

Freundlich     0.173 

                    16.069 

    0.992 

In case of LDH-CO3 system, both Langmuir and 

Freundlich models are applicable as the regression 

coefficient (R
2
 around 0.996) that implies that the 

sorption fit the Langmiur model at low concentration and 

at higher concentration of the adsorbate the system obeys 

Freundlich model. In SDS-LDH system, Freundlich 

model is applicable as the regression coefficient 

R
2
=0.992 is much higher than that obtained by Langmuir 

model R
2
=0.964 which indicates that the dye adsorption 

process is affected by its own intermolecular interaction 

between the adsorbed dye molecules.  The value of 1/n < 

1 (0.17) shows favorable multilayer sorption of ARS 

from aqueous medium onto SDS-LDH. 

A comparison of the adsorption capacity of LDH-

CO3 and SDS-LDH with other adsorbents is reported in 

Table 4. The results implied that LDH-CO3 and SDS-

LDH can be used efficiently for the removal of ARS 

from aqueous medium. 

Fig. (16): Freundlich Plots for the adsorption of Alizarine 

Red -S onto LDH-CO3 and SDS- LDH : V/m = 200 mL/g, 

pH: 6, T: 25±1oC 
 

Table (4): Comparison of sorption capacities for Alizarine      

Red -S using various adsorbent materials 

Sorbent 
Qmax, 

mg/g 
Ref. 

Fe3O4@AMP-Tb 357.14 [52] 

CS-IMBTESPEDA-SBA-15 

polypyrrole-coated  magnetic  nanoparticles 

Magnetic  chitosan   

Cynodondactylon 

PEI@MCNTs 

Activated Carbon 

MCNTs 

Catechol–Amine Resin-hydrocelluose composite 

LDH-CO3 

SDS-LDH 

50.25 

116.30 

40.10 

16.30 

196.08 

385.0 

161.29 

284.09 

22.22 

23.87 

[55] 

[56] 

[57] 

[58] 

[59] 

[60] 

[61] 

[62] 

This study 

This study 

 

3.6. Regeneration experiments  

   Desorption studies on the loaded LDH-CO3 and SDS-

LDH were carried out using 0.1M sodium hydroxide 

solution at 25 
o
C for 15 min. The desorption percentage 

was found to be 85 and 90% for the loaded   LDH-CO3 

and SDS-LDH, respectively.  In that alkaline condition, 

the predominant species of ARS is species 3, Fig. 6 that 

repel with the negative charge of the adsorbent. 
             

4.  CONCLUSION 

   LDH-CO3 and intercalated SDS-LDH were 

investigated for the sorption of the carcinogenic, anionic 

dye, Alizarine Red-S to investigate the efficiency of both 

adsorbents for the potential removal of such dye. 

Intercalation with sodium dodecyl sulphate slightly 

improved the sorption processes. Sorption experimental 

data were analysed in term of kinetic models. The 

experimental data fitted well with the pseudo -first-order 

model for LDH-CO3 and pseudo -second-order model 

for SDS-LDH. The adsorbents could be regenerated 
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through the desorption of ARS using 0.1 M NaOH 

solution and could be reused.  
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