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      In this study, SBA-15-PAMAM mesoporous nano-adsorbent was synthesized, characterized and applied for adsorption of acid dyes 
(acid blue 62 (AB62) and acid red 266 (AR266)) from aqueous Media. Adsorption of AB62 and AR266 on SBA-15 ordered mesoporous 
silica, polyamidoamine functionalized SBA-15(SBA-15-PAMAM), has been investigated. To evaluate the synthesized adsorbent 
constructional, FT-IR (Fourier transform infrared spectroscopy), TEM transmission electron microscopy images and XRD (X-ray 
diffraction) methods were utilized. To investigate and compare the adsorption of two acid dyes with each other, the chemical structure and 
molecular mass of two acid dyes on the synthesized nano-adsorbent is compared with each other. The acid blue 62 dye with the structure of 
Anthrachinon (MW = 422.43) and the acid red 266 dye with the structure of Azo (MW = 467.78) is compared with each other. To appraise 
the proficiency of this nano-adsorbent for adsrption of two acidic dyes from aqueous media, the efficacy of significant parameters 
comprising pH (2-10), adsorbent dosage (0.01-0.1 g), dye concentration (200-600 mg g-1), contact time (10-120 min) and temperature (25-
45 °C) was investigated. The Langmuir, Freundlich, Tempkin and Dubin Radushkevich isotherms were perused. The empirical data were 
best demonstrated by the langmuir isotherm model with utmost adsorption valence of (1428.57 mg g-1) for dye AB62, and (1111.11 mg g-1) 
for dye AR266 at pH 2 and 25 °C,  in absolute agreement  with the empirical data (R2 > 0.9933) for dye AB62 and (R2 > 0.9914) for dye 
AR266. It was concluded that SBA-15-PAMAM adsorbent could be applied as a significant adsorbent for acidic dyes removal. 
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INTRODUCTION 
 
      Dyes are extremely utilized in many resources, as 
textiles, dyeing, printing, producing of dyestuffs, paper, 
rubber, plastics, leather, etc.; and as a result, they produce a 
remarkable quantity of polluted wastewater [1-3]. 
      Synthetic dyes are a significant category of rebellious 
organics and are mostly discovered in the environment as a 
result of their extensive usage. These industrial 
contaminants are prevalent pollutants in wastewater and are 
thought to decline because of their intricate aromatic 
structure and synthetic source. They are generated on a wide 
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extent [4]. Over dyeing procedure expansion and industries, 
one of the original contamination resources and 
successively a popularize problem in many countries, is dye 
effluent. The dye effluents could mean disastrous effects on 
the mammals and aquatic toxicity, and heart diseases in 
humans. Therefore, they should be eliminated from 
wastewater before offloading into water [1-5]. 
      A category of dyes consisting sulfonic groups are acidic 
dyes which are generally utilized with fibers such as silk 
polyamide and wool. This group is distinguished from the 
azo group which is known as a significant and extensive 
category of synthetic dyes. The azo bonds could be 
transformed into carcinogenic and mutagenic aromatic 
amines over chemical reactions in water flows, causing their  
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instantaneous removal from the wastewaters [1-5]. Several 
chemical, physical and biological methods have been 
performed to remove the dyes from the wastewaters and 
diminish their effects on the environment. Though several 
biological and chemical procedures are appropriate in dye 
removal techniques, they need several exclusive equipment 
and are commonly high energy consumer. Besides, these 
techniques often produce excessive byproduct values. 
Amongst all the mentioned techniques, physical adsorptions 
were found to be effective and economic techniques for dye 
removal. Physical adsorption leads to transfer the particles 
from the wastewater to a solid phase by keeping the 
wastewater volume at an inferior range. In this case, a wide 
quantity of novel stuffs was utilized as adsorbents [1-3]. In 
the past two decades, mesoporous silica (MPS) such as 
SBA-15, SBA-3, MCM-48, MCM-41 were considered as 
potential adsorbents with a broad span of usages. These 
silica surfaces benefit from the identical pore formation, 
pore monotone structure, porous mass, thermal and 
mechanical consistency and ultra-wide susceptibility for 
modification [6-7]. Porous manufacture and texture to its 
excellent properties allow easier for them to provide active 
sites target molecule [8,9]. So, they are applied for a 
diversity of usages indicating their good proficiency. SBA-
15, as one of the mesoporous silica compounds with high 
arrangement, has attracted the great interest due to its major 
mesoporous valence, massive surface area (3-6.5 nm), 
thicker pore walls, extremely thermal, hydrothermal 
consistency, extensive pore size (4.5-29 nm), limtted 
distribution in other mesoporous silica constructions. 
Besides, it discloses the micropores attendance that is in 
revision to the pore frontiers. Therefore, it is essential to 
comprehend definition and functionalization maintenance of 
SBA-15 for extensive dyes adsorption valence [10]. 
Dendrimers are a category of molecules by an extremely 
branched structure with an extremely arrangement, dense 
structure, and some end groups which have some space 
among branches to absorb guest molecules. Dendrimers are 
safe, and have low toxicity [11]. Functionalized dendrimers 
prepare the probability of dye removal from liquid-solid or 
liquid-liquid systems [12]. In this research, SBA-15 was 
synthesized, functionalized by PAMAM dendrimer, and 
then applied as a nano adsorbent for  (AB62)  and (AR266) 
dyes removal.  The  efficacies  of  

 
 
operational parameters such as pH, SBA-15 dosage, initial 
dye concentration, and temperature on dye removal were 
investigated to evaluate the adsorption valence of SBA-15-
PAMAM. The Langmuir, Freundlich, Tempkin and Dubbin 
Radushkevich isotherms were applied to provide 
appropriate equilibrium data. 
 
EXPERIMENTAL 
 
Chemicals and Methods 
      The TEOS (tetra-ethylorthosilicate, 99%, Merck), and 
the P123 surfactant (EO20PO70EO20) were prepared from 
Sigma-Aldrich. HCl (hydrochloric acid, 37.8%), and 3-
(chloropropyl)trimethoxysilane were prepared from Merck. 
The C.I. acid blue 62 dye and C.I. acid red 266 were 
prepared by Dystar Corporation. The dyes' chemical 
structures are represented in Fig. 1. PAMAM dendrimer 
(G=0) was prepared from the (Sigma-Aldrich) (Fig. 2). 
Other chemicals were prepared from Merck. 
      For considerations the samples absorbance, the 
spectrometer PG instrument, and T80+ UV-Vis 
spectrophotometer were utilized. The surface specifications 
of SBA-15 identified by TEM (transmission electron 
microscopy) perception were performed with a Hitachi, 
HF2000, Hitachi High-Technologies Europe GmbH and 
Krefeld, FTIR (Fourier transform infrared, Perkin-Elmer 
Spectrophotometer Spectrum 400), and also the patterns of 
XRD (X-ray diffraction; Bruker D8 ADVANCE with Ni-
filtered Cu Kα radiation at 1.5406 Å) were performed with a 
step of 0.05° and speed of 2° min-1. 
 
Synthesis of SBA-15 
      SBA-15 was synthesized based on the procedure 
proposed by Stucky et.al. [13]. Accordingly, pluronic-123 
surfactant (4 g) was mixed with 125 cm3 of HCL (1.9 M). 
The homogenized mixture was obtained by stirring 
consistently and continuously at a temperature of 40 ºC. The 
TEOS (8.58 g) was then increased to the solution and stirred 
for 20 h. The prepared mixture was set at 100 ºC for 24 h, 
and the obtained solution was dried, filtered and then at   
550 °C was calcined for 10 h.  
 
Synthesis of SBA-15-Cl 
      SBA-15-Cl   was    provided      bythe    functionalization 
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procedure utilized by Adam et al. [14]. A reaction mixture 
including 9.42 gram of 3-(chloropropyl) triemethoxysilane 
and 10.0 gram of SBA-15, in 15 ml of toluene were 
provided and for 15 min was magnetically shaken at 24 °C 
and refluxed for 24 h. The reflex blend was cooled, filtered 
and frequently washed with toluene, acetone and methanol 
severally, and then was dried for 4 h under a  vacuum  oven 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
at 70 °C to prepare SBA-15-Cl (Fig. 3). 
 
Synthesis of SBA-15- PAMAM  
      PAMAM dendrimer was linked on SBA-15 
functionalized by 3-chloropropyl-trimethoxysilane. For this 
case, PAMAM dendrimer (5.16 g) was increased to SBA-
15-Cl (1 g) and in 50 ml of dry toluene was dispersed. Then,  
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Fig. 1. The chemical structure of (a) acid blue 62, and (b) acid red 266. 
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Fig. 2. The chemical structure of PAMAM dendrimer (G0). 

 
          Table 1. Characteristics of AB62 and AR266 
 

Name CAS number C.I. number 

 

Formula Molecular weight 

(g mol-1) 

Λmax 

(nm) 

Acid Blue 62 4368-56-3 62045 C20H19N2NaO5S 422.43 
620 

 

Acid Red 266 57741-47 17101 C17H10ClF3N3NaO4S 467.78 540 
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the blend was refluxed at 70-80 °C for 24 h while stirring; 
the prepared substance was filtered, washed with toluene, 
ethanol and diethyl ether, and was dried at  
70 °C for 8 h. The produced materials were signified as 
SBA-15- PAMAM (Fig. 4) [15].  
      The structures of SBA-15 linked with 3-chloropropyl-
trimethoxysilane and PAMAM dendrimer is displayed in 
Figs. 3 and 4. Surface modification upon SBA-15 is applied 
by post-synthesis linking process. The SBA-15-Cl 
modification of SBA-15 was performed applying 3-
chloropropyl-trimethoxysilane as the sialylation reagent. 
The  PAMAM  dendrimer’s  amine  end  groups   were  then 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
linked upon SBA-15-Cl.  
 
Adsorption Studies 
      Dye absorption mensuration was performed using  
(0.01-0.1 g) of SBA-15- PAMAM for AB62 and AR266 in 
100 ml of (40-600 ppm) solution at different pHs (2-12) and 
different temperatures (25-45 °C) for various times (15-120 
min). The pH of solution was adjusted by buffer solution, 
and at the end of the adsorption process, samples were 
centrifuged at a speed of 4000 rpm for 40 min to evaluate 
the dye concentration. The maximal wavelength of 
adsorption  (λmax)   was  applied   to   define  the  AB62  and  

 
Fig. 3. Chemical structure factor of SBA-15-Cl. 

 
 

 
Fig. 4. Scheme of the SBA-15- PAMAM preparation. 

 
 

 
Fig. 5. TEM image of SBA-15. 

 



 

 

 

Adsorption of Acid Dyes on Modified Mesoporous SBA-15/Phys. Chem. Res., Vol. 6, No. 3, 565-581, September 2018. 

 569 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AR266 concentration in the solution applying the UV-Vis 
spectrophotometer adjusted, respectively, at 620 nm and 
524 nm.  
      The amount of dye adsorbed upon SBA-15- PAMAM 
and the percentage of dye removal were estimated by the 
following Eqs. (1), (2) and (3) [16,17]: 
 
      V

W
CCq e

e 


 0                                                            (1)                                                                                     

 
      V
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CCq t

t 


 0                                                             (2)                                                                        

                                          
where qe and qt are, respectively, the amount of dye 
adsorbed at equilibrium and at any time upon adsorbent 
(SBA-15-PAMAM mg g-1). Ct is the dye concentration   
(mg l-1) after adsorption time t, C0 and Ce are, respectively, 
the primary and ultimate concentrations of dye (mg l-1). W is 
the adsorbent’s weight and V is the dye of bath volume.  
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Here R% is the percentage of dye removal, A1 and A0 are, 
respectively, the primary dye adsorption after and before 
adsorption procedure. 
 
RESULTS AND DISCUSSIONS  
 
Surface Characteristics 
      TEM were utilized for specification of the synthesized 
SBA-15 morphology. Figure 5 demonstrates TEM figure 
via the electron beam adequate to the alignment of original 
SBA-15 channels. The SBA-15 demonstrates manufacturing 
of hexagonal full oriented mesoporous which beforehand 
observed by Cheng et al. [18,19].  
      Figure 6 demonstrated the SBA-15 and SBA-15- 
PAMAM FT-IR spectra. In SBA-15, the 801 and 1100 cm-1 
bands are dependent upon the symmetric and anti-
symmetric  fluctuations  of  Si-O-Si  bond.  In  SBA-15,  the  

 
Fig. 6.  FT-IR spectra of SBA-15 and SBA-15-Den. 
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band at 3450 cm-1 with an immense absorption is attributed 
to the -OH fluctuations stretching of silanol groups. In 
SBA-15-PAMAM, the wide band at 3411 cm-1 should be 
assigned to the O-H stretching arising from the fluctuations 
of silanol groups and water molecules adsorbed. The 
asymmetric and symmetric -NH2 stretching groups of SBA-
15-PAMAM represent IR bands at 3297 and 3411 cm-1.  
      The increments in the number of SBA-15-PAMAM 
amine end groups indicate that the connotation of 
asymmetric-symmetric and the C-N stretching band and      
-NH2 stretching band could be comprehended at 1462-1556 
cm-1 [20-22].   
      Figure 7 represents the Low angle XRD patterns of 
SBA-15 and SBA-15-Den. The XRD patterns represents 
proficiently defined diffraction peak at 2Ɵ = 1.1◦ and two 
weak peaks at 1.7◦ and 2◦ due to (1 0 0), (1 1 0) and (2 0 0) 
reflections demonstrationing the second dimentional 
hexagonal mesoporous structure for SBA-15. SBA-15-
PAMAM was also assessed by the same pattern (Fig. 7b) 
representing the linking of PAMAM Dendrimer and the 
morphological integrity of SBA-15. 
      The stiffness of predominant peak at 2Ɵ = 0.91 assigned 
to  the  (100)  diffraction  peak  [23]  diminished  within  the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
surface functionalization stages because of the diminishing 
the spreading strength of SBA-15 wall within 
functionalization [24,25]. 
 
Adsorption Studies 
      Effect of pH. One of the substantial variables for acid 
dyes removal from wastewater is pH [26,27]. The 
adsorption valence was determined pH variations, from 2 to 
12, as other variables such as the quantity of SBA-15-
PAMAM nano-adsorbent, temperature and acid dye 
concentration are steady. The consequence of pH variations 
on the efficiency of dye removal is represented in Fig. 8. 
The dye initiative concentration and the adsorbent quantity 
were 40 mg l-1 and 0.01 g. The adsorption of acid dye 
elevates whenever pH increased from 2 to 12. According to 
Fig. 8, the removal efficiency at pH 2 is 77.86% and at pH 
12 reduces to 4.7%. It could be conceivable the   
protonation of adsorbent surface at lower values of   pH  
that expresses the poverty of acid dye molecules.          
Thus, probable cause of high concentration of H+            
ions in extenuates pH; it should assert together with 
molecules of acid dye in nano-adsorbent active sites. 
Whereas  pH   increment,  the  rivalry  among  H+  ions  and  

 
Fig. 7. Low angel XRD patterns of (a) SBA-15 and (b) SBA-Den. 
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molecules of acid dye at active sites of Nano-adsorbent 
diminishes; terminate in diminishing adsorption valence 
[28]. 
    
Effect of Adsorbent Dosage  
      The consequence of SBA-15-PAMAM nano-adsorbent 
dosage was investigated for acid dye adsorbent (0.01 to 0.1 
g), at the pH of 4, and 40 mg l-1 dye concentration in 100 ml 
of acid dye solutions. The results are displayed in Fig. 9. By  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
elevating dosage of adsorbent up to 0.03 g, removal 
efficiency elevated as predicted. At quantity of 0.03 g, the 
maximum efficiency is 94.071%. However, addition of 
uttermost nano-adsorbent did not change the removal 
efficiency likely because of the agglomeration of nano-
adsorbent molecule [29-31]. Thus, the value of Nano-
adsorbent (0.03 g) is demonstrated as the optimum nano-
adsorbent quantity for removal of acid dye. 

    
Fig. 8. Effect of pH on (a) AB62 and (b) AR266 removal (100 ml of 40 mg l-1 acid dye, time = 2 h, T = 25 °C  

                        and the amount of adsorbent = 10 mg). 
 
 

  
Fig. 9. Effect of SBA-15, SBA-15-Cl, SBA-15-PAMAM adsorbent amount on (a) AB62 and (b) AR266 removal 

                     (100 ml of acid dye solution with 40 mg l-1 concentration at 25 °C and pH 4). 



 

 

 

Mirzaie et al./Phys. Chem. Res., Vol. 6, No. 3, 565-581, September 2018. 

 572 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Effect of Contact Time and Temperature  
      Acid dyes adsorption utilizing SBA-15-PAMAM nano-
adsorbent as though a subordinate of contact time was 
propagated as a function of time 25, 35 and 45 °C. The 
acquired results are displayed in Fig. 10. It could be 
observed that at the primary range of adsorption, dye 
removal has a swifter pace due to accessibility of uttermost 
active sites and then eventually gradual pace till the 
equilibrium is attained at 60 min since adsorption sites 
become performed [32,33]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      As demonstrated in Fig. 10, the adsorbate value based 
on the unit adsorbent mass at time t (mg g-1), qt, extends by 
elevating temperature from 25 to 45 °C demonstrating 
adsorption method’s endothermic nature. Though, the plain, 
tech-economical and harmless route is carried out analysis 
at room temperature without any unbelievable adsorption 
effiecency decrement. 
 
Adsorption Isotherm 
      Adsorption  is  an    accumulation   of   a   mass  transfer  

  
Fig. 10. Effect of (a) AB62, and (b) AR266 adsorption vs. contact time at various temperatures, 25, 35,45 °C 

  (100 ml acid dye solution with 40 mg l-1 concentration, 10 mg of SBA-15-PAMAM at pH 4). 
 
 

    
Fig. 11. The Langmuir isotherm plot for (a) AB62, and (b) AR266 adsorption on SBA-15-PAMAM. 
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process which could be modified as substance at the 
interface between two phases. Equilibrium relationships 
between adsorbent and adsorbate are qualified by adsorption 
isotherms; in general, the ratio between the adsorbed 
quantity and the solution residuary at a steady temperature 
at equilibrium. The datum of isotherm should be exactly 
appropriate to various isotherm models to detect an 
appropriate model which should be utilized for the process. 
Accordingly, to study the concentration efficacy that has 
been carried out to assign the adsorption isotherm, the 
analysis was accomplished at variant AB62 and AR266  
concentrations, and then qe and Ce valiancy were 
ascertained. Various isotherms as the Langmuir, Freundlich, 
Temkin and Dubbin Radushkevich isotherms were 
expressed. The Langmuir isotherm prosperously was 
utilized for disparate absorption process to demonstrate the 
AB62 and AR266 adsorption on SBA-15-PAMAM. The 
fundamental supposition is that the Langmuir theorization 
pending adsorbent absorption happens at adsorbent distinct 
sites [34-37].  
The Langmuir equation would be represented as pursues: 
 
      

eL

eL
e CK

CKQq



1

0                                                               (4)   

                                                                  
as qe, ce, Q0 and kL are AB62 and AR266 adsorbed pace 
over SBA-15-PAMAM (mg g-1) at the equilibrium, the 
AB62 and AR266 concentration solution at equilibrium  
(mg l-1), maximum of the adsorption valence (mg g-1), and 
Langmuir constant (l g-1), respectively. The Langmuir 
equation linear form is demonstrated by Eq. (5): 
 
      

0

0

0

1
Q
C

QKq
C

Le

e                                                             (5)     

                                                                             
The quantity of kL and qe amounts are computed from the 
slop and intercept of the ce/qe against ce diagram (Fig. 11). 
The kL, R1

2 and qe values are indexed in Table 2. 
      The Freundlich isotherm and its data is represented by 
Eq. (6) [38-40]: 
 

      n
eFe CKq
1

                                                                     (6)  

 
 
here 1/n is adsorption stability and KF is adsorption amount                     
in concentration units. 1/n valuation demonstrates that the 
type of isotherms is constant (1/n = 0), undesirable (1/n > 
1), or desirable (0 < 1/n < 1). The linear form of Eq. (7) is 
observed in Eq. (4):  
 
      

0ln1lnln C
n

Kq Fe                                                      (7)   

                                                                     
From the intercept and slop of lnqe versus lnce plot, the KF 
and n are calculated (Fig. 12). The Values of KF, n and R2

2 
are mentioned in Table 2. 
In Eq. (8), the Temkin isotherm is demonstrated: 
 
      

)ln( eT
e CKb

RTq                                                              (8)   

 
In Eq. (9), the linearized form of Eq. (8) is demonstrated: 
 
      

eTe CBKBq lnln 11                                                     (9)     

                                  
So, Eq. (10) is as bellows: 
 
      

b
RTB 1

                                                                      (10)   

                                                                                      
It is supposed that in the Temkin isotherm equation, 
molecules heat absorption according to adsorbate-adsorbent 
forces valences diminishes linearly and adsorption 
identified by identical distribution of the bonding energies 
till utmost binding energy [41-42]. The qe versus lnce plot is 
utilized from the intercept and slope, respectively, to define 
the KT and B1 isotherm constants (Fig. 13). 
      The KT (M-1) is associating of binding constant 
equilibrium to the uttermost binding energy, and B1 constant 
is the adsorption heat. Also, T, b and R, are, respectively, 
definite temperature (K and B1 constant referred to 
adsorption heat) and the constant of universal gas (8.314 J 
mol-1 k). 
      The isotherm model of Dubin Radushkevich (D-R) was 
also utilized to study the adsorption mechanism. The D-R 
isotherm might be utilized to modify adsorption on both 
heterogeneous and homogenous and surfaces [39]. The D-R 
isotherm linear form is: 
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      2lnln  se qq                                                         (11) 

 
In which qm, ε and b are, respectively, a constant due to the 
theoretical saturation valence, the Polanyi potential, and 
average free energy of adsorption (mol2 k-1 J2). 
      The Polanyi potential is released by RTln ( )11ln( elC ), 

where T (K) is the absolute temperature (K) and R (8.314    
J mol-1 K) is the gas constant. 
In Fig. 14, the ability of the D-R isotherm to AB62 and 
AR266 removal by SBA-15-PAMAM was drawn by lnqe  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
versus ε2. D-R isotherm equation might be utilized to 
acquire b values, from where the average energy of 
adsorption (Ea) could be measured by utilization of Eq. (12) 
[43]. 
 
       Ea = 2β-1/4                                                                                                      (12) 
 
Due to the Eqs. (11) and (12), the correlation coefficient 
(R2) and the isotherm constants, Ea were determined. The 
values of KL, Q0, RL, R1

2 (correlation coefficients for 
Langmuir isotherm), and n, KF, R2

2 (correlation coefficients  

  
Fig. 12. The Freundlich isotherm plot for (a) AB62, and (b) AR266 adsorption on SBA-15-PAMAM. 

 

  
Fig. 13. The Temkin isotherm plot for (a) AB62 and (b) AR266 adsorption on SBA-15-PAMAM. 
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Fig. 14. The Dubbin radushkevich isotherm plot for (a) AB62, and (b) AR266 adsorption on SBA-15-PAMAM. 

 
             
               Table 2. Linearized Isotherm Coefficients for AB62 and AR266 Adsorbed by SBA-15-PAMAM 
 

  Dye 

Isotherm  AB62 AR266 

KL (l g-1) 0.032 0.048 

Q0 (mg g-1) 1428.57 1111.11 Langmuir  

R1
2 0.9933 0.9914 

RL 0.0725 0.339 

KF ((mg g-1) (l mg-1/n)) 87.41 140.95 

n 1.7492 2.489 
Freundlich  

R2
2 0.9387 0.9529 

KT (l g-1) 0.4049 1.221 

B1 (kJ mol-1) 297.91 182.58 
Temkin  

 
R3

2 0.9541 0.8872 

 

(mol2 k-1J2) 
0.2 0.4 

qm  (mg g-1) 694.37 617.88 

R4
2 0.6184 0.5567 

Dubin 

Radushkevich 

 

Ea  (kJ mol-1) 1.581 1.118 
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                  Table 3. Comparison of Anionic Dyes Adsorption onto Various Adsorbents 
 

Adsorbent  Dye 
qm 

 (mg/g) 
Ref. 

Magnetic ZnFe2O4  Acid red 88 111.1 [46] 

SBA-3/PEHA Acid yellow 127 1250 [47] 

MCM-41/NH3+ Acid violet 19 251.76 [48] 

Chitosan Acid red 18 693.2 [49] 

Activated carbon Acid red 97 52.08 [50] 

Activated red mud Acid blue 113 83.33 [51] 

MCM-41/PPy Acid blue 129 63.36 [52] 

MCM-41/APTMS Acid blue 62 55.55 [53] 

MCM-41/APTMS Acid blue 25 45.9 [54] 

MCM-4/PPy Direct blue 6 11.8 [55] 

MRH-HCl/PAni 
Acid blue 62 

 
55.55 [56] 

AC-NP-Ag Acid red 18 100 [57] 

AC-NW-Cd(OH)2 Orange yellow S 37 [58] 

SBA-15-PAMAM Orange yellow S 76.9 [58] 

SBA-15-PAMAM Acid blue 62 1428.57 This study 

 Acid red 266 1111.11 This study 
 

 

Fig. 15. Regeneration studies of SBA-15-PAMAM. (pH (2), adsorbent dosage (0.3 g l-1), contact time (120 min). 
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for Freundlich isotherm), and B1, KT and, R3

2 (correlation 
coefficients for Temkin isotherm) and the amounts of β, qm, 
and R4

2 (the correlation coefficients for Dubbin 
radushkevich isotherm) are represented in Table 2.  
      The coordinate of a model to the experimental data are 
generally assessed in title of linear regression analysis that 
the R2 value is utilized as a sign for the excellence of model 
fit concerning to R2 amounts (Table 2), the adsorption of 
AB62 and AR266 on the SBA-15-PAMAM might be 
assessed as a procedure that mainly pursues the Langmuir 
model.  
      The Langmuir model data demonstrated in Table 2 
proposed that AB62 and AR266 adsorptions  
(R2 = 0.9933 and R2 = 0.9914) have created a monolayer 
coverage on the surface of adsorbent  through which all 
adsorption sites  behave equally  with uniform adsorption 
energies without any interaction amongst the adsorbed 
molecules [34-35]. 
      The uttermost SBA-15-PAMAM adsorption valence 
might be described to proceed through electrostatic 
interactions and hydrogen bond formation amongst the 
adsorbent surface and acid dyes. In the aqueous media, the 
dyes sulfonate group separate and are transformed to 
anionic ions. Further, in the presence of H+, the SBA-15-
PAMAM amine groups are protonated. Subsequently the 
electrostatic attraction might take place amongst the acid 
dyes negatively charged sulfonate groups (-SO3

-) and the 
positively charged protonated amino groups on the silica 
surface (-NH3

+). In addition, the major diagnosis of the acid 
dyes is the amount of hydrophilic functional groups, which 
have an intense inclination to form hydrogen bonds with 
SBA-15-PAMAM [44].  
      The observed nature of the adsorption isotherms for all 
of the routes showed that there is a tendency for large 
adsorbed molecules to affiliate with their surfaces than to 
stay as separated units through adsorption. Besides, the 
results propose that molecularly impressed materials might 
be planed for vast adsorption valence without flexibility the 
selectivity [44-45]. 
      The acid dyes removal results represented in the 
literature by various sorbents are displayed in Table 3. As 
demonstrated in this table, the utmost adsorption valences of 
SBA-15-PAMAM obtained for AB62 and AR266 in this 
research are analogous, 1428.57 and 1111.11 mg g-1, which  

 
 
are more than other sorbents  in the literature. The greater 
adsorption valence of the adsorbent utilized in this research 
might be obtained from SBA-15-PAMAM characteristics. 
 
Adsorption and Desorption Studies 
      By accomplishing desorption appraisements, we could 
assess the mechanism of adsorption and adsorbent reuse 
ability. The interaction of dye molecules with the adsorbent 
surface (either a weak or a strong bond) ascertains the 
adsorption reversibility. The desorption considerations were 
performed utilizing NaOH solution (pH 10) to desorb AB62 
dye from SBA-15-PAMAM. The desorption considerations 
for five cycles are represented in Fig. 15. Results 
represented 15% subsidence in the adsorption valence after 
first regeneration cycle (Fig. 15). This reduction in 
adsorption valence could be due to the damage or 
decomposition established by the alkaline solution to 
specify functional groups present on the SBA-15-PAMAM 
surface. The decrease in the adsorption valence for the 
second and third cycles was about 7%. The removal valence 
residue was nearly constant (75%) for the successive cycles 
(up to three cycles) representing that the adsorbent could be 
utilized for many times without any excessive decrease in 
adsorption valence [59]. 
 
CONCLUSIONS 
 
      Regarding to this study, SBA-15-PAMAM mesoporous 
nano-adsorbent was synthesized. The TEM image 
represents the SBA-15 mesoporous cylindrical pore 
formation and a well-organized hexagonal arrangement and 
also an extensive specific area. Also, the results of the TEM 
images, FTIR, XRD represent the successful 
functionalization of PAMAM on the SBA-15 pore wall. The 
SBA-15-PAMAM nano-adsorbent is an appropriate 
adsorbent for AB62 and AR266 dyes removal. The utmost 
elimination was represented by 0. 3 g l-1 nano-adsorbent at 
pH = 2 at 60 min contact time, and 25 °C. The obtained 
datum was in an excellent agreement with the Langmuir 
isotherm. The SBA-15-PAMAM nano-adsorbent adsorption 
ability (1428.57 and 1111.11 mg g-1 for AB62 and AR266, 
respectively) was obtained by Langmuir isotherm. At a 
certain concentration of two acidic dyes (acid blue 62 and 
acid red 266),  since  the molecular mass of the acid blue 62  
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dye is less than acid red 266 and the available number of 
functional groups of dye molecules supposed to absorb on 
the adsorbent, in acid blue 62 dye are more than those for 
acid red 266, the maximum amount of absorption (qmax) of 
acid blue 62 dye will be higher than that for acid red 266 
leading to a higher uptake capacity over the surface. 
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