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1. Introduction  

Silica gel is an interesting amorphous material with a high adsorption capacity [1], and is used as an 

adsorbent of humidity, or as important adsorbent in liquid phase. Silica gel is also chemically inert and 

with low toxicity, with a very high melting point, it is very much like quartz sand and thus can safely be 

sent by any means of transport, has a long life, and has low abrasion (the wear rates decreasing with 

increasing of the porosity). In recent years, new studies are underway into the use of this versatile 

amorphous material as fillers [2], coatings [3] electronics [4] and pharmaceutical products. Silica gel 

exhibits superior adsorption and high surface area properties which paves its way for use in water 

filtration. The ability of silica gel to adsorb dyes from aqueous solution in the various contacting systems 

has been reported [5]                                                                                                               

 Dyes are widely used as one of the key ingredients in many industries like textile, paint and varnish 

etc…. These industries discharged the dye in the environment with their wastewater, and one of the 

major problems concerning textile wastewater is the highly colored effluent, which can be difficult to 

decolorize. The main environmental concern with dyes is their absorption and reflection of sunlight 

entering the water and thus causing reduction in photosynthesis [6]. 

In addition, the main concern is that some dyes degrade into compounds that have toxic, mutagenic and 

carcinogenic effect on living organism. Azo dyes can be particularly toxic upon degradation and this 

class of dyes is widely used in many industries such as methylene blue (C16H18ClN3S). Therefore, the 
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treatment of effluent containing such dye is interest due to its harmful impact on receiving water. Among 

various treatment methods available for dye removal, the adsorption has been proved to be the most 

suitable and promising technologies or has become the most popular technique because of its 

effectiveness, operational simplicity, low cost and low energy requirement [7]. Removal of dyes in 

aqueous solutions by adsorption on various solid materials, especially on silica gel, has been the subject 

of many studies. Many adsorbents have been tested for the removal of methylenblue  from water and 

wastewater. Examples of these adsorbent are Fly Ash-based Geopolymer [8], silica gel from Tunisian 

sands [5], clay [9], activated carbon [10] and wood ashes [11]. 

The objective of this present work is to study the potential of silica gel from Algerian siliceous by 

products of kaolin for the removal of methylene blue dye (MB) from aqueous solution. To accomplish 

this, equilibrium and kinetic study were performed. Parameters afecting the adsorption process such as 

pH and temperature were also considered. 

2. Material and Methods 

2.1. Materials 

Siliceous by-product of kaolin (sand) designated GOO, was obtained from Tamazert ore (North- East of 

Algeria). The dye used as adsorbate in the present study is the cationic dye - Methylene blue (MB)-was 

purchased from Sigma-Aldrich. The MB molecular structure is displayed in Scheme 1. 
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scheme1.Chemical structure of methylene blue

 
MB is a cationic dye which ionizes as shown below: 

MB-Cl(aq) →  MB+
(aq)   +   Cl-

(aq) 

Its visible Spectrum is shown in figure 1.                                                                                               

 
Figure 1. visible spectrum of methylene blue dye (100mg/L) 

 

 

2.2. Silica gel preparation 

The preparation of silica gel from treated siliceous byproduct of kaolin (sand GOO) was described in 

our previous work [12]. Briefly, silica gel was made in two steps: (1) the preparation of metasilicate sol 

and (2) the destabilization of metasilicate with dropwise addition of 2M hydrochloric acid solution until 
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the desired pH (pH =2). Silicate was prepared by heating a mixture of sodium carbonate and sand (GOO) 

at 1000 °C, a vitreous compound was produced. The sodium silicate used in this study was prepared 

with different molar ratios n= SiO2/Na2O. This ratio was varied from n=1 up to 4 to define its optimal 

value, which is found for n = 3. This result is close to 3.3:1 set by Hwang et al. (2007) [13]. 

 

2.3. Adsorption tests 

The adsorption tests were performed for the system adsorbate (methylene blue)-adsorbent (silica gel 

prepared at pH 2) to define the optimal operating conditions of the main parameters related to the 

adsorption process. The adsorption tests were carried out in a batch reactor with suspensions of various 

adsorbent solid/liquid adsorbate ratios under magnetic agitation. The reactor was immersed in a water 

bath to stabilize the temperature. 

The study of adsorption tests was performed in batch with varying contact time, initial MB dye 

concentration (20 to 100 mg/L), temperature (25, 35, 45, 40, 55, 65 °C) and pH MB solution (from 2 to 

10). Preliminary trials were carried out by introducing 0.1 g of adsorbent (silica gel) in 100 mL of dye 

solution. The solutions were vigorously mixed by mechanical stirrer in the dark. Volumes (3 mL) were 

taken out of the solution for different time intervals, centrifuged at a speed of 5000 trs/ min during 3 

min. 

The absorbance of the supernatant solution was measured using a spectrometer [SCHIMADZU type 

UV-1800] at the wavelength that corresponds to the maximum absorbance of the sample (λ=664nm).  

The concentration of residual dye was calculated using the calibration curve whose equation is given by: 

𝐶𝑑𝑦𝑒 = 0.000526 ∗ 𝐴664 + 0.21729                       (1) 

 

The adsorption capacity at time t, qt (mg/g), was obtained as follows: [14]: 

𝑞𝑡 =
(𝐶𝑖 − 𝐶𝑡)

𝑚
∗ 𝑉 ∗ 10−3                                           (2)  

Where qt (mg/g) is the quantity of the dye adsorbed per unit of mass of adsorbent, Ci (mg/L) is the initial 

concentration of dye, Ct (mg/L) is the residual concentration of dye at the time t, V (mL) is the total 

volume of the solution, and m (g) is the mass of the adsorbent. 

 

2.3. Adsorption Isotherms  

Adsorption isotherms were used to describe the mechanism of the interaction of MB on the adsorbent 

surface. Two models have been adopted in this research, namely Langmuir [15] and Freundlich [16]. 

Langmuir isotherm model is known as idealized monolayer model. The basic assumptions of Langmuir 

model (i) a fixed number of accessible sites having equal energy (homogenous surface) and (ii) 

reversibility of the adsorption process. When the rate of adsorption becomes equal to the rate of 

desorption of molecules from the surface, equilibrium is reached. The form of Langmuir isotherm [11] 

can be given by the following equation: 
 

𝐶𝑒

𝑞𝑒
=

1

𝐾𝐿𝑞𝑚
+

𝐶𝑒

𝑞𝑚
                                                (3) 

Where qm (mg/g) is the maximum capacity of adsorption; qe (mg/g) is the capacity at adsorption 

equilibrium; KL (L/mg) is the Langmuir constant. These values of KL and qm are obtained, respectively, 

starting from the intersection with the ordinate in the beginning and the slope of the right-hand side: 

Ce/qe = f (Ce) 
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The Freundlich equation is an empirical expression that encompasses the heterogeneity of the adsorbent 

surface and the exponential distribution of sites and their energies. The expression for Freundlich [14] 

model is:  

qe = KfCE

1

n                                                                   (4) 

The linear form of frundlich model [11] is: 

𝐿𝑛𝑞𝑒 = 𝐿𝑛𝐾𝐹 +
1

𝑛
𝐿𝑛𝐶𝑒  (5) 

 

Were KF is the Freundlich constant and 1/n is the intensity of adsorption. 1/n is identifying the adsorption 

intensity of adsorbate onto adsorbent. If the value of exponent n is greater than 1 then the adsorption 

represents favorable adsorption conditions [11, 8].                                                             

 

3. Results and discussion 

3.1. Characterization of silica gel 

XRD, FTIR and SEM characterizations of the silica gel and the kaolin by-products were carried out and 

cited in our precedent works [12]. Briefly, the chemical composition of kaolin by-product (GOO) was 

determined by X-ray fluorescence shows that the amount of SiO2 is up to 92%, this was confirmed by 

diffraction X analysis. The XRD analysis indicates that the silica gel obtained is amorphous, the surface 

morphology and pore structure of the representative silica gel prepared at pH 2, which was investigated 

by SEM presents a great number of pores giving a spongy texture [12]. 

The observations in SEM image were further confirmed by the pore size and the pore volume of the 

silica gel (Table 1). The material prepared presents a pore volume of 0.2cm3/g, with a pore diameter of 

17.7Å. These results confirm the mesoporous character of the synthesized silica gels (pore diameter 

under of 50 Å). 

Table1: Surface area, pore volume and average pore radius of silica gel sample prepared from by-product of kaolin [12] 

BET surface area (m2/g) BJH desorption values 

 

477 

Surface area (m2/g) Pore volume (cm3/g) Average pore radius(A°) 

150.4 0.2 17 .7 
 

The ATG curve (figure 2) shows a loss of mass in two well-defined regions: 

 The first produced at a low temperature, from room temperature to 200 ° C. The mass loss is 12%.  

 The second starts from 800 to 900 ° C, we estimate a loss in mass of about 2%. 

The ATD curve has an endothermic peak at 70 ° C attributed to the removal of physisorbed water 

molecules, and another endothermic peak at T= 900°C corresponding to the melting of the NaCl crystals 

formed during gelation. 

Fourier transform infrared spectrometer (FTIR) spectra of Silica gel before and after adsorption of MB 

dye are given in Figure 3. The spectrum presents wide peak at 3450cm-1 attributed to hydrogen bonded 

silanol (Si-O-H) groups , the band at 1640cm-1 may be due to the bending vibration of H2O molecules. 

The very strong and broad band at 1075 assigned to Si-O-Si asymmetric stretching vibrations. The weak 

band at 950cm-1 can be assigned to Si-OH and /or Si-O- groups. This last band has disappeared in the IR 

spectrum of silica gel after adsorption of MB dye. The shift in the wavenumber corresponds to the 

variation of the functional groups energy, this indicates the existence of bond process of MB on the 

surface of silica gel powder. 
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Figure 2. ATG / ATD curves of the silica gel 

  
Figure 3: FTIR spectra of silica gel before and after MB adsorption  

 
 

3.2. Effect of various parameters on the MB Adsorption 

The adsorption equilibrium is a process that depends on several parameters such as adsorbent dose, 

contact time, medium pH, ionic strength, temperature, agitation speed, and concentration. In this study, 

we have investigated the following parameters: adsorbent dose, contact time, dye concentration 

temperature and pH of the solutions.  
 

3.2.1. Effect of adsorbent dose 

The effect of adsorbent dose on the amount adsorbed of MB dye examined in the range of 0.01-0.15g is 

illustrated in Figure 4. The results indicate that the uptake of the dye increases with the concentration of 

the silica gel sample and that the maximum dye removal was achieved for a concentration of 1g/L (0.1g). 

In fact, the dye removal increased from 10 to 79mg/g when the concentration of the adsorbent was varied 

from  0.01 to 0.15g/L (0.1 to 1.5g). This can be explained by the presence of a high number of active 

sites in this mass interval. Beyond this concentration, the yield becomes constant because the addition 

of silica gel most likely results in partial agglomeration and thus restricts the active surface area available 

for dye adsorption. The adsorbent dosage was fixed at 0.1g (1g/L) for the remaining experiments. 

0 200 400 600 800 1000 1200
0,80

0,85

0,90

0,95

1,00

silica gel pH 2

ATG

2%

12%

 

 

T°C

w
ei

g
h

t 
%

0

ATD

900°C

70°C

heat flow

4000 3500 3000 2500 2000 1500 1000 500
0

10

20

30

40

50

60

70

before adsorption

after adsorption 

1000 500
0

10

20

30

40

50

60

 

 

T
 (

%
)

wavenumber(cm
-1
)

 

 

T
 (

%
)

wavenumber(cm
-1
)



Ingrachen-Brahmi et al. J. Mater. Environ. Sci., 2020, 11(7), pp. 1044-1057 1049 

 

 
Figure.4 : effect of adsorbent dose on the amount adsorbed  of MB dye (Ci=100mg/L , V=100mL, T=25°C, 

initial pH=6, 3) 

 

3.2.2. Effect of Contact Time 
The study of the MB adsorption versus contact time on silica gel prepared at pH 2, obtained from 

Algerian siliceous by-products of kaolin, is reported in figure 5. 

 
Figure. 5: Effect of time on adsorption of MB dye on silica gel (m adsorbent = 0.1 g, V= 100mL, Ci = 100 mg/L,        

T = 25 °C, time=300min, initial pH of MB solution=6.3) 

 

The adsorption process was found to be fast at the beginning and then becomes increasingly slow with 

the approach of saturation. It appears that the adsorption equilibrium is reached at 180 min (qe =79 mg/g). 

The fast kinetic of the adsorption process at the beginning of the reaction can be explained by the large 

number of active sites available, and gradually as the recovery rate of the surface increases, the 

accessibility of the remaining vacant sites becomes difficult, as a result, the rate of adsorption becomes 

slow [17].                                                                                                                                                        

3.2.3. Effect of pH                                                                                                                                    

The pH is an important factor in the adsorption process, it can influence at the same time the structure 

of adsorbent and adsorbate as well as the mechanism of adsorption. The effect of pH on the amount of 

MB removed was studied over the pH range of 2.0 to 10.0. The adsorption and dye concentration were 

measured after 240 minutes. The results are shown in Figure 6. The silica gel has an accessible 

hydrophilic surface for the adsorption of the cationic species, so it can be considered that the cationic 

MB is adsorbed on the edges of silica gel forming bonds with the hydroxyl silanol SiOH forms [18], we 
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therefore deduce that the availability of the sites intended to fix the cationic dyes is dependent on the 

pH. In general,  

The adsorption capacity increases with increasing pH values (2 to 5). It was observed that the maximum 

removal of MB was recorded at pH 5. At low pH values, the adsorption capacity is low, this is may be 

due to the presence of polar groups (Si-OH) on the surface of silica gel (Figure 6) which react with H+. 

The lower adsorption of Methylene blue  at low pH value (acidic condition) is due to the presence of 

excess H+ ions [19], competing with dye cations for the adsorption sites of the adsorbent, which is in 

agreement with [20, 21]. 

 
Figure 6: Effect of pH on the adsorption capacity of MB on silica gel (Ci = 50 mg/L, V=100mL, T = 25 °C, 

Time = 240 min, madsorbent=0.05g). 

At higher pH (pH >pHpzc=7.1) the surface of silica gel particles becomes negatively charged. Generally 

the retention of a cation on an adsorbent increases with increase in the negative charge of the surface. 

This explains that retention is more remarkable when pH is greater than 5. However, this loss of 

efficiency when pH increases, shows that the reaction is rather complex and far from being a simple 

attraction electrostatic between opposite charge species. This decrease in the adsorption capacity at pH 

> pHpzc=7.1 can be explained by:  OH- ions are attached to cationic dye particles by electrostatic 

attraction, to forme MBOH hydroxide species which is adsorbed much less. The capacity of an adsorbent 

to remove dye from the aqueous solution depends on the material surface charge and pH of the solution 

[22, 23]. 

 

3.2.4. Effect of initial concentration 

The effect of the initial concentration of MB is shown in Figure 7. The results show that the MB 

adsorption capacity increases with the increase in the initial concentration of dye, as would be expected. 

Similar behavior was obtained in the case of adsorption of methylene blue on Cu (II)-exchanged 

montmorillonite [17], and on cotton fiber [24]. To define the type of adsorption isotherm, we have 

represented the quantity of equilibrium adsorbed dye as a function of the equilibrium concentration of 

the solution (Figure 8). The comparaison of the adsorption isotherm of the dye on the silica gel with 

those established by Giles et al [25] shows that this isotherm is of type IV. This type of isotherm is 

obtained when only the first layer is in formation. 
 

 3.2.5. Adsorption isotherm 

The modeling of the experimental results by the Langmuir and freundlich isotherms, exploited in their 

linear form is represented on the figures 9-a and 9- b. 
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Figure 7: Variation of the amount adsorbed versus initial 

concentration of dye (T=25°C, t=240min, m=0.1g, 

V=100Ml, initial pH=6.3)                                     

Figure 8: Adsorption isotherms of MB on silica gel 

at T = 25 °C, time = 240min at the initial pH of MB. 

 
Figure.9: modeling of the experimental results (a) Langmuir, (b) Freundlich 

Table2: Langmuir and Freundlich parameters for MB adsorption. 

LANGMUIR FREUNDLICH 

qm (mg/g) KL (L/mg) R2 KF(L/g) n R2 

87.33 0.027 0.998 10.31 2.5 0.953 
 

From the values in Table 2, the best model for the representation of the results is the Langmuir model, 

the correlation coefficient is R2 = 0.998.Langmuir model is valid for monolayer coverage of adsorption 

of each molecule on a completely homogeneous surface. According to this model, once a dye molecule 

occupies a site, no further adsorption can take place at the same site. 

3.2.6. Effect of Temperature 

For better see the evolution of adsorption capacity as a function of temperature, we chose the 

representation of the adsorption capacity at equilibrium according to the temperature (Figure 10).  This 

curve (figure 10) contains two areas of evolution of the adsorption capacity: In the first part of this curve, 

for temperatures varying between 25 and 35 °C, a slight increase in the adsorption capacity is noticed 

when the temperature reaches 35 °C. In the second part between 35 and 65°C, there is an important 

growth of the adsorption capacity until the temperature reaches 65°C. 
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Figure 10: Variation of adsorption capacity of MB on silica gel as a function of temperature. (madsorpent=0.05g, 

Ci=100 mg/L, V=50mL, t = 240 min. initial pH=6.3) 
 

When the temperature increases, the reaction MB / silica gel becomes easier and we can confirm these 

results by calculating the thermodynamic parameters related to adsorption process (ΔG, ΔH, and ΔS) 

according to the equations: 
 

𝑙𝑜𝑔𝐾𝑑 =  
∆𝑆

2,3 𝑅
−

∆𝐻

2,3𝑅𝑇
                             (6) 

 
∆𝐺0 = ∆𝐻0 − 𝑇∆𝑆0                          (7) 

 

Where R is ideal gas constant, Kd distribution coefficient for adsorption,ΔS et ΔH entropy and enthalpy 

of adsorption. 

The plot of the experimental results is shown in the Figure 11. The values of ΔH and ΔS are grouped in 

Table 3 below. The analysis of these thermodynamic parameters shows that the adsorption process is 

done with spontaneous and favorable reactions (ΔG <0). The positive values of ΔH show that the 

reactions are endothermic, we note that entropy values are low. The same results were obtained by Yu-

Long on a montmorillonite [17] and Ghosh on a kaolinite [18], indicating that the adsorption is done by 

an endothermic process and with a spontaneous and favorable reaction. 

ΔG decreases with increasing temperature of the solution. This can be explained by the fact that the 

adsorption becomes easier. The negative values of ΔG indicate the feasibility of the adsorption process 

at room temperature and also the spontaneity of the adsorption reaction [19, 26].                                                                  

 
Figure 11: Plot of Log (Kd) versus 1/T for estimation of thermodynamics parameters for MB adsorption onto 

silica gel (madsorpent=0.05g, Ci=100 mg/L, V=50mL, t = 240 min. initial pH=6.3) 
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Table 3: the values of the thermodynamic parameters of MB adsorption on silica gel 

adsorbent T (°K) 
ΔG (kJ.mol

-1

) ΔH (kJ.mol
-1

) ΔS (KJ.K
-1

.mol
-1

) R
2

 

 

 

Silica gel 

298 -957.889  

 

251.693 

 

 

4.059 

 

 

0.993 

308 -998.479 

318 -1039.069 

328 -1079.659 

 

 

3.2.7. Adsorption kinetic studies 

The kinetic investigation is performed to determine the efficiency of dye adsorption onto adsorbent. 

Kinetic studies were fulfilled initial dye concentration of 100mg/L and a temperature of 25°C. Several 

kinetic models such as the pseudo first- and second order equations and intra-particle diffusion equations 

have been used to examine the controlling mechanism of the adsorption process. 

The linear pseudo-first order equation can be defined as [8]: 

log(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑜𝑔𝑞𝑒 −
𝐾1

2,303
𝑡                        (8) 

 

Where qt and qe are the amounts of adsorbed MB at time t and equilibrium (mg. g -1), respectively, and 

k1 is the rate constant of the pseudo first-order adsorption process (min-1). The slope and intercept of the 

plot Log (qe-qt) versus t (Fig. 11(A)) were used to determine the first-order rate constant (k1) and the 

amount adsorbed when the equilibrium (qe) was reached. The linear pseudo second-order equation is 

given as follows [8]: 

t

qt
=

1

K2 qe
2

+
t

qe
                       (9) 

 

Where k2 is the pseudo second-order rate constant (min-1.g .mg-1). The slopes of the plots t/qt versus t 

give the value of qe and the intercept give k2 (Fig.12 (B))      

All the results are summarized in Table 4. In addition to the linear regression, standard statistics of root 

also carried out to support the  Δq (%) wereaverage relative error  and )2=χmean squared error (RMSE

re the error of a model in tandard way to measua s isRMSE   model. kinetic best fit adsorption

 :Can be expressed as data.predicting quantitative  

𝜒2 = ∑
(𝑞exp −𝑞𝑐𝑎𝑙)

2

𝑞𝑐𝑎𝑙
     

𝑛

𝑖=1

                                   (10) 

Δq (%) Average relative error expressed as : 

Δ𝑞(%) = 100 (
∑

(𝑞𝑒𝑥𝑝−𝑞𝑐𝑎𝑙)
2

𝑞𝑐𝑎𝑙

𝑛
1

𝑛 − 1
)                       (11) 

kenetic dye uptake values observed experimentally and calculated using mg/g) (cal qand  expWhere, q

model, respectively. 

From the obtained results (table 4), it is deduced that the MB adsorption on the silica gel is better 

described by the pseudo-second-order equation. The correlation coefficient (R2) for the second-order 

kinetics equation is near 1.0. Calculated qe values showed good agreement with the experimental data 
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and we can confirm these results by calculating χ2 and Δq. The pseudo first order was unable to fit 

experimental data with low R2 and high χ2 value. These results suggest a chemisorption mechanism, 

involving covalent forces through sharing or exchange of electrons between sorbent and sorbate [27]. 

Similar trends have been reported by Ghorai et al [28], where the pseudo-second order kinetics generated 

the best fit in comparison to pseudo-first order. Fuat et al. [29] and Shasha et al [30] reported the same 

trend for adsorption of MB and CR respectively. 

 

Figure 12: Kinetics by the pseudo-first-order (A) and pseudo-second-order (B) models for MB dye adsorption 

on silica gel. 

Table.4. Pseudo-first and second order parameters for MB dyeadsorption 

pseudo-first-order 
 

qe(exp) 

mg/g 

79 

pseudo-second-order 

k1 (min-1) qe 

(mg/g) 

R2 χ2 Δq 

(%) 

k2 

(g/mg.min) 

qe (mg/g) R2
 χ2 Δq (%) 

0.0133 13.60 0.983 995 / 0.0052 78.86 0.999 1.79 19.88 

 

Comparison of adsorption capacity with different adsorbent reported in literature. 

Comparison of maximum adsorption capacities (based on the Langmuir adsorption isotherme) of using 

various adsorbents were reported in table 5. The results obtained experimentally in this study are very 

high compared to other investigations. This clearly indicates that the silica gel from Algerian siliceous 

by-products of kaolin can be used as an adsorbent for cationic dye removal.              

Table 5: Comparison of the maximum adsorption capacity of MB on various adsorbents 

Adsorbent Adsorption capacity (mg/g) References 

Fly Ash-based Geopolymer 37.04 [8] 

silica gel from Tunisian sands 83.33 [5] 

Wood ashes 50 [11] 

crushed brick 96.61 [31] 

cedar sawdust 142.36 [31] 

perlite 8.79 [32] 

Natural Zeolite 23.6 [33] 

Co3O4/SiO2 nanocomposite 53.87 [34] 

Silica gel from siliceous by- broducts of kaolin 80.45 This work  
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Conclusion 

This work was undertaken in order to exploit the by-products of kaolin (sand) for the preparation of 

silica gel and to study their potential retention of a cationic dye (methylene blue, MB). The obtained gel 

is amorphous which is promising for gel–glass conversion. Silica gel in the form of powder, obtained at 

pH 2, could reach a specific surface area up to 477 m2/g. These characteristics display a very porous 

texture and, consequently, a great capacity of adsorption for this gel. 

The results showed that the adsorption may reach 80% of the total adsorption capacity. The amount of 

MB adsorbed was found to increase with increasing initial dye concentration, solution pH and 

temperature. When varying the batch temperature from 25 to 65 °C, the adsorption capacity of silica gel 

was increased slightly. Experimental results showed that the temperature positively affects the 

adsorption phenomenon as the high energy input overcomes the repulsive forces localized at the 

interfaces of the liquid and solid media. 

The equilibrium data have been analyzed against Langmuir and Freundlich models. The characteristics 

parameters for each isotherm have been determined. The results indicated that the adsorption equilibrium 

data fitted well the Langmuir model with R2 values higher than 0.99. And this reveals that adsorption 

process corresponds to monolayer coverage of MB molecules over the surface of the silica gel sample. 

The pseudo-second order expression (R2 equals to 0.999) is better fitted to describe the adsorption 

kinetics. 
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