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Abstract 

SBA-15 grafted with N-(4-(trimethylsilyl) butyl)-9H-fluorene-9-amine was synthesized by a simple 

strategy and applied to removal of Acid Red 33 and Acid Black 194 from aqueous solutions. SBA-

15 was synthesized and Functionalized according to procedure in the literature. Fluorene 

functionalized SBA-15 was showed the BET surface area 200 m2g-1 and pore diameter 4.2 nm, 

based on adsorption-desorption of N2 at 77 K. The presence of organic groups in the silica 

framework was demonstrated by FTIR and Raman spectrum. The effects of pH, amount of 

adsorbent, contact time and dye concentration on adsorption were determined in order to find the 

optimum adsorption conditions. The data fitted well to the Langmuir model with maximum 

adsorption capacities 500.0 mg/g for Acid Red 33 and 110.0 mg/g for Acid Black 194. The results 

were shown that this methodology could be suitable for the removal of the pollutant acid dyes from 

dyeing wastewater of handmade carpet’s fibers. 

Keywords: Dye removal, Acid red 33, Acid black 194, N-(4-(trimethylsilyl)butyl)-9H-fluorene-9-
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Introduction 

Organic dyes are widely used in various fields but they are major pollutants in aqueous solutions 

too. Most industrial dyes have undesirable properties such as toxicity and mutagenesis [1] and 

unfortunately most of them are stable and resistance to photo degradation, biodegradation and 

oxidizing agents [2]. Acid dyes are used in many industries such as textile, paper, food processing, 

cosmetics, plastics, printing, leather, pharmaceutical and dye manufacturing. Water pollution 

caused by industrial wastewater has become a common problem for many countries [3]. 

Currently, several physical or chemical processes are used to treat dye-laden wastewaters, such as 

adsorption [4-6], chemical oxidation [7], electrochemical oxidation [8], and photocatalytic 

oxidation [9]. Most of dyes are stable to photo-degradation, bio-degradation and oxidizing agents 

[10]. Therefore, the adsorption process is one of the high efficient and low cost methods to remove 

dyes from water and wastewater. Nowadays different adsorbents like activated carbons, clays, ion 

exchange resins and zeolites have been investigated to removal of dyes [11-13]. But, highly porous 

materials offer a number of potential advantages as adsorbents including larger pore volume and 

diameter, high surface area and regular channel type structures. It is also possible to manipulate 

these properties so as to suit those of the adsorbent [14]. The development of functionalized 

mesoporous materials for adsorption applications including the removal and determination of metal 

ions [15-17], organics[18], dyes[19-23], radio nuclides [24], and anionic complexes[25, 26], has 

generated a considerable interest. For adsorption processes, a variety of functional groups can be 

grafted or incorporated on the surface of mesoporous channels and prepare highly effective 

adsorbents [27, 28]. 

In 1998, Zhao et al. [29] synthesized a new type of mesoporous material called SBA, with uniform 

hexagonal structure. One member of the mesoporous molecular sieves SBA family is SBA-15. It is 

a highly ordered material possessing a regular two dimensional hexagonal array of channels. This 

material typically has a pore diameter of the order of 7–10 nm. This study examines the potential of 

SBA-15 grafted with N-(4-(trimethylsilyl)butyl)-9H-fluorene-9-amine (fluorene functionalized 

SBA-15) (Figure 1.a) as a new adsorbent for removing of acidic dyes. In order to, the functionalized 

SBA-15 was prepared and characterized. The fluorene functionalized SBA-15 was applied to 

removal of Acid Red 33 (AR 33) (Figure 1.b) and Acid Black 194 (AB 194) (Figure 1.c) from the 

aqueous solution. The applicability of this adsorbent was evaluated in view of the effects of solution 

pH, adsorbent dosage and contact time. 
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Figure 1. The structure of fluorene functionalized SBA-15(a), Molecular structure of dyes Acid red 33(b), Acid black 

194(c). 

 

Experimental 

Instrumentation 

 FT-IR spectra were obtained on Equinox 55 spectrometer. Raman spectra were obtained on 

SENTERRA spectrometer. Small and wide angle x-ray scattering (XRD) patterns were recorded 

with a model Hecus S3-MICROpix SAXS diffractometer with a one-dimensional PSD detector 

using Cu Kα radation (50KV, 1mA) at wave length 1.542 A°. Thermogravimetric analysis (TGA) 

was performed on a TA Q50 instrument. The scans were performed between 25 and 800 °C at 10 

°C/min. Elemental analyses was carried out by a Rapid elemental analyzer. Nitrogen physisorption 

isotherms were obtained on a BELSORP mini-II at liquid nitrogen temperature (77K). Surface area 

was measured using the Brunauer-Emmett-Teller (BET) method, pore size distributions were 

calculated from the nitrogen isotherms by Barrett-Joyner-Halenda (BJH) method. The pH was 

controlled by Metrohm pH-meter model 713 and Shimadzo 25 double beam spectrophotometer was 

used for the detection of dye concentration in the solution. 

 

Reagents and solutions 

 P123 (EO20PO70EO20, MW=5800) was obtained from Aldrich. Fluorene, bromine, carbon 

tetrachloride, tetraethylorthosilicate (TEOS), γ-(amino propyl)triethoxysilane (APTES) Sodium 

hydroxide and hydrochloric acid were obtained from Merck (Germany). Toluene was dried 

according to the standard purification methods [30]. Acid Red 33 (AC33) and Acid Black 194 

(AB194) were purchased from Bayer (Germany). All the reagents were of analytical grade and used 

as received without further purification. Double distilled water (DDW) was used throughout the 

study. The stock solutions of dyes were prepared by dissolving dye powder in DDW. The stock 

solution was then diluted to prepare the desired concentration of dye solutions. All glassware were 

soaked in dilute nitric acid for 12 h and finally rinsed for three times with DDW prior to use. 
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Synthesis of SBA-15 grafted with N-(4-(trimethylsilyl)butyl)-9H-fluorene-9-amine 

SBA-15 material was synthesized by following the procedure reported at literature [31-33]. 

Aminopropyl functionlized SBA-15 material was synthesized by following the procedure reported 

by Zhao et al. [33]. 2 g Aminopropyl functionlized SBA-15 was placed under vacuum for 30 min, 

then 80 mL dry toluene was added and stirred for 15 min, 9-Bromofluorene [34] (1.11 g, 4.5 mmol) 

was added to the resulting mixture under inert atmosphere (Ar) and reflux for 24 h. Then it was 

cooled at room temperature and toluene was removed by filtration under vacuum. It was dried at 

room temperature and functionalized silica was washed with ethanol by using a soxhlet apparatus 

for 3 days, followed by drying at room temperature to remove ethanol. 

 

Dyes removal experiment 

For each experimental run, ten milligram of fluorene functionalized nanoporous silica SBA-15 were 

added to 10 mL of 50 mg L−1 of each of acidic dyes solutions with predetermined concentration. 

The mixed solution was gently shacked at room temperature for 5 min. At the end of the adsorption 

period, the supernatant was centrifuged for 2 min at 3750 min-1. The residual amounts of dyes in the 

solution were determined spectrophotometrically at 530 and 573 nm for Acid Red 33 (AR 33) and 

Acid Black 194 (AB 194), respectively.  

All the experiments were performed at room temperature. The effects of pH, contact time and dye 

concentration on adsorption were investigated. For adsorption isotherm, the dye solution of 

different concentration in the range of 50-800 mg L-1 was agitated until the equilibrium was 

achieved. The adsorbed amounts (qe) of dye were calculated by the following equation: 

qe =
𝐶0 − 𝐶𝑒
m

× 𝑉 

Where Co and Ce are the initial and equilibrium concentrations of dye in mg L-1, m is the mass of 

adsorbent (g), and V is the volume of solution (L).   

 

Results and discussion 

Adsorbent characterization 

Figure 2.a shows the small angle XRD patterns of the fluorene functionalized SBA-15. The sample 

have a single intensive reflection at 2θ angle around 0.87° similar to the typical SBA-15 materials,  

that is generally recognized to the long-range periodic [33]. Also two additional peaks related to the 

higher ordering (110) and (200) reflections are also observed, which is associated with a two-

dimensional hexagonal (p6mm) structure [35]. However, in the case of functionalized SBA-15 

material, the peak (100) intensity decreases after immobilizations due to the difference in the 



L. Hajiaghababaei, et al., J. Appl. Chem. Res., 12, 2, 17-29 (2018) 
 

20 
 

scattering difference of the pores and the walls, and to the irregular covering of organic groups on 

the nanochannels [36]. 

Figure 2. Small angle XRD pattern fluorene functionalized SBA-15(a), Nitrogen adsorption-desorption isotherm of 

fluorene functionalized SBA-15, (inside: BJH pore size distribution curve of functionalized SBA-15) (b), FT-IR 

spectrum of fluorene functionalized SBA-15(c). 

 

The textural properties of the sample were evaluated by the nitrogen adsorption-desorption isotherm 

(Figure 2.b). The  material exhibit a typical irreversible  type IV nitrogen adsorption isotherm with 

an H1 hysteresis loop as defined by IUPAC [37]. The nitrogen adsorption at low relative pressures 

is accounted for by monolayer adsorption of N2 on the pore walls, and does not essentially involve 

the presence of micropores. The sharp inflection in the P/P0 range from 0.40 to 0.60 of the isotherm 

is characterized as capillary condensation within uniform mesopores, the position of which is 

clearly correlated to a diameter in the mesopore rang. The pore size distribution can be calculated 

from BJH method based on the desorption branch of the N2 adsorption isotherm. As demonstrated 

in Figre. 2.b, a typical BJH plot from modified SBA-15 with fluorene a narrow pore size 

distribution is observed [38]. The uniformity of the mesopores in this modified SBA-15 is 

comparable to the SBA-15, indicating that the integrity of the original inorganic wall structure of 

the SBA-15 is retained. The textural parameters, specific surface areas (BET method), pore 

diameters (BJH method) and total pore volumes are given in Table 1. 
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Table 1. The pore diameter (DBJH), BET surface area (SBET) and the total pore volume (Vtotal) from nitrogen adsorption-

desorption for the SBA-15 and fluorene functionalized SBA-15. 

 

 

 

 

 

Figure 2.c shows FT-IR spectrum of fluorene modified SBA-15. The bands at 800 and 1086 cm-¹ 

are attributed to Si-O-Si and Si-O stretching vibrations, respectively [39]. Also the adsorption bands 

at 1598 and 1465 cm-¹ due to N-H bending. The band at 2930 cm-¹ is assigned to C-H stretching 

vibrations of the methylene groups. The strong peak of 742 cm-1 was observed which due to the 

C=C ring skeletal vibrations and also the weak peak at 1610 and 1449 cm-1 are related to the same 

type of vibrations. 

Figure 3.a shows the Raman spectrum of fluorene modified SBA-15. The band at 2900 cm-1 is 

attributed to C-H stretching in the propyl chain in fluorene modified SBA-15. The strong bands at 

1610, 1484 and 1024 cm-1 are related to the C-C and C=C ring skeletal vibrations of fluorene. The 

bands at 3100 and 1350 cm-1 are attributed to C-H ring and C-N vibrations, respectively that 

confirm fluorene was attached on the surface of SBA-15 [40]. The IR and Raman results exhibit 

that fluorene is attached on the surface of SBA-15. 

  

Figure 3. Raman spectrum (a), TGA analysis (b) of fluorene functionalized SBA-15. 

 

Molecular sieves 𝐃𝐁𝐉𝐇(𝐧𝐦) 𝐒𝐁𝐄𝐓(𝐦
𝟐 𝐠⁄ ) 𝐕𝐭𝐨𝐭𝐚𝐥(𝐜𝐦³ 𝐠)⁄   

SBA-15 6.2 587 0.780 

Fluorene functionalized SBA-15 4.2 200 0.365 
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Thermogravimetric analysis (TGA) and elemental analysis were carried out to determinate the 

grafted amount of fluorene incorporated in SBA-15. The TGA profile sample of fluorene 

functionalized SBA-15 is illustrated in Figure 3.b.  

The weights loss at temperature about 100 °C is  corresponded to the desorption of physisorbed 

water that is 1.5% for fluorene modified SBA-15[41]. The weights loss (17.24 %) between 200 and 

600 °C are due to the decomposition of organic groups in fluorene modified SBA-15. A minor 

weight loss due to silanol condensation at high temperature was observed [42]. The experimental 

and the theoretical C/N molar ratio of fluorene modified SBA-15 was calculated from the elemental 

analysis data (table 2) which confirms that fluorene is grafted to surface. The TGA is in the good 

agreement with the organic content determined by elemental analysis. 

Table 2. The elemental analysis of fluorene functionalized SBA-15. 

Sample C% N% C/N Experimental C/N Theoretical Aminopropyl 

(mmol / g) 

Fluorene 

(mmol /g) 

Fluorene 

functionalized SBA-15 

12.98 1.6 8.1 9.5 1.2 0.55 

 

Effect of pH on the removal yield 

The effects of pH 3.0 to 8.0 on the adsorption of dyes are shown in Figure 4. The pH was adjusted 

by HCl and NaOH and measured by digital pH meter. As depicted in Figure 4, a relatively 

considerable decrease in the adsorption amount or removal percentage for both of the anionic dyes 

is occurred under basic conditions. It is attributed to that solution pH may affect both aqueous 

chemistry and surface binding sites of the adsorbent. 

 

 Figure 4. The effect of pH on the adsorption of AR33 and AB194 on the fluorene functionalized SBA-15. 

 

During the dyes adsorption process, different kinds of interactions between SBA-15 grafted with N-

(4-(trimethylsilyl)butyl)-9H-fluorene-9-amine and dyes molecules such as physical adsorption, 

hydrogen bonds, electrostatic attractions, hydrophobic attractions, etc., can act simultaneously. The 
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aromatic cycles of dyes and fluorene groups of adsorbent could interact with each other by – 

interactions. A great distinction of the acid dyes is the number of hydrophilic functional groups, 

which have a strong tendency to form hydrogen bonds with fluorene functionalized SBA-15. For 

example, the azo groups inter act with the silanol groups present on the internal surface of the 

mesoporous silica by hydrogen bonding. Also, the sulfonic acid groups interact with the positively 

charged surface of fluorene functionalized SBA-15 by electrostatic interactions. At lower pH, the 

fluorene functionalized SBA-15 surface will be positively charged via protonation process, which 

increases the electrostatic attractions between acid dyes molecules and functionalized SBA-15 

surface. At higher pH the number of positively charged sites is reduced and raised the number of 

negatively charged sites, creating electrostatic repulsion between the negatively charged surfaces of 

the fluorene functionalized SBA-15 and the anionic acid dyes molecules. On the other hand, the 

lower adsorption of acid dyes, at alkaline pH is because of the presence of excess OH- ions 

competing with the dye anions for the adsorption sites. As a result, there was in a significant 

reduction in the adsorption of acid dyes from the solution. A similar behavior was observed for the 

adsorption of anionic dye onto amino-functionalized SBA-3 [21]. 

 

Effect of the amount of adsorbent on removal efficiency 

The effect of the amount of fluorene functionalized nanoporous silica SBA-15 as adsorbent on the 

removal of acidic dyes was determined at room temperature and at pH 4.0 by varying the adsorbent 

amount from 0.003 to 0.020 g in 10 mL solution of 50 mg L-1 of each dye. The results show (Figure 

5.a) that the removal efficiency of dyes initially was increased by increasing the amount of 

adsorbent due to the availability of higher adsorption sites. Then the percentage removal reaches 

almost a constant value. The 5 mg functionalized SBA-15 had a removal efficiency of 99% for 

AR33 and 96% for AB194, while 10 mg functionalized SBA-15 had a removal efficiency of more 

than 99% for both of them. It can be attributed to the more sulfonic acid groups of AR33 dye which 

increases electrostatic interactions among AR33 and functionalized SBA-15. 
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Figure 5. The effect of different amount of fluorene functionalized SBA-15(a), and contact time (b) on percentage of 

AR33 and AB194 dye removal. 

 

 

Effect of contact time on removal yield 

The effect of contact time on the amount of dyes adsorbed was investigated at the initial 

concentration of 50 mg L−1 of dyes at pH 4.0 at room temperature. The concentration of dyes was 

measure periodically in 2, 5, 10, 15, and 40 minutes. Figure 5.b shows the effect of contact time on 

the removal yield of dyes by the fluorene functionalized nanoporous silica SBA-15. It can be seen 

that after about 5 min, almost whole of the dye has been adsorbed. Therefore, contact time of 5 min 

was selected for further works. 

 

Effect of initial dye concentration 

A higher initial acid dye concentration leads to an increase in the mass gradient between the 

solution and the adsorbent, which then functions as a driving force for the transfer of acid dye 

molecules from bulk solution to the adsorbent surface [21]. Effect of initial concentration on the 

uptake of acid dyes was studied at different initial concentrations (50, 100, 300, 500 and 800 mg/L). 

As can be seen in Figure 6, the amount of dyes adsorbed increases as the concentration increases up 

to a saturation point. As long as there are available sites, adsorption will increase with increasing 

dye concentrations, but as soon as all of the sites are occupied, a further increase in concentrations 

of dyes does not increase the amount of dyes on adsorbents.  

The higher values of (qe) for AR33 than that for AB194 in whole of concentration range indicated 

its more interaction with fluorene modified SBA-15.  

 

 Figure 6. The Langmuir adsorption isotherm of AR33 (a) and AB194 (b) on fluorene functionalized SBA-15. 

 

Adsorption isotherms 

In order to optimize the use of fluorene functionalized SBA-15, it is important to establish the most 
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appropriate adsorption isotherm. The principle of adsorption isotherms is to find the relation-ship 

between the mass of the solute adsorbed per unit mass of adsorbent qe (mg/g) and the solute 

concentration in the solution at equilibrium Ce (mg/L). The adsorption capacities of the as-obtained 

functionalized SBA-15 to dyes were measured individually at pH 4.0 with 10.0 mL varied AR33 

and AB194 concentrations. Equilibrium isotherms were analyzed by Freundlich and Langmuir 

isotherm models. The Freundlich isotherm is derived by assuming a heterogeneous surface with a 

non-uniform distribution of heat of adsorption over the surface. Whereas, in the Langmuir theory, 

the basic assumption is that the sorption takes place at specific homogeneous sites within the 

adsorbent.  

The linearized form of the Langmuir is [43]: 

𝐶𝑒
𝑞𝑒

=
1

𝑏𝑞𝑚
+
𝐶𝑒
𝑞𝑚

 

Where qm is the maximum adsorption capacity corresponding to complete monolayer coverage and 

b is the equilibrium constant (L/mg). The data fit well to the model with correlation coefficients 

(R2) in the range of 0.993 and 0.998 for AR33 and AB194 respectively (Table 3).  

The Freundlich model can take the following linearized form [44]: 

𝑙𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝑘𝑓 +
1

nf
𝑙𝑜𝑔𝐶𝑒 

Where Kf is is roughly an indicator of the adsorption capacity and 1/nf is the adsorption intensity. 

The slope 1/nf ranging between 0 and 1 is a measure of adsorption intensity or surface 

heterogeneity, becoming more heterogeneous as its value gets closer to zero [45].  

 

Table 3. Isotherm parameters for adsorption of acid dyes on fluorene functionalized SBA-15. 

Dyes Langmuir  Freundlich 

 qm(mg g-1) b(L mg-1) R2  Kf(mg g-1) 1/n R2 

AR33 500 0.0392 0.993 120.22 0.223 0.839 

AB194 110 0.1893 0.998 42.46 0.143 0802 

 

The constants are determined by using linear regression analysis and are presented in Table 3. As 

seen from Table 3, the Freundlich model is not suitable for describing the adsorption equilibrium of 

dyes by functionalized SBA-15 and Langmuir isotherm model yielded the best fit with the highest 

R2 value compared to the Freundlich model.  

Also as the results show, the maximum adsorption capacities in the studied concentration range are 

500.0 mg/g and 110.0 mg/g for AR33 and AB194, respectively. The capacity factor of adsorbent for 
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AR33 is higher than that for AB194. The differences may be due to the differences in the structure 

of dyes. AR33 and AB194 are anionic dyes because of they usually exist in the sulphate form. Two 

sulphate groups in AR33 increase the electrostatic attractions between acid dye molecule and 

fluorene functionalized SBA-15 surface. Therefore, the adsorption capacity of fluorene 

functionalized SBA-15 for AR33 seems to be better than it for AB194 dye with one sulphate group. 

 

Desorption and reuse study 

The reusability of adsorbent is of great importance as a cost effective process in water treatment. In 

order to regenerate and reuse the functionalized SBA-15 after adsorbing dyes, 15 mL of 2.0 M 

sodium hydroxide solution was selected as the regeneration agent. Three cycles of adsorption-

desorption studies were accordingly carried out. It is notable that the equilibrium of desorption was 

achieved rapidly within about 5 min, similar to the adsorption equilibrium. After the elution of the 

adsorbed dyes, the adsorbent was washed with DDW and dried under vacuum at 25°C and reused 

for dyes removal. The adsorption capacity of the sorbent after three cycles was reduced only 10%, 

which was due to the incomplete desorption of dyes. Therefore, the fluorene functionalized SBA-15 

can be a good reusable and economical sorbent. 

 

Removal of dyes from dyeing wastewater sample 

The application of the AR33 and AB194 dyes removal from real sample was examined by dyeing 

wastewater of handmade carpet’s fibers. Because of matrix effect, the initial concentration and 

residual concentration of dyes in the samples (before and after removal with the recommended 

procedure) was determined by standard addition method. The results are given in Table 4. As 

shown, the proposed method could be applied successfully for the removing of AR33 and AB194 

dyes in wastewater samples with very good efficiency.  

Table 4. Removal of AR33 and AB194 dyes from dyeing wastewater sample. 

Dyes 
Initial concentration 

(mg L1) 

Final concentration 

(mg L1) 
%Removal 

AR33 24.83(± 0.52)a 0.67 (± 0.51) 97.30 (± 0.67) 

AB194 19.50 (± 0.54) 0.50 (± 0.48) 97.43 (± 0.65) 

                                            a %RSD based on three replicate analysis 

 

 

Comparison of other adsorbents 
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The dye adsorption capacity data on the application of previously developed adsorbent for 

removing Acid dyes [21, 46-49] were summarized in Table 5 and compared with those of the SBA-

15 grafted with N-(4-(trimethylsilyl) butyl)-9H-fluorene-9-amine.  

 

 

Table 5. Comparison of various adsorbents used for removal of Acid dyes. 

Adsorbent 
Dye 

Adsorption 

capacities (mg/g) 

Contact 

Time (min) Ref. 

Pentaethylene hexamine functionalized  

SBA-3 

Acid Green 28, 

Acid Yellow 127, 

Acid Orange 67, 

Acid Red 114, Acid 

Blue 113 

285.71, 

476.19, 

434.78, 

454.54, 

500 

 

60 

 

21 

Magnetic chitosan-Fe(III) hydrogel 
Acid Red 73, 294.5 10 46 

Activated rice husk carbon 

 

Acid yellow 36 

 
86.9 90 47 

Activated carbon Acid Red 97 82.08 20 48 

Multiwalled carbon nanotubes 

 

Acid Red 18 166.67 120 49 

SBA-15 grafted with N-(4-(trimethylsilyl)butyl)-

9H-fluorene-9-amine 

Acid Red 33,   

Acid Black 194 

500.0, 

110.0 
5 

This 

work 

 

It can be seen that the adsorption capacity of modified adsorbent exceed those of most of previously 

reported adsorbents. It is noteworthy that adsorbent also less adsorption capacities in comparison 

with some previous reports. Yet, in terms of the optimal contact time it excel the best previously 

reported adsorbent.  

 

Conclusion 

This work has demonstrated the successful application of SBA-15 grafted with N-(4-

(trimethylsilyl)butyl)-9H-fluorene-9-amine for the removal of acidic dyes. The adsorbent was very 

effective in removing Acidic dyes and the adsorption of dyes to functionalized SBA-15 was agreed 

well to the Langmuir adsorption model with maximum adsorption capacities of 500.0 and 100 mg/g 

for AR33 and AB194, respectively.  

The adsorption of dyes to fluorene functionalized SBA-15 was fast, which could reach equilibrium 

in less than 5 min. Since the adsorption capacities of fluorene functionalized SBA-15 is good (a low 

amount of it is enough for high efficiency removal) and the preparation of fluorene functionalized 

SBA-15 is easy, this methodology could be suitable for the large scale removal of the pollutant dyes 

from water and wastewater. 
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