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 Today, many efforts have been made to use agricultural waste as a cheap and 
abundant resource for providing suitable adsorbents to remove pollutants such as 
industrial dyes. The aim of this study was to remove dye from water under 
different conditions using SBA-15 nano particles as adsorbents their silica was 
prepared from stem sweep ash (SSA). Fourier transform infrared spectroscopy 
(FTIR), scanning electron microscope (SEM), transmission electron microscope 
(TEM), X-ray diffraction (XRD) and N2 adsorption experiments were applied to 
evaluate the structural characteristics of obtained adsorbent. In addition, to 
remove Azure B dye by SBA-15, the optimal values were obtained as the 
parameters of contact time = 30 min, pH = 8, temperature = 65 °C, adsorbent 
amount = 0.01 g, stirring rate = 90 rpm and initial dye concentration = 100 mg/L. 
The kinetic and thermodynamic experiments were conducted on the adsorption 
process as well. The results of the experiments demonstrated that the total 
surface area and total pore volume of the adsorbent were 780 m2/g and 0.8483 
cm3/g, respectively. Moreover, the surface adsorption process of Azure B followed 
the Langmuir's isothermal model, and kinetic data followed the surface adsorption 
of pseudo-second-order kinetic model. Besides, the values of ΔH° and ΔS° were 
5409.32 j/mol and 37.28 j/mol K, respectively, and the maximum adsorption 
capacity of adsorbent was 166.66 mg/g.  

©2020 Razi University-All rights reserved. 
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1. Introduction 

 
Textile and dyeing industries are one of the industries that should 

pay special attention to the treatment of their effluents (Daneshvar et 
al. 2003). The textile industries produce effluents containing various 

chemicals which are poisonous, resistant to biodegradation and stable 

in the environment (Muhammad et al. 2008). Dyes as organic 

compounds are widely applied in numerous industries including textile, 
tannery and paper (Abo-Farha. 2010). Among the available dyes, 

about 60-70 % of the dyes used in the dyeing process are azo-
reactive ones, and about 10-50 % of these dyes enter into wastewater 

due to the relatively low stabilization efficiency compared to other dyes 
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(Kyzas. 2012). Reactive poisonous dyes are mutagenic and resistant 

to biological treatment, and their discharge into ecosystems has 
increased environmental risks (Belessi et al. 2009). These dyes are 

water-soluble and resistant to light and chemical agents as well as are 
not easily removed by conventional treatment technique (Gök et al. 

2010). Therefore, the management of reactive dye-containing 
wastewater is very important. 

Different methods including adsorption, photo catalysis as well as 
membrane and electrochemical processes have been used to remove 

organic pollutants from wastewaters. Among these methods, 

adsorption is a great way to improve the quality of the wastewater. Its 
advantages over traditional processes are its cost-effectiveness, ease 

of use and high ability to remove dyes (Lotito et al. 2014). 
In recent years, many studies have been conducted to find 

economical and effective adsorbents. Zeolites and porous silica 
materials which can be restored by preserving their original properties 

are one of the best adsorbents used in the process of removing dyes 
and heavy metals (Ghadiri et al. 2010). 

The silicon source in silicate compounds can be supplied from 

sodium silicate, silica gel, silicic acid, colloidal silica and amorphous 
solid silica (Kikuchi. 1999). Among the siliceous natural resources, the 

use of cheap stem sweep ash (SSA) in the preparation of silica 
powder and synthesis of zeolites for photo catalytic, isolation and 

petrochemical processes has also been reported (Thuadaij and 
Nuntiya. 2008).  

In 1998, a new family of regular mesoporous silica materials 
synthesized with high-density polyethylene and polypropylene oxides 

in acidic conditions using non-ionic copolymers was reported as well 

as it was mentioned that the tetraethoxysilane and tetramethoxysilane 
were used as a source of silica (Ulrich et al. 2010). Since then, among 

these silicate materials, SBA-15, next SBA-16 have been rapidly taken 
into account because of the desirable surface physicochemical 

properties such as low toxicity, biocompatibility and biodegradability, 
and this family is now the focus of attention for studies (Speybroeck et 

al. 2008).  
The use of natural materials and resources in the synthesis of 

chemical compounds is very important in terms of cost and 

environmental issues and the use of materials for various usages such 
as the methods for the remediation and treatment of commercial 

textile dyes present in textile wastewater has been rapidly developed 
in recent years. 

Agricultural waste such as sweep (sorghum) has little economic 
value and is unpleasant for the environment, and converting 

agricultural waste to silica in silicate materials can be a good solution 
to solve environmental problems for their consumption as well as to 

produce silica and cheap silicate materials (Azizi et al. 2014). 

Therefore, the aim of this study was to assess the ability of 
synthesized mesoporous SBA-15with natural silica source of SSA for 

adsorption of Azure B dye. To do so, factors affecting the adsorption 
phenomena including ambient pH, initial concentration of adsorbent, 

contact time, adsorbent amount, stirring rate and temperature were 
evaluated, too. The innovation of the current study is the use of 

agricultural waste like stem sweep as a cheap and abundant silica 
source to synthesize the SBA-15 and utilize this suitable adsorbent for 

removing Azure B industrial dye from aqueous solutions at a lower 
cost. 

 

2. Experimental 
2.1. Chemicals 

 
To synthesize the mesoporous SBA-15 and perform dye 

adsorption test, the sweep (sorghum) stem was provided from sweep 
fields in Mazandaran, Iran. NaOH (98 %) and H3PO4 were purchased 

from Merck and EO20-PO70-EO20 (Mav=5800) from Aldrich 
Company. Ethylene Azure B was obtained from the company of Fluka 

according to molecular formula: C15H16ClN3S, molar mass: 305.824 

g/mol and purity degree: 99 %. The chemical structure of the dye is 
shown in Fig. 1. All solutions were prepared using distilled water. 

 
Fig. 1. Chemical structure of the Azure B dye. 

2.2. Preparation of mesoporous SBA-15 particles 

 
In the preparation of mesoporous SBA-15 particles, the SSA was 

used as a source (Kalapathy et al. 2000). For this purpose, some 
sweep stems were first burnt to obtain the ash. Then, the SSA was 

treated with 1 mol of HCl for 5 hours and was calcined in an electric 
furnace at 600 °C. The 2.75 g calcined white ash was dissolved 2  

mol/L NaOH at 50 ºC, and the required silica solution formed the 
synthesis of the mesoporous SBA-15 particles. Similarly, synthesis of 

mesoporous SBA-15 was conducted based on our previous published 

paper (Azizi et al. 2013). In a synthesis of sample, 3 g of P123 
copolymer was dissolved 85 % H3PO4 solution at 40 °C in an oil bath 

under stirring. The prepared silicate alkaline solution was immediately 
added to this solution. Then, 1.84 g of H3PO4 was dissolved 5 mL 

water and added to the above solution, and the final volume of distilled 
water was reached to 80 mL. After mixing the solution for 2 minutes, 

the obtained gel was transferred to a polypropylene container and 
placed in oil bath at 40 °C for 48 hours. The prepared material was 

filtered, dried at 70 °C after washing with distilled water and finally was 

calcined for 5 hours at 250 °C and for 3 hours at 550 °C. 
Although, at this stage, due to the fact that there are different 

methods such as calcination, solvent extraction, ozone oxidation 
method and so on (Xiaoet al. 2006), complete elimination of template 

occurs based in calcination method on research (Xiangping et al. 
2019). For this reason, in the current study, it has been given priority 

over other methods. 
 

2.3. Characterization of SBA-15 particles 

 
Detection and characterization of synthesized SBA-15 were 

performed in the step-scanning mode 2θ using an X-ray diffraction 
(XRD) pattern and an X-ray diffractometer (GBC, MMA) with Cu Kα (λ 

= 1.5418◦A) and the scanning speed of 5◦/min. The framework 
vibrations of mesoporous SBA-15 were recorded on a FT-IR 

spectrophotometer (Bruker-Vector), in the range of 500-3500 
cm−1using KBr pellet. Moreover, evaluating the surface morphology 

and structure of synthesized samples was carried out using Scanning 

electron microscopy (FE-SEM; model Hitachi, S-4160). The samples’ 
special surface area was delineated based on the linear portion of the 

Brumauer-Emmet-Teller (BET, model BELSORP mini 100 
instruments) plots. The conventional Barret-Joyner-Halenda (BJH) 

method was applied to compute the pore size (diameter DBET) 
distribution according to the nitrogen adsorption data. In addition, and 

Transmission electron microscope (TEM) investigations of 
synthesized SBA-15 were performed on Philips CM10 instrument at 

an acceleration voltage of 100 kV. 

 
2.4. Adsorption experiments 

2.4.1. Preparation of dye samples 
 

The stock solution at a concentration of 500 mg/L was prepared 
via dissolving 0.5 g Azure B in one liter of distilled water. Experimental 

solutions with different concentrations were obtained through diluting 
the stock solution. Dye adsorption experiments were done to 

determine the effect of important parameters like contact time, pH, 
concentration, adsorbent amount and stirring rate of solution on 

removal of cationic Azure B. In this method, 25 mL of dye solution with 

certain concentration (100 mg/L) and initial pH of 5.5 were mixed with 
0.01 g of mesoporous SBA-15 and stirred at a constant speed of 150 

rpm in a rotary shaker. 
Samples were centrifuged for 15 minutes at different intervals in a 

centrifuge machine at 14000 rpm, and the adsorption amount of the 
filtered solutions was measured to determine the concentration of 

remaining dye using UV-Vis at a wavelength of 648 nm for Azure B. 
The amount of dye adsorbed onto the adsorbent at equilibrium, qe 
(mg/g) was calculated by the following formula: 

qe = (C0 − Ce)/w                                                              (1) 

where, Ce and C0 are the equilibrium and initial dye concentrations in 

mg/L respectively. W indicates the amount of adsorbent (g) and V 

illustrates the volume of solution (L). The percentage of dye removal 
was obtained by the Eq. 2. 

Removal percentage = (C0 − Ce)/Ce × 100                              (2) 

The dye concentration in different samples was measured Azure B 

using a Perkin Elmer Lambda UV spectrophotometer with a 
wavelength of 648 nm. P
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3. Results and discussion 

3.1. Adsorbent characterizations 
 

Fig. 2 illustrates an XRD spectrum of SSA and mesoporous SBA-
15. The sample’s reflection characteristics illustrate a single high-

intensity peak followed by two smaller additional peaks, namely, the 
(100), (110), (200) in the region 0-3 2θ/degree, confirming the 

symmetrical hexagonal structure (p6mm) of mesoporous SBA-15 (fig. 

2b) (Guet al. 2010).  
As shown in Fig. 2a, the XRD of extracted silica illustrates only a 

broad peak at 2θ=22, which is associated with amorphous silica and is 
extremely proper for easy dissolution in alkaline solutions to prepare a 

silicate solution. 

 
 

(a) (b) 

Fig. 2. X-ray diffraction (XRD) spectrum of (a) SSA and (b) mesoporous SBA-15. 

 

Morphology and microstructure of SBA-15 were assessed using 

SEM and TEM, respectively. The SEM image is presented in Fig. 3a. 
The Fig. 3a, exhibits structures including rods, spheres and a 

relatively uniform size of SBA-15 particles. The TEM image (Fig. 3b) 
of SBA-15 displayed that the sample was very porous, affirming the 

high mesoscopic order of the sample. This sample exhibited highly 
ordered pores which were hexagonally arranged with parallel 

channels, confirming the 2D (P6mm) structure of the sample. It is 
obvious that the mesoporous structure of SBA-15 was significantly 

consistent with the physisorption of nitrogen (N2) and XRD results of 
small angle. 

 
Fig. 3. (a) SEM and (b) TEM images of mesoporous SBA-15. 

 

Fig. 4a represents the N2 adsorption-desorption isotherm of pure 
silica SBA-15 at relative pressure (p/p0) from 0.8 to 0.99 and BJH 

desorption pore distributions of mesoporous SBA-15 illustrate in Fig. 
4b. The reason for the relatively sharp inflection can be due to 

capillary condensation (type IV isotherms), affirming the mesoporous 

structure of the sample. Moreover, the isotherm of SBA-15 
demonstrated H4 hysteresis. Table 1 suggests the results of BET and 

BJH analysis. The average size of mesoporous pores of SBA-15 was 
4.34 nm, which was in good line with the results of TEM (Kumaran et 

al. 2007). 
 

Table 1. Structural parameters of mesoporous SBA- 15 obtained from 
nitrogen adsorption. 

Materials 

Total 

surface 
area, m2/g 

Mean Pore 

Diameter, 
nm  

Total Pore 

Volume, 
mL/g 

Primary 

mesopore 
Volume, 

ml/g 

SBA-15 780 4.349 0.8483 0.66 

BJH pore size distribution (b) of mesoporous SBA-15 Fig. 5 

indicates the infrared spectra of the mesoporous SBA-15. The 

adsorption bands of SBA-15-based materials at 1100.17 cm-1 and 
880.26 1/cm were assigned to the Si–O–Si asymmetric and symmetric 

stretching vibration, respectively (Li et al. 2019). Besides, the 

adsorption band at about 980 cm-1 was related to Si-OH bending 
vibration. The width of broad peak ranged from 3300 to 3550 1/cm 

and band at 1629.27 1/cm were attributed to the asymmetric 

stretching vibration surface silanol groups (Si–OH) of physisorbed 
water molecules and bending, respectively (Xing et al. 2017). 

 
(a) 

 
(b) 

Fig. 4. N2 adsorption-desorption isotherms (a) and the corresponding 

BJH pore size distribution (b) of mesoporous SBA-15. 
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Fig. 5. FT IR spectra of prepared mesoporous SBA-15. 

 

3.2. Evaluating the parameters affecting the adsorption process 
3.2.1. The effect of contact time and dye initial concentration  

 
Adsorption of Azure B on mesoporous SBA-15 was investigated 

by changing the initial concentration of dye in the test solution. To do 

so, 25 mL of dye solution with concentrations of 20, 30, 40, 60, 80 and 
100 mg/L, initial pH of 5.5 and 0.01 g adsorbent were stirred at 

different contact times at 150 rpm and 25 oC. Fig. 6 illustrates that the 
adsorption capacity (qt) increases with time, then reaches a constant 

value and more dye no longer removes from the solution. At this point, 
the amount of adsorbed dye on adsorbent was in dynamic equilibrium 

with the amount of desorbed dye from the adsorbent. Increasing the 
initial concentration of dye from 20 to 100 mg/L resulted in an increase 

of the adsorption capacity from 72.74 to 82.32 % for Azure B. 

 
Fig. 6.  Effect of contact time on Azure B adsorption (pH = 5.5, 

solution stirring rate = 150 rpm, adsorbent amount = 0.01g, 

temperature = 25 °C in different initial concentrations). 
 

3.2.2. Effect of adsorbent amount on dye removal 
 

Adsorption of Azure B on mesoporous SBA-15 was investigated 

by changing the amount of adsorbent in the test solution. For this 
purpose, 25 mL of dye solution with a concentration of 100 mg/L, 

initial pH of 5.5 and 0.003-0.09 g adsorbent were evaluated at 150 
rpm and 25 oC for 30 minutes. Fig. 7 represents the Table percentage 

of dye removal based on increased adsorbent amount, and the results 
suggest that the maximum adsorption is achieve at 0.01 g adsorbent, 

leading to equilibrium. Obviously, the adsorption was enhanced by 
increasing the amount of adsorbent due to the enhanced adsorbent 

surface as well as more adsorption sites’ availability. Therefore, 0.01 g 

adsorbent was selected as the optimum amount for subsequent 
experiments. 

 
3.2.3. The effect of stirring rate of solution 

 
The stirring rate of solution is an important parameter in 

adsorption phenomenon and affects the distribution of solutes in 

soluble and adsorbent masses. In order to investigate the effect of 

stirring rate on adsorption amount, 25 mL dye solution with 100 mg/L 
concentration was stirred at various speeds of 90, 150 and 180 rpm. 

  

 
Fig. 7. Effect of adsorbent amount on dye removal (dye solution 

concentration = 100 mg/L, contact time = 30 min, pH = 5.5, solution 

stirring rate = 150 rpm, temperature = 25 °C). 

 
The results are shown in Fig. 8. The stirring of the solution 

enhanced the transfer of the solutes from soluble masses to 
adsorbent sites, which resulted in the increase of adsorption rate. As 

the stirring speed elevates, the external mass transfer increases 
slowly. 

 
Fig. 8. Effect of stirring rate on Azure B adsorption (dye solution 

concentration = 100 mg/L, pH = 5.5, temperature = 25 °C). 
 

3.2.4. Effect of temperature on dye removal 
 

To determine the effect of temperature on adsorption amount, 25 
mL of dye solution with 100 mg/L at different temperatures of 25, 45 

and 65 °C was prepared. Fig. 9 displays the percentage of dye 
removal with growing temperature. Generally, the temperature has 

two effects on the adsorption process. Firstly, with the increase of 

temperature, the propagation rate of adsorbate molecules across the 
inner and outer layers of the adsorbent particles increases due to the 

decrease in the viscosity of the solution. Secondly, the equilibrium 
capacity of adsorbent is changed with increasing temperature for the 

adsorbates.  
 

3.2.5. pH effect on dye removal 
 

The pH of dye solution plays a key role in the adsorption process, 
in particular, adsorption capacity and affects the ionization degree of 

the materials present in the solution, surface charge of adsorbent, 

chemistry of dye solution and dissociation of functional groups on 
active sites of adsorbent. The effect of the pH on the adsorbed dye 

amount was investigated through changing pH in the range of 2-10. 
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Fig. 9. Temperature effect on dye adsorption (dye solution 

concentration = 100 mg/ L, contact time = 30 min, pH = 5.5, solution 
stirring rate = 150 rpm). 

As indicated in Fig. 10, the dye adsorption increases with rising pH 
from 2 to 8 and then does not increase significantly. At low pH, the 

surface charge of adsorbent was positive; as a result, the cationic 
dyes were not adsorbed due to the electrostatic repulsion, and the 

effective competition between H+ ions and dye cations reduced the 
adsorbed dye amount. At high pH, the surface charge of adsorbent 

was negative; as a result, the adsorbed dye amount was increased 

due to the electrostatic attraction force of the dye cationic molecules 
and negative charge surface of the adsorbent. 

 
Fig. 10. Effect of pH on adsorption of Azure B. Conditions: dye 

solution concentration=100 mg/L, contact time = 80 min, solution 
stirring rate = 90 rpm, temperature = 65 °C. 

 

3.3. Adsorption equilibrium isotherms 
 

The purpose of adsorption isotherms is to establish a relationship 
between the adsorbate concentration in the adsorbed amount and 

solution during the interactions between adsorbent and adsorbate. 
Adsorption data in this study are described with Langmuir, Freundlich 

and Temkin adsorption isotherm models. An adsorption isotherm is 
identified with a series of certain constants so that the constant values 

obtained for each isotherm express the surface properties as well as 

the tendency of adsorbent and adsorbate. 
The linear form of the Langmuir (3) and Freundlich (4) equations is 
represented as: 

(1/(qmax Kl)) +  (1/qmax)Ce = Ce/qe                                          (3) 

lnqe = lnKf + (1/nf)                                                                       (4) 

The adsorption data are illustrated in Table 2 with the linear form of 

the Langmuir and Freundlich isotherm. The linear plot of Ce/qe versus 

Ce gives KL is the slope and qmax is the intercept as the results for 

Langmuir isotherm (Fig. 11). 

 
Fig. 11. Langmuir isotherm surface adsorption in adsorbing Azure B 

by SBA-15. 

To study the Freundlich isotherm and calculate KF and 1/nf values 

based on intercept and slope, the plot of lnqe versus lnCe was drawn 
(Fig. 12). Higher KF values indicate a greater adsorption tendency of 

adsorbate toward adsorbent, and 1/nf is a heterogeneity factor 
expressing the adsorption intensity. The values obtained for KF and 

1/nf are displayed in the Table 2. 

 
Fig. 12. Freundlich isotherm surface adsorption in adsorbing Azure B 

by SBA-15. 

Table 2. Modeling results of adsorption isotherms of dye Azure B on 

mesoporous SBA-15 mesoporous SBA-15 obtained from nitrogen 

adsorption. 

Isotherms Parameters 

Langmuir  

g/mg, maxq 166.66 

LK 0.6 
2R 0.978 

Freundlich  

Fn 5.31 

FK 85.62 
2R 

Temkin 
g/L, TK  

B 
2R 

0.946 

 
93.70 

2.112 

0.954 

On the other hand, the interactions between adsorbent and 

adsorbate are clearly shown by a factor of Temkin isotherm. Through 

ignoring the very large and low value of concentrations, the Temkin 
model presumes that the adsorption heat (function of temperature) of 

all molecules in the layer would reduce linearly than logarithmic with 
coverage (Tsai et al. 2016). The linear form of this isotherm model is 
as follows (5): 

qe = B lnA + B lnCe                                                                                 (5) 

where, A is the equilibrium binding constant corresponding to the 

maximum binding energy (L/g), B = RT/b, b is the Temkin constant 
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related to heat of sorption (J/mol), T is the absolute temperature (K) 

(Tsai et al. 2016) and R is the gas constant (8.314 J/mol K). 
According to the results of Table 2, it can be stated that due to the 

higher squared correlation coefficient (R2) obtained for the Langmuir 
isotherm than that for the Freundlich isotherm, the equilibrium 

adsorption data follow the Langmuir isotherm well; therefore, the 
single coat of Azure B layer affects mesoporous particles and confirms 

the homogeneous distribution of active sites on the adsorbent. 

 

Fig. 13. The Temkin isotherm plot for Azure B dye adsorption on 

mesoporous SBA-15. 
 

3.3.1. Comparing the findings of this study with other studies 
 

Evaluating different isotherms in the ongoing study demonstrated 
that the Langmuir isotherm was the most suitable isotherm to explain 

the adsorption process; hence, the value of qmax= 166 mg/g taken from 
the above calculations was compared with that gained from other 

results of other studies in Table 3. In this Table, by examining the qmax 

obtained from adsorbents originating from agricultural wastes such as 
activated carbon of rice ash and palm leaf, it is observed that the 

value of qmax in the present study, i.e. the SBA-15 synthesized by 
sweep ash is higher. Moreover, the maximum adsorption gained by 

this adsorbent was comparable to synthesized adsorbents such as Ni-
SBA with tetraethoxysilane as the industrial silica source. On the other 

hand, Table 4 illustrates a comparison between the adsorption of 
different dyes such as Janus Green B, Methylene blue and so on and 

that of SBA-15 adsorbent. By examining the adsorption of different 

industrial dyes on the SBA-15 substrate, it was observed that the 
synthesized SBA-15 in the present study had a significant adsorption 

capacity for Azure B molecules, and the uniform distribution of active 
sites on it responded well to adsorption and interaction of Azure B 
particles. 

Table 3. Comparison of adsorption performance of mesoporous SBA-

15 for Azure B adsorption with other adsorbents. 

Adsorbent 
Adsorption 

capacity, mg/g 
References 

Rice husk activated 

carbon 
144.93 

Duraisamy et al. 

2015 
Palm leaf 41.49 Zhu et al. 2014 

Raw KT38 kaolin 
Ti-SBA-15 

CNTs/Zn:ZnO@Ni2P-

NCs 

52.8 
208.3 

38.6 

Mouni et al. 2018 
Qiang et al. 2019 

Alipanahpour et al. 

2019 
SBA-15 166.6 This work 

 

3.4. Adsorption thermodynamics 
 

The effect of temperature on the adsorption process of the Azure 
B solution with adsorbent dosage of 0.01 g/L at pH=8 was assessed 

at different temperatures of 25, 45 and 65˚C. The study of 
thermodynamic parameters such as Gibbs free energy (ΔG°), 

enthalpy change (ΔH°) and entropy change (ΔS°) illustrated the 
possibility of performing the adsorption process. The van't Hoff 

equation was applied to gain the value of these parameters, (Eq. 6) 
(Aharoni and Ungarish. 2016). 

log qe/Ce =  Δs°/2.303 R + (−∆H)/2.303 R    (6) 

ΔH° = ΔG° −  T ΔS° 

The acquired values of ΔH◦, ΔS◦ and ΔG◦ are presented in Table 5.                      

Table 4. Comparison between the adsorption of different dyes on 
mesoporous SBA-15. 

Adsorbents Dyes 
Qmax, 

mg/g 
Reference 

SBA-15 Methylene blue 49.26 
Huang et al .

2011 

SBA-15 Janus Green B 66.44 
Yanling et al. 

2010 

SBA-15 Methylene blue 280 
Yanling et al. 

2010 

SBA-15 

SBA-15 
SBA-15 

Methyl violet dye 

Brilliant green  
Azure B 

9.4 

119 
166.6 

Nesic et al 2019 

Asif  et al. 2019 
This work 

 

Table 5. Thermodynamic parameters for Azure B adsorption on 
mesoporous SBA-15. 

Temperature, 

K 

∆G◦, 

j/mol 

∆H◦, 

j/mol 
∆S◦ 

338 
318 

298 

−7191.3 
−6445.72 

−5855.08 
5409.32 37.28 

Negative changes in the Gibbs free energy indicate that the 

adsorption process is spontaneous, and the positive standard 

enthalpy changes display that the reaction is endothermic. On the 
other hand, the positivity of the standard entropy changes in the 

system illustrates an increase of disorder in the solid-solution 
interface. 

 
3.5. Adsorption kinetics and mechanism determination 

 

To determine the dye adsorption rate, the linear form of pseudo-
first and second-order kinetic equations was used. The results of the 

performed experiments in optimum conditions and the amount of 
Azure B (mg/g) adsorbed on the adsorbent at any moment are 

presented in Table 6. These results indicated that the adsorption of 
Azure B was balanced at all concentrations after 80 min. The plot of 

Log (qe-qt) versus t is shown in Fig. 14 to examine the pseudo-first-
order mechanism. This plot was nonlinear and the calculated qe values 

(qe, cal) of this kinetic model were much lower than the experimental 

qe values (qe,exp); hence, the adsorption process did not follow the 
pseudo-first-order kinetics; as a result, the propagation process 

through the boundary layer did not control the rate of the adsorption 
process. According to Table 6, the low values of the correlation 

coefficient confirm that the adsorption process does not follow the 
pseudo-first-order kinetic model. 

 
Fig. 14. Pseudo-first-order rate of Azure B adsorption by SBA-15. 

The pseudo -second-order rate constants K2 and qe were 

obtained based on intercept and slope, respectively, the plot of t/qe 
versus t was drawn (Fig. 15). These values and line's R2 are reported 

in Table 6. The very good agreement of the calculated qe values 
(qe,cal) with the experimental values qe (qe,exp) and the line obtained 

with high R2 indicated that Azure B adsorption on SBA-15 followed the 
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pseudo-second-order kinetic model and chemical interactions 
controlled the rate of the adsorption process. 

Table 6. Comparison of kinetic constants of pseudo-first- and –

second-order kinetic models for Azure B adsorption on mesoporous 
SBA-15. 

Pseudo-second-order rate 

K2, g/mg h qe, mg/g R2 

2.28×10-3 250          0.999 

Pseudo-first-order rate 

K2, g/mg h qe, mg/g R2 

0.041 38.9 0.864 

 
Fig. 15. Pseudo-second-order rate of Azure B adsorption. 

 

3.5. Desorption and regeneration studies 
 

A good adsorbent must demonstrate good regenerative capacity 

for multiple uses in addition to excellent adsorption. In order to 
investigate the maximum desorption efficiency, the Azure B desorption 

was initially evaluated by adjusting 10 mL of 0.1 mg/mL Azure B at pH 
= 8 and was dispersed after adding 20 mg of mesoporous SBA-15 for 

24 hours.After adsorption, the saturated mesoporous SBA-15 was 
removed and placed in 10 mL of deionized water. The pH value of the 

system was adjusted to 1 for desorption. The Azure B concentration 
was measured by the UV-V is spectrometer every 10 minutes for 2.30 

hours. In other words, electrostatic repulsion can play an important 

role in the process of adsorption and desorption at pH = 1. 
Fig. 16 exhibits the results of the studies on desorption. The 

results suggested that after six periods of the absorption-desorption 
process, when the time reached 130 min, the Azure B desorption 

efficiency was about 94.98 %, indicating the good reusability of the 
SBA-15 nano particle for absorbing the cationic dye Azure B. 

 
Fig. 16. Desorption efficiency for Azure B on mesoporous SBA-15 

(Concentration of Azure B and adsorbent are maintained at 0.1 mg/ 
mL and 2 g/L at 298 K, respectively). 

4. Conclusions 

 
According to the present study, the SBA-15 as a good, green and 

inexpensive adsorbent with high adsorption capacity (166.6 mg/g) is 
highly effective in absorbing Azure B dye. Experimental data suggest 

that the adsorption capacity depends on variables such as pH, 
temperature, stirring rate, adsorbent amount, contact time and initial 

dye concentration. The linearity of the plot of t/qt versus t with high R2 

and the proximity of the calculated qe values and experimental qe 

revealed the pseudo-second-order model which was provided the best 

fit to the experimental data, demonstrating that a chemisorption 
mechanism takes part in the adsorption process. The study of 

equilibrium experimental data based on Langmuir, Freundlich and 
Temkin isotherms indicated that the Langmuir model had better match 

with experimental data compared to other models. According to 
thermodynamic studies, the absorption process of Azure B on the 

synthesized SBA-15 is endothermic and spontaneous. 
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