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a b s t r a c t
In this study, a carbonate material (CM) and its form heated to 900°C (CM900) were used to remove 
Congo red (CR) from aqueous solutions. The objective was to combine the results of the characteri-
zation of the modified material, CR adsorption and spectroscopic study to propose a coherent mech-
anism of the CR-CM900 interaction. A bibliographical study on the adsorption of dyes by carbonates 
and their interactions revealed the scarcity of published works. This study will compensate some-
what for the lack of results in this field. Carbonate materials are abundant, low-cost and available 
in different countries around the world. The materials were characterized by X-ray diffraction and 
scanning electron microscopy. A solid/solution concentration of 1 g·L–1, pH of 6.9, equilibrium time 
of 2 h and temperature of 40°C, were found to be the optimum conditions for a maximum amount of 
CR adsorbed by CM900 of 288.2 against 32.7 mg·g–1 for CM. A full decarbonation of CM900 results in 
MgO and CaO, releases CO2 from the structure, and leads to a more porous structure. The pseudo- 
first-order model adequately described the kinetic data. The experimental isotherms were suitably 
fitted by the Redlich–Peterson model with determination coefficient and average relative error 
values ≥0.97% and <10.0%, respectively. Thermodynamic parameters suggested a spontaneous 
and endothermic process. Methanol easily desorbed the CR adsorbed by CM900 which main-
tained its adsorption capacity during three adsorption–desorption cycles. Fourier-transform infra-
red spectroscopy investigation before and after the dye adsorption showed that the CR-CM900 
interaction involves a mechanism of outer-sphere complexation between the amine groups and 
the hydroxylated magnesium oxides. Understanding the interactions between dyes and car-
bonate materials is an important approach to develop the use of these materials in wastewater  
treatment.
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1. Introduction

Industrial and technological progress on a global scale 
has introduced different organic and inorganic contaminants 

into the water resources, which include organic dyes, phar-
maceuticals, personal care products, heavy metals, and 
toxic chemicals [1–4]. Their presence in industrial efflu-
ents or drinking water constitutes a public health problem 
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because of their absorption and subsequent accumulation in 
the human body.

Synthetic dyes are widely used in textile industries. 
The annual production of synthetic dyes is approximately 
one million tons. In industrial effluents, about 15% of the 
azo dyes are discharged. Since they are recalcitrant organic 
molecules, immune to aerobic digestion, stable to light, 
heat and oxidizing agents, their existence in wastewater 
causes health and aquatic problems [5]. Among the azo 
dyes, Congo red (CR) was chosen in this study, because it 
is extensively used. Its ubiquitous presence in wastewa-
ters has adverse effects on aquatic life and health, due to 
its biorefractory, carcinogenic, and persistent characteris-
tics [6]. Several techniques have been reported to remove 
Congo red from wastewater: photocatalytic degradation, 
biological and electrochemical treatments, chemical precip-
itation, ion-exchange, nanofiltration, and adsorption [7–11]. 
Most of these processes have limitations due to complex 
operations, poor cost effectiveness, removal issues, and 
sometimes low removal performance.

Adsorption has developed as a green and efficient 
approach based on cost, performance and ecology. It has 
numerous benefits, including easy design and use under 
mild conditions and at wide pH range, efficiency at low 
pollutant concentrations, selectivity, and reusability [12]. 
Adsorption technology is also well adapted for the treat-
ment of wastewater released from textile industries [13]. 
Various inexpensive adsorbents were used to remove Congo 
red from wastewater, such as chir pine sawdust, bentonite, 
calcium alginate, and cross-linked chitosan [14–17].

A carbonate material (CM) is an important industrial 
mineral. It is considered as a salt combining a carbonate ion 
(CO3

2–) with one or more cations. There are different types of 
carbonate materials such as aragonite and calcite (CaCO3), 
magnesite (MgCO3) and dolomite (CaMg(CO3)2). The latter 
is an abundant natural mineral of stoichiometric formula 
CaMg(CO3)2, consisting of an alternation of Ca2+ and Mg2+ 
planes. A review of the literature revealed that dolomite 
has been used as ceramic and catalyst [18–21], but very few 
studies have been published on this carbonate material as 
an adsorbent, mainly because of its poor properties. After 
an appropriate modification and characterization, the mate-
rial was used in the adsorption of Congo red from aque-
ous solutions. The objectives of this study were to enhance 
the adsorptive properties of this carbonate material and to 
combine the results of its characterization, CR adsorption 
and spectroscopic study to propose a coherent mechanism 
of the CR-carbonate material interaction. Understanding 
the interactions between dyes and carbonate materi-
als is an important approach to develop the use of these 
materials in wastewater treatment.

Dolomite as a carbonate material (CM) was processed 
at 900°C (CM900) and analyzed by X-ray diffraction (XRD), 
scanning electron microscopy (SEM) and Fourier-transform 
infrared spectroscopy (FTIR) before and after CR adsorp-
tion. The adsorption of CR was performed through the 
parameters contact time, equilibrium data and temperature. 
Desorption was studied using five eluents. Five regeneration 
cycles (adsorption/desorption) were carried out for CM900, 
the best adsorbent. The FTIR study was also conducted to 
understand the mechanism of the CR-CM900 interaction.

2. Materials and methods

2.1. Materials

The natural carbonate material used in this research 
comes from the western region of Algeria. Its chemical com-
position is: MgO: 21.05%, CaO: 31.18%, Fe2O3: 0.02%, Al2O3: 
0.002%, SiO2: 0.01%, MnO2: 0.0015% and Cr2O3: 0.01%. The 
crude material was calcined for 2  h at 900°C, which led to 
the formation of mixed CaO and MgO oxides [22]. The crude 
material and its calcined form were designated CM and 
CM900, respectively.

2.2. Characterization

X-ray powder diffraction patterns were obtained using 
a Philips PW 1830 diffractometer (Netherlands) with CoKa 
radiation (l  =  0.1789  nm). XRD data were collected over a 
2q range of 5°–90° with a step width of 0.03°. This range 
was chosen to identify the main and secondary peaks. Each 
sample required 25 min of analysis. The crystallite size and 
morphology of the samples were determined by scanning 
electronic microscopy (JEOL, JSM-6360, Japan). Infrared (IR) 
spectra were recorded on a Shimadzu Prestige 21 spectro-
photometer (Japan) using a KBr pellet technique containing 
0.5% sample.

2.3. Procedure for adsorption and desorption

Dye used is Congo red (CR), an anionic dye belonging to 
the azo class. A stock solution of 1,000 mg·L–1 of CR (chemical 
formula: C32H22O6N6S6Na2, molecular weight: 696.7  g·mol–1, 
supplied by Merck) was prepared by dissolving a suitable 
amount of dye in distilled water. The working solutions were 
prepared by diluting a certain volume of the stock solution 
in a volume corresponding to the new concentration to be 
prepared. 20  mg (m) of each sample (CM or CM900) was 
mixed with 20  mL (V) of aqueous solution of the different 
prepared concentrations and at a pH of 6.9. The suspen-
sion was then centrifuged and the supernatant was assayed 
by visible spectrophotometry at 498  nm using a Shimadzu 
1240  UV/Vis instrument (Japan). Adsorbed amounts, Qexp 
(mg·g–1), were calculated using the equation Qexp = (C0 − Ce)
V/m, where V/m = 1 and C0 and Ce are initial and equilibrium 
concentrations (mg·L–1), respectively.

Desorption experiments were performed by mixing 
50 mg of CR-loaded CM900 with 50 mL of eluent. After stir-
ring for 120 min, CM900 was recovered and the amount of 
CR released into the eluent was determined spectropho-
tometrically. Five eluents were used to desorb CR from 
CM900. The best eluent (methanol) was used for CM900 
regeneration. Five successive adsorption–desorption cycles 
were conducted and after each cycle, the recovered adsor-
bent was dried at 90°C. All experiments were performed in 
triplicate, and only the average results are reported in this 
paper. The conditions used are listed in Table 1.

2.4. Theoretical approach

2.4.1. Kinetic modeling

The adsorption kinetics may be described by a pseu-
do-first-order [Eq. (1)], a pseudo-second-order [Eq. (2)], 
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intraparticle diffusion [Eq. (4)] and Elovich reaction 
[Eq. (5)], respectively [23–26].
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where Qe: quantity adsorbed at equilibrium (mg·g–1); 
Qt: quantity adsorbed at time t (mg·g–1); K1: pseudo-first- 
order velocity constant (min–1); t: contact time (min).
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where K2 is the pseudo-second-order velocity constant 
(g·mg–1·min–1).

The initial adsorption rate, h, at t → 0 is defined as:
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2 	 (3)

where h, Qe and K2 are obtained from the slope and 
ordinate at the origin of the linear plot of t/Qt vs. t.
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where kid is the intraparticle diffusion rate constant 
(mg·g–1·min–1/2) and C is a constant.

The values kid and C are calculated from the angle and 
the interception, respectively, of the plot of Qt vs. t1/2.
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where α: Initial adsorption rate (mg·g–1·min–1); β: is the 
desorption constant (g·mg–1). The coefficients α and β are 
calculated from the plot Qt vs. lnt.

2.4.2. Modeling adsorption isotherms

The Langmuir, Freundlich and Redlich–Peterson 
(RP) models were used to fit the experimental isotherms. 
Their equations are given in Table 2.

A model is validated on the basis of the parameters 
coefficient of determination, R2, and average relative error, 
E%. The latter is given by:
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where Q
iexp : quantity adsorbed at equilibrium (mg·g–1); 

Q
ical : calculated adsorbed quantity (mg·g–1); n: number of 

experimental data.

2.4.3. Thermodynamics study

The thermodynamic parameters of the CR adsorption 
were established using the following relation:
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where ΔH°: enthalpy (kJ·mol–1); ΔS°: variation of entropy 
(J·mol–1·K–1); R: gas constant (J·mol–1·K–1); Kd: coefficient of 
distribution; T: absolute temperature (K).

Table 1
Experimental conditions during the adsorption of Congo red by CM and CM900

Contact time 1, 3, 5, 10, 20, 40, 60, 120, and 240 min; Cinitial = 80 mg·L–1, [solid]/[solution]: 1 g·L–1, T = 25 and 40°C, pH: 6.9
Concentration 20, 40, 60, 80, 100, 150, 200, 300, and 400 mg·L–1; contact time: 120 min; pH: 6.9
Temperature 25°C and 40°C. [solid]/[solution]: 1 g·L–1; time of contact: 120 min; pH: 6.9

Desorption
Solvents: water (H2O); methanol (CH3OH); ethanol (C2H6O); acetone (C3H6O); 50% water + 50% methanol; 
adsorbent: CM900

Regeneration Eluant: methanol; five adsorption/desorption cycles

Table 2
Isotherm equations applied to fit the experimental data

Adsorption models Equations Parameters

Langmuir [27] Q Q
K C
K Ce m
L e

L e

�
�1

	 (6)

Qe: equilibrium amount removed from solution (mg·g–1)
Ce: equilibrium concentration (mg·L–1)
Qm: maximum amount per unit weight of adsorbent for complete 
monolayer coverage (mg·g–1)
KL: constant related to the affinity of binding sites (L·mg–1)

Freundlich [28] Q K Ce F e
n= 1/ 	 (7)

KF: constant taken as an indicator of adsorption capacity (L·g–1)
1/n: constant indicative of the adsorption intensity

Redlich–Peterson [29] Q
K C
a Ce
R e

R e

�
�1 �

	 (8)

Qe: amount adsorbed at equilibrium (mg·g–1)
Ce: equilibrium solution concentration (mg·L–1)
KRP: equilibrium constant (L·mg–1)
β: heterogeneity factor that depends on surface properties of the adsorbent
aRP: maximum amount adsorbed (mg·g–1)
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The variation of entropy values were evaluated by:

� � � � � � � �G H T S 	 (12)

3. Results and discussion

3.1. Characterization

The powder XRD patterns of CM and CM900 are pre-
sented in Fig. 1. The diffractogram of CM displays a sharp 
peak that could be attributed to the CaCO3·MgCO3 phase. 
Carbonate material treated at 900°C, CM900, decomposes 
into magnesium oxide and calcium oxide. CM900 thus 
undergoes a total decarbonation with formation of CaO 
and MgO.

SEM images of CM and CM900 are depicted in 
Fig. 2. The SEM analysis of CM indicates the presence of 

cleavages and shows an apparent preferential orientation 
of crystals along c-axis.

After thermal modification, significant changes of the 
surface topography of CM900 happen. The corresponding 
micrograph highlights the newly created pores and slots. 
The structure appears to be less compact than that of CM. 
These features could be explained by the decarbonation of 
CaCO3·MgCO3. The released CO2 leads to a more porous 
structure [22,30].

3.2. Congo red adsorption

3.2.1. Kinetics

All experiments were conducted at a pH of 6.9 because 
CR adsorption is maximal (figure not shown). The kinetic 
curves of CR adsorption are given in Fig. 3. Adsorption rate 
is rapid in the first 40  min and then gradually decreases 
and reaches equilibrium at about 2  h. Further increase in 
contact time did not change significantly CR removal. Fast 

 

Fig. 1. X-ray diffraction patterns of carbonate material and its 
form heated to 900°C (CM900).

 
Fig. 2. Scanning electron microscopy images of carbonate material and its form heated to 900°C (CM900).
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Fig. 3. Effect of contact time on the adsorption of Congo red 
by CM900 at 25°C and 40°C.
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adsorption at the initial contact time is due to the availabil-
ity of adsorption sites on the material surface. 2 h seems to 
be a sufficient time to reach equilibrium for different pol-
lutant/material systems, such as chloramphenicol/mod-
ified halloysite [31], RB5/dolomite [32], and heavy metals/
biosorbent [33].

Several models were applied to fit the experimental 
kinetic data. The fit of the experimental data with the pseu-
do-first-order model is appropriate for CM and CM900. 
The Qe(exp) and Qe(cal) values are in close agreement, with 
a deviation <5% and a R2 value ≥ 0.98 for CM900 (Table 3). 
The validity of the pseudo-first-order model indicates that 
adsorption mainly involves physical interactions, based on a 
diffusion process for which the occupancy rate of the adsorp-
tion sites is proportional to the number of unoccupied sites 
[34,35]. The pseudo-second-order model led to a significant 
divergence between experimental and theoretical values of 
the amount adsorbed at equilibrium, which shows the inad-
equacy of this model. For illustration, the experimental and 
theoretical amounts adsorbed by CM at 40°C were 28.3 and 
61.4 mg·g–1, respectively. When a batch mode adsorption is 
used, the possibility of the intraparticle pore diffusion of 
adsorbate is always present. High R2 values (0.988–0.998) 
were obtained (Table 3), corresponding to intraparticle diffu-
sion. The intraparticle diffusion rate constant, kid, increased 
with temperature, which indicates an enhancement of the 
pore diffusion into CM and CM900 particles. The l value 
gives an insight of the boundary layer thickness. The l value 
of CM900 is 18 times larger than that of CM. Heat treatment 
disturbs the interfacial properties of carbonate material, so 
that the effect of the boundary layer plays a major role in 
Congo red adsorption. The boundary layer thickness also 
significantly influenced the adsorption of catechol by a dolo-
mite treated at 800°C [36]. The Elovich model is one of the 
most used to describe chemisorption on highly heteroge-
neous adsorbents. Its parameters were calculated from the 

plot of Qt vs. lnt [Eq. (5)] [26]. For a majority of samples, the 
R2 values are close to 0.9, which confirms the non-validity  
of this model.

3.2.2. Isotherms and affinity

The adsorption isotherms of CR at 25 and 40°C by CM900 
are given in Fig. 4. They show typical Langmuir-shaped iso-
therms. The amount of CR adsorbed increases with increas-
ing initial concentration until equilibrium is reached. The 
first part of the curve reveals that CR has a strong affinity 
with the material surface. The amount adsorbed increases 
with increasing temperature, regardless of the material 
examined. CM900 adsorbs 261.36 and 288.18  mg·g–1 at 25 

Table 3
Kinetic parameters of Congo red adsorption on carbonate materials CM and CM900

Models Parameters Adsorbents

CM CM900

25°C 40°C 25°C 40°C

Pseudo-first-order

Qe(exp) (mg·g–1) 15.80 28.322 68.59 77.60
Qe(cal) (mg·g–1) 18.66 38.21 69.69 79.89
K1 (min–1) 0.0091 0.0069 0.039 0.041
R2 0.972 0.927 0.997 0.977

Pseudo-second-order

Qe(cal) 27.54 61.43 80.76 91.39
K2 (g·mg–1·min–1) 0.00024 0.00007 0.0006 0.0005
h (mg·g–1·min–1) 0.182 0.264 3.913 4.176
R2 0.967 0.921 0.980 0.956

Intraparticle diffusion
kid (mg·g–1·min–1/2) 0.089 0.126 1.25 1.42
l (mg·g–1) 0.757 0.582 8.13 10.70
R2 0.994 0.998 0.992 0.988

Elovich
α (mg·g–1·min–1) 0.00024 0.00007 5.80 8.07
β (g·mg–1) 27.54 61.44 0.055 0.051
R2 0.966 0.921 0.938 0.915
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Fig. 4. Isotherms of the adsorption of Congo red on CM900 at 
25°C and 40°C.
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and 40°C, respectively, and for an initial concentration of 
400 mg·L–1. An increase in temperature intensifies diffusion 
which leads to an increase in adsorbed amount, and gener-
ally indicating that the interaction mechanism of adsorbate/
adsorbent systems would be an activated process [37].

The affinity of CM900 for Congo red is much higher than 
that of CM, the uptake being 288.18 and 32.73 mg·g–1 at 40°C, 
respectively (Fig. 5). A dolomite heated to 900°C was also 
found to be a better adsorbent than untreated dolomite for 
Orange I adsorption [38]. The significantly higher adsorp-
tion of CM900 compared to CM may be explained from its 
crystallographic properties. A full decarbonation of CM900 
results in MgO and CaO, releases CO2 from the structure, 
and leads to a more porous structure. In contrast, the lower 
adsorption potential of the starting material, CM, could be 
due to the presence of a CaCO3·MgCO3 phase without decar-
bonation, dense, for which there is no mass loss [32]. These 
explanations are corroborated by the XRD and SEM analyses.

3.2.3. Comparison of Congo red onto CM900 adsorption with 
other adsorbent materials

The adsorption capacity of CR by CM900 was compared 
to that of various adsorbents (Table 4). As shown, the Qmax 
of CM900 (288.2  mg·g–1) is significantly higher than that 
of materials such as sawdust, activated carbon, bentonite, 
calcium alginate, and Ni(OH)2. This material appears to 
be very effective in removing Congo red.

3.2.4. Modelling of experimental isotherms

The fitting of experimental isotherms by theoretical iso-
therms is crucial for the simulation of adsorption processes 
and the prediction of adsorbed amounts for experimen-
tally unexploited contaminant concentrations. The validity 
of the model is represented by the average relative error 
(E%) and coefficient of determination (R2). The Freundlich, 
Langmuir and Redlich–Peterson models used in this study 
and their parameters are listed in Table 2. The results of the 
models used are described in Table 5.

The Langmuir model led to a significant divergence 
between experimental and theoretical values of the amount 
adsorbed at equilibrium, up to 47% for CM at 25°C and 42% 
for CM900 at 40°C, which shows the inadequacy of this 
model. Among the assumptions of the Langmuir model are 
that the adsorption sites are both similar and energetically 
equivalent, which seems unlikely for our carbonate materi-
als. The Freundlich model is also unsuitable for our data for 
the same reasons as the Langmuir model. An important lim-
itation of the Freundlich model is that it does not describe a 
limit in adsorption capacity, while carbonate materials have 
a limited pore volume. The Redlich–Peterson model equa-
tion contains three parameters and is applicable for both 
heterogeneous and homogeneous adsorption. As shown in 
Table 5, this model gives a good description of CR adsorp-
tion by both CM and CM900. The coefficient of determina-
tion and relative error values are overall ≥0.97 and <10.0%, 
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Fig. 5. Adsorption affinity of Congo red by carbonate material 
and CM900 at 40°C.

Table 4
Comparison of uptake capacities of CR with other adsorbents

Adsorbents Qmax (mg·g–1) References

Sawdust 5.1 [39]
Activated carbon 32.9 [40]
Eichhonia charcoal 56.8 [41]
Modified halloysites (AH600-5N) 85.1 [42]
Penicillium glabrum 101.0 [43]
Bentonite 158.7 [15]
Calcium alginate 181.2 [16]
Ni(OH)2 206.2 [44]
Carbonate material (CM) 32.7 This study
Carbonate material (CM900) 288.2 This study

Table 5
Isotherm parameters for the Congo red adsorption on car-
bonate materials CM and CM900

Parameters Models Adsorbents

CM CM900

25°C 40°C 25°C 40°C

Langmuir

Qexp (mg·g–1) 26.36 32.73 261.36 288.3
Qm (mg·g–1) 40.16 42.65 268.30 340.54
KL (L·mg–1) 0.0090 0.0032 0.1960 0.0150
R2 0.9841 0.9328 0.9601 0.9509
E (%) 46.87 40.11 14.97 42.01

Freundlich

KF (L·mg–1)1/n 0.712 1.969 22.68 72.66
n 0.520 0.463 0.430 0.281
R2 0.935 0.992 0.961 0.993
E (%) 33.03 30.25 18.63 7.73

Redlich– 
Peterson

KRP (L·g–1) 0.062 0.901 9.510 470.15
b 1.524 0.927 0.713 0.722
aRP (L·mg–1)b 0.277 0.732 0.133 5.578
R2 0.972 0.988 0.981 0.996
E (%) 8.02 10.85 7.16 8.42
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respectively. The Redlich–Peterson model also successfully 
fitted CR adsorption isotherms by a modified halloysite 
[42]. The β exponent is overall lower than 1, which reflect 
a favorable adsorption on heterogeneous energy sites. The 
KRP values of CM900 increase with increasing tempera-
ture and are significantly higher than those of CM. As they 
provide an indication on adsorption capacity, the resulting 
values are consistent with the equilibrium data obtained.

3.2.5. Thermodynamic parameters

Thermodynamic parameters are summarized in Table 6. 
Negative values of ΔG° show that the adsorption of CR is 
spontaneous. The spontaneous character of adsorption has 
been reported by several authors for different pollutant-ma-
terial systems [45–47]. Spontaneity changes as follows: 
CM900  >  CM, depending on the degree of adsorption. 
Regardless of the material, the ΔG° values decrease with 
increasing temperature from 298 to 328  K, suggesting that 
adsorption is more favorable at high temperatures. The pos-
itive values of ΔH° show that the removal of CR is endother-
mic. The positive value of the generated entropies (ΔS° > 0) is 
a consequence of the loss of the structured water surround-
ing the solute molecules and the release of those of water 
from the surface of carbonate materials, due to the transfer 
of CR molecules from solution to the surface of carbonate 
materials [48]. The reduction in solvent organization and 
thus a sharp entropy increase in the system (ΔS° > 0) is sig-
nificant enough to cause a spontaneous reaction (ΔG° < 0).

3.2.6. FTIR analysis after CR adsorption

FTIR spectroscopy technique was used to elucidate the 
adsorption mechanism. The infrared spectra of CM900 and 

CR, before and after adsorption (CR-loaded CM900), were 
recorded in the 4,000–400 cm–1 range (Fig. 6). The acute peak 
at 3,703 cm–1 (CM900) could be due to a hydroxyl (OH) asso-
ciated with MgO as hydroxylated magnesium oxide [49]. 
The band at 562 cm–1 may be also related to MgOH species 
[50]. The characteristics of the CR bands were given in a 
previous paper [42]. After exposing CM900 to a 400 mg·L–1 
solution of Congo red, the spectrum obtained (Fig. 6–Congo 
red-loaded CM900) reveals several changes: some bands 
disappear, while others move and change in intensity. 
These spectral features underline the interaction of Congo 
red with the chemical species available on the CM900 sur-
face. The reduction in intensity of the 3,430; 1,578; 1,226 and 
531  cm–1 bands denotes the implication of amine groups 
belonging to the Congo red.

3.3. Desorption and regeneration

Desorption and regeneration provide valuable indica-
tions on the regeneration potential of our best adsorbent. 
Five eluents were employed to remove CR from CM900 
(Fig. 7). Water is the least efficient eluent since 7% of CR 
was recovered at 40°C, which means that the CR molecules 

Table 6
Thermodynamic parameters for the Congo red adsorption 
onto carbonate materials

Adsorbents ΔH° 
(kJ·mol–1)

ΔS° 
(J·mol–1·K–1)

ΔG° (kJ·mol–1)

298 K 313 K 328 K

CM 27.64 141.70 –14.58 –16.70 –18.83
CM900 123.71 474.91 –17.81 –24.93 –32.06

 

Fig. 6. Fourier-transform infrared spectra of CM900, Congo red 
(CR) and CR-loaded CM900.

0

10

20

30

40

50

60

70

80

90

100

methanol Ethanol Acetone Water methanol+water

De
so

rp
�o

n 
(%

)

Fig. 7. Desorption rate of Congo red from CM900 with different solvents.
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have a better affinity for CM900. Methanol has the highest 
desorption capacity with 94% of the total adsorbed amount. 
A 94% extraction rate would mean that CR physically inter-
acts with CM900. CR is highly soluble in alcohols due to 
their organic and polar fractions. In addition, reducing the 
molecular weight of alcohols can improve their desorp-
tion performance, as small molecules easily penetrate 
the lattice of the carbonate material and extract CR. This 
would explain why the desorption capacity of methanol 
(MW = 32) is better than that of ethanol (MW = 46).

Regeneration ease is an important factor in the industry 
applications of any adsorbent. Five adsorption/desorption 
cycles were tested with methanol as solvent (Fig. 8). CM900 
conserves a comparable adsorption capacity for three cycles. 
It subsequently decreases for the fourth and fifth cycles. 
Among the problems experienced, an amount of CM900 
was lost at each adsorption–desorption stage. A further dif-
ficulty is that at each desorption, methanol permanently 
occupied the adsorption sites [51].

3.4. Interaction mechanism

From FTIR analysis, it is evident that the CR-CM900 
interaction occurs between amine groups of Congo red and 
MgOH species available on the CM900 surface. This interac-
tion is physical in nature based on the parameters explored. 
Ikhsan et al. [52] showed that an outer-sphere complex-
ation occurs between aminopyridinium groups and mont-
morillonite, while Yan et al. [53] showed that MgOH acts 
as an adsorbent by involving outer-sphere complexation. 
Therefore, it is reasonable to assume that the amine groups 
of Congo red would interact with the MgOH species of 
CM900 through outer-sphere complexation. Such an inter-
action is physical in nature in accordance with the discus-
sion given in this paper. On this basis, we represented the 
interaction of CR with CM900 in Fig. 9.

4. Conclusion

A carbonate material was treated at 900°C and character-
ized by XRD and SEM analyses. The characterization results 
explained the adsorption capacity of CM900 and CM with 
respect to Congo red, an anionic azo dye. A full decarbon-
ation in CaO and MgO, at 900°C, and a more porous struc-
ture justified why CM900 adsorbs significantly more CR 
than CM, that is, 288.2 and 32.7  mg·g–1, respectively. The 
pseudo-first-order model adequately described the kinetic 
data. The experimental isotherms were suitably fitted by 
the Redlich–Peterson model. Thermodynamic parame-
ters suggested a spontaneous and endothermic process. 
Methanol easily desorbed the CR adsorbed by CM900 which 
maintained its adsorption capacity during three adsorp-
tion–desorption cycles. The mechanistic study highlighted 
an outer-sphere complexation between the amine groups 
of CR and the MgOH species of CM900.
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