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Abstract: Phenol and nitrophenols are toxic to other organisms in aqueous media even at very low 

concentrations. In this work, the removal of phenols and nitrophenols by using Cibacron Blue F3GA attached of 

magnetic poly(2-hydroxyethylmethacrylate) as an adsorbent from the aqueous media was investigated. The 

adsorption phenomenon of the phenol and nitrophenols on adsorbent at different time ranges (15, 20, 45, 60, 90 

and 120 minutes) was investigated to elucidate the equilibrium times with increasing phenol and nitrophenols 

concentration. The parameters such as pH (2-12), adsorbent dosage, adsorption time and initial concentration 

were studied. The maximum adsorption equilibrium time was found to be approximately 20 minutes. The 

amount of adsorbed substance on adsorbent was observed to decrease in the order of 4-nitrophenol> 3-

nitrophenol> and 2-nitrophenol> phenol. The adsorbent was examined by using Fourier Transform Infra-Red, 

Scanning Electron Microscopy-Energy Dispersive X-ray techniques and Differential Thermal Analysis-Thermal 

Gravimetric Analysis Techniques before and after the adsorption. The adsorption process was observed to 

comply with the Langmuir isotherm. It was possible to use again and again Cibacron Blue F3GA‐attached 

mPHEMA beads without any significant decreases in their adsorption capacities.  
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Cibacron Blue F3GA Bağlı mPHEMA ile Sulu Sistemden Fenol ve 

Nitrofenollerin Uzaklaştırılması 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Öz : Fenol ve nitrofenoller, çok düşük konsantrasyonlarda bile sulu ortamdaki diğer organizmalar için toksiktir. 

Bu çalışmada, sulu ortamdan bir adsorban olarak manyetik poli (2-hidroksietilmetakrilat) bağlı Cibacron Blue 

F3GA kullanılarak fenollerin ve nitrofenollerin uzaklaştırılması araştırıldı. Farklı zaman aralıklarında (15, 20, 

45, 60, 90 ve 120 dakika) adsorban üzerindeki fenol ve nitrofenollerin adsorpsiyon miktarı, artan fenol ve 

nitrofenol konsantrasyonu ile denge süreleri araştırıldı. pH (2-12 arasında), adsorban dozaj, adsorpsiyon süresi 

ve başlangıç konsantrasyonu gibi parametreler araştırıldı. Maksimum adsorpsiyon denge süresi yaklaşık 20 

dakika olarak bulunmuştur. Adsorban üzerindeki adsorbe edilen madde miktarının, 4-nitrofenol> 3-nitrofenol> 

ve 2-nitrofenol> fenol sırasıyla azaldığı gözlendi. Adsorban, adsorpsiyon öncesi ve sonrasında Fourier 

Transform Infra-Red, Taramalı Elektron Mikroskopisi-Enerji Dağıtıcı X-ışını teknikleri ve Diferansiyel Termal 

Analiz-Termal Gravimetrik Analiz Teknikleri kullanılarak incelenmiştir. Adsorpsiyon işleminin Langmuir 

izotermine uygun olduğu gözlenmiştir. Adsorpsiyon kapasitelerinde önemli bir azalma olmadan tekrar tekrar 

Cibacron Blue F3GA'ya takılı mPHEMA mikrokürelerin kullanılması mümkün olmuştur. 
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1. Introduction 

Phenolic substances (Ps) are very harmful, deleterious and are related to carcinogens [1,2]. A lot of 

poisonous or toxic wastewater is discharged in industrial factories (petrochemistry, coal, polymer, 

steel, pharmaceutical etc.) [3]. Phenolic compounds should be less than 1 mg/L in wastewater 

according to the US Environmental Protection Agency (EPA). Different techniques such as solvent 

extraction, physical, biological, and chemical treatments are used for elimination of phenolic 

pollutants [4]. These techniques have some advantage and disadvantage in the removal or 

contaminants. Adsorption technique is recently being utilized commonly for the elimination of 

contaminants at a low concentration [5]. In this technique some special sorbents, such as metal 

oxides, activated carbon, resins, silica, clinoptilolite have been utilized [6-9]. They have a ligand 

that interacts with pollutants specifically [10].  

Organic substances such as phenol (P) and nitrophenols (NPs) are very hard or unfeasible to 

eliminate by using biological process. P and their derivatives are very harmful to living things, 

causing oxygen requirement in receiving waters [11, 12]. In literature, removing of P and NPs from 

wastewaters were studied with chemical oxidation, physicochemical treatment processes, and 

biological degradation [13-16]. Currently, magnetic adsorbents are generally used in adsorption 

processes [17]. The Cibacron Blue F3GA (CB-F3GA) dye has a ligand that cause high adsorption 

capacity (Figure 1) [18]. They have solved many problems such as eliminating poisonous materials, 

organic contaminants, heavy metals etc. In literature, scientists have used different sorbents for 

phenolic substances. Singh and Misra utilized Fe(OH)3 attached marble to eliminated organic 

pollutants P, 2-nitrophenol (2-NP), 4-nitrophenol (4-NP), pyrogallol, resorcinol, quinol, 

payrocatechol). They found an adsorption capacity from 14.7 to 76.5 mmol/g [1]. Saleh et al 

investigated statistical analysis of phenols adsorption on diethylenetriamine-modified-AC [19]. 

Denizli et al [20] studied with CB-F3GA carrying pHEMA microbeads for removal of 

chlorophenols (CPs) and trichlorophenol (TCP) [20]. Lin and Juang reviewed the elimination of P 

and NPs from wastewater by natural and synthetic adsorbents [21]. Kuralay et all investigated 

affinities of bovine serum albumin with modified CB-F3GA/Pencil graphite electrodes [22]. 

Tüzmen et al. prepared magnetic poly(2-hydroxyethylmethacrylate) (mPHEMA) beads and then 

connected CB-F3GA to mPHEMA beads (Figure 2). They evaluated adsorbed and desorbed beta-

casein  on the CB-F3GA@ mPHEMA beads. [23, 24]. Gu et al studied elimination of different NPs 

in aquatic media by modified MCM-48. They found that the adsorption of 2-NP, 3-nitrophenol (3-

NP), and 4-NP by modified MCM-48 was spontaneous and exothermic in nature [25].  

 

Chen et al synthesized an organometallic structure chromium (III) terephthalic acid (Cr-BDC) and 

used for removing of NP and 4-NP. They found that as-prepared Cr-BDC was an effective and low-

cost adsorbent for 2-NP elimination [26]. Kordic et al studied the valorization of organic 

compounds in the adsorption process.  In their study, affinity for desorption decreased in the 

following order: 4-NP 3-NP 2-NP [27]. Aazza et al examined removal of 2-NP from aqueous 

solutions with modified alumina [28]. 

 

 
Figure 1.  Molecular structure of CB-F3GA. 
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The aim of this paper is to research the adsorption behavior of P and NPs on the CB-

F3GA@mPHEMA. Experimental parameters were studied such as the initial concentration, the 

adsorption rate, the equilibrium time, the pH and the regeneration. The adsorption of the P, NPs on 

CB-F3GA@mPHEMA was investigated. The equilibrium times with increasing P and NPs 

concentration were elucidated. A novel and cheap adsorbent was utilized for P and NPs. 

 

Figure 2.  Attached of CB-F3GA to mPHEMA beads. 

 

2. Experimental Methods 

 

2.1. Materials 

 

All chemicals were analytical grade and purchased from Merck. P, 2-NP, 3-NP, 4-NP, 4-

Aminoantipyrine, Potassium ferricyanide (K3FeCN6), HCI and NaOH were used as received.  

Concentrations of phenolic compounds were found as colorimetric assay by DR-5000 

spectrophotometer [29, 30]. For each adsorption isotherm experiment was applied as described in 

our previous study [9, 30].  

 

Distilled water was used to prepare a solution (ELGASTAT system). CB-F3GA@mPHEMA 

microbeads were synthesized as reported elsewhere [18]. A summary of the polymerization process 

is as follows. Poly(vinyl alcohol) (PVA; Mw: 50 000 kDa)  was dissolved in distilled water. The 

desired amount of 2,2′‐azobisisobutyronitrile (AIBN) was added to the monomer 

(EGDMA/HEMA/toluene) with 1.0 g of magnetite particles. This mixture was then poured to a 

glass polymerization reactor with a thermostatic water bath at 65 °C for 4 h. Then, the 

polymerization was finished at 90°C over 2 h [18]. SEM images of the prepared microbeads are 

given in Figure 3. 

 

 
 

Figure 3.  SEM images of (A) mPHEMA (B) PHEMA (C) cross section of mPHEMA (D) cross 

section of PHEMA 
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Some characteristics of the used microbeads are shown in Table 1 [31].  

 

CB-F3GA@mPHEMA absorbances was observed according to presenting in our previous studies 

[9,20, 30]. P and NPs are vaporized at high temperature and in the experimental part was studied in 

three different temperatures (10, 25 and 40C). Therefore, the ambient temperature was preferred in 

experimental studies because of ambient condition, easy and simplicity. 

 

Table 1.  Characteristics of prepared microbeads 
 

Particle diameter 80-120 μm 

Specific surface area 56 m
2
/g 

Average pore size 819 nm 

Swelling rate 45% 

Cibacron blue F3GA content 28.5 μmol/g 

Density 1/1 g/ml 

Volume fraction of the polymer 94.50% 

Volume fraction of magnetic particle 5.5 % Fe3O4 

Magnetic field resonance 2250 G 

 

Desorption of P and NPs was performed by using ethyl alcohol solution (30% v/v).  

 

Adsorbent dosage was examined such as 10, 50, 100, 200, 300, 400 and 500 mg/L. Then minimum 

adsorbent dosage was preferred as 200 mg/L to supply economical advantage. Because amount of 

adsorbed phenols was nearly constant for adsorbent dosages between 200-500 mg/L. 

 

The morphological characterization of the CB-F3GA@mPHEMA were evaluated by a scanning 

electron microscope (SEM 1200 EX, JEOL). 

 

3. Results and Discussion 

 

3.1.  DTA/TG Analysis 

 

Thermal analysis of CB-F3GA@mPHEMA are shown in Figure. 4. 

 

 

Figure 4.  DTA/TG analysis of CB-F3GA@mPHEMA microbeads. 
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As a result of the DTA analysis, it was determined that the weak and strong bonded waters in the 

structure of the microbeads were thrown at 90-95C and formed an endothermic peak. According to 

the information obtained from the literature, approximately all of waters remove away from the 

structure at 450C without any phase transformation in the structure up to 800C [32]. Also, when 

the DTA graph of the polymer is examined, it is seen that there is an endothermic peak before 

400C and then there is no phase change from 450C to 800C. The results obtained are compatible 

with previous researches [33]. 

 

3.2. SEM-EDX Analysis 

 

Morphological analysis of before and after adsorptions of 4-NP are shown in Figure. 5 and 6. The 

article shape was homogeneous and spherical. After adsorption process iron element disappeared 

from structure. Non-magnetic PHEMA microbeads displayed spherical shapes with a smooth 

surface. The presence of magnetite particles in the polymeric structure was confirmed by EDX. 

 

 
Figure 5.  EDX analysis of CB-F3GA@mPHEMA microbeads (before adsorption). 

 

 
Figure 6.  EDX analysis of CB-F3GA@mPHEMA microbeads (after adsorption for 4-NP). 
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3.3. FTIR Analysis 

 

Assessment the infrared analysis for 4-NP (Figure. 7(a)) of crosslinked CB-F3GA@mPHEMA 

beads gives sharp peaks between 400-4000 cm
-1

. At 3448 ± 8 cm
-1

 peak was evaluated particularly 

the O-H stretching vibration. A sharp C=O bond stretching of monomer occurs at 1733 ±2 cm
-1

. 

There is a characteristic band of C-C stretching of monomer at 1650 cm
-1

. The C-O stretching 

vibration bands of monomer are exhibited at 1148 ± 100 cm
-1

. IR spectrum of microbeads is 

characterized in the spectrum of the composite at 753 cm
-1

 and characterizes the Fe-O stretching 

vibration. FTIR analysis of CB-F3GA@mPHEMA is shown in Figure 5 (b) that same strong peaks 

were detected. The broad peak of O-H stretching vibration of CB-F3GA@mPHEMA monomer at 

3448 cm
-1

 has disappeared after adsorption CB-F3GA@mPHEMA. FTIR analysis of same polymer 

is supported with our studies [29, 34-36]. 

 

 
Figure 7.  FTIR results (a) mPHEMA, (b) CB-F3GA@mPHEMA (c) after adsorption CB-

F3GA@mPHEMA for 4-NP. 

 

3.4. Adsorption of Nitrophenols 

 

The initial concentration and pH versus adsorption capacity were investigated as presented 

elsewhere [20]. The concentration of adsorbed P and NPs was calculated according to equation 1: 
 

qe= [(Co−CA)V]/m    (1) 

where Co and CA show the initial and equilibrium P and NPs concentrations (mg/L), respectively; V 

is the volume of the solution (mL) and m is the amount of CB-F3GA@mPHEMA (mg) [9, 20, 30]. 

 

3.4.1. Effect of Contact Time 

 

Contact time of P and NPs on CB-F3GA@mPHEMA was studied (Figure. 8). Batch experiments 

were investigated by using their solutions in 25 mg/L concentration at pH=2.0. As shown in Figure. 

8, adsorption rate was firstly fast, and saturation degree was step by step achieved in about 20 min 

for all P and NPs. 4-NP was adsorbed much faster than other NPs. 4-NP has high affinity to CB-

F3GA@mPHEMA microbeads because of far from the central atom. Their arrangement of 

adsorption rate was as follows: 4-NP> 3-NP >2-NP > P.  
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Previous studies on the adsorption of phenolic pollutants by different materials have given in 

different adsorption times. Ravi et al have found 20 h equilibrium adsorption time for P and cresol 

isomers adsorption on activated carbon (AC) [5]. Furuya et al. have examined 2 weeks equilibrium 

adsorption for nitro- and NPs on granular AC [7]. 

 

The adsorption rates received with the CB-F3GA@mPHEMA developed by us look like to be more 

useful. Therefore, the adsorption that we obtained was comparable with the data presented in the 

previous articles about CPs and NPs [9, 20, 30,37]. 

 

 

Figure 8.  Adsorption rates of P and NPs on the CB-F3GA@mPHEMA (initial concentration 25 

mg/L, T 25C, pH 2, agitation rate 400 rpm). 

 

3.4.2. Effects of Initial Concentration of NPs 

The P and NPs adsorption versus the initial concentration of NPs is given in Figure. 9. It is clear 

that the amount of adsorbed phenol notable raised with the initial NPs concentration. 

 

 
Figure 9.  P and NPs adsorption capacity of the CB-F3GA@mPHEMA (T 25 C, pH 2, agitation 

rate 400 rpm). 
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Yang et al have studied magnetic ZIF-67 substance to eliminate of 2-nitroresorcinol from 

wastewater [38]. Hammiche-bellal et al have investigated the utilization of magnetite Fe3O4 as a 

catalyst for the transformation of 4-NP to 4-aminophenol (4-AP). The higher the ratio of Fe
3+

, the 

more active is the catalyst [39]. 

 

3.4.4. Effects of pH 

As shown in Figure 10 pH versus adsorbed P and NPs are given. The adsorption reduced with 

escalating pH. Maximum adsorption of P and NPs happened at pH 2.00. But, in between 2.00 and 

6.00 pH range, there is not important fallen in the adsorption. The adsorption was notably reduced 

above pH=6.5. The amount of adsorbed on the CB-F3GA@mPHEMA in pH=6.5 are maximum for 

3.04 mg.g
-1

 4-NP, 1.88 mg.g
-1

 3-NP, 1.32 mg.g
-1

 2-NP, and 1.24 mg.g
-1

 P. The order is as follows: 

4-NP >3-NP >2-NP >P. The affinity of the NPs changes because of the chemical structure in CB-

F3GA@mPHEMA. A distinction in geometric form is presumably for the immobilized CB-

F3GA@mPHEMA ligand, following in a comparatively adsorption of 4-NP. 

 

The intermolecular affinity between NPs and CB-F3GA@mPHEMA are low in the neutral pH. The 

falling in adsorption may be because of the competing OH
-1

 groups. This can be described to either 

the adsorption of OH
-
 ions onto the positive charge centers of CB-F3GA@mPHEMA or the 

deprotonation of surface OH
-
 groups. 

 

 
Figure 10.  Effect of pH on adsorption of P and NPs on the CB-F3GA@mPHEMA. (initial 

concentration 25 mg/L, T 25C, agitation rate 400 rpm). 

 

3.4.5. Adsorption Kinetics 

The experimental data obtained from the Ce/qe versus Ce straight shows that it fits the linear 

Langmuir equation. The values of parameters Q, KL, and R
2
 were tabulated in Table 2, in which the 

values of R
2
: 0.997, 0.997, 0.9985, and 0.994 respectively, indicated that the Langmuir model can 

be well used to fit the sorption data of 4-NP, 3-NP, 2-NP and P. 
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Table 2. Langmuir isotherm parameters for Ph and NPs adsorption on CB-F3GA@mPHEMA 

microbeads (initial concentration 25 mg/L, T 25C, agitation rate 400 rpm). 
 

Adsorbent Langmuir Coef. 4-NP 3-NP 2-NP Ph 

CB-F3GA@mPHEMA 

KL 0.200 0.094 0.066 0.065 

Q
0
 1.512 0.532 0.248 0.236 

R
2
 0.997 0.997 0.985 0.994 

 

3.4.6. Regeneration of CB-F3GA@mPHEMA 

Desorption treatments were made with ethyl alcohol mixture (30%, v/v). The CB-

F3GA@mPHEMA loaded P and NPs were located within the desorption medium, and then the 

amount of NPs desorbed in 30 minute was calculated. 

 

4. Conclusions 

 

Waters including phenolic pollutants pose an imported problem. CB-F3GA@mPHEMA was 

studied for adsorption/desorption of P and NPs from aquatic media.  

The results of this study are presented below. 

 The maximum adsorption capacities of CB-F3GA@mPHEMA from solution were 3.04 mg.g-

1 for 4-NP, 1.88 mg.g
-1

 for 3-NP, 1.32 mg.g
-1

 for 2-NP, and 1.24 mg.g
-1

 for P.  

 The affinity sequence was as follows: 4-NP>3-NP>2-NP>P.  

 The adsorption capacity of P and NPs increased with decreasing pH. The adsorption of 

phenolic compounds reduced with increasing pH. The adsorption of NPs was high as 

compared to Ph, because NPs are more hydrophobic nature than P. 

 Alternate adsorption and desorption cycles exhibited the usability of this CB-

F3GA@mPHEMA for elimination of P and NPs from solutions. 

 CB-F3GA@mPHEMA has shown to be an effective new type of adsorbents in water 

treatment area. 

 CB-F3GA@mPHEMA could be repeatedly used 3 times without any noteworthy loss of 

adsorption capacity.  

 

Finally, CB-F3GA@mPHEMA may have a great subscribe to the sustainable environment. 

Certainly, these adsorbents present many benefits for the wastewater treatment processes. 

 

Acknowledgments 

 

We would like to extend our thanks to Afyon Kocatepe University via Scientific Research Projects 

(No: 08.FENED.15 and 09.FENED.04) due to its financial support to this study. 

 

References  

 

[1]. Singh, D.-K., Mishra A. "Removal of Organic Pollutants by the Use of Iron(III) Hydroxide-

Loaded Marble" Sep. Sci. Technol. 1993, 28 (10): 1923-1931.  

[2]. Slein, M.-W., Sansone, E.-B. "Molecular Carcinogenesis and the Molecular Biology of 

Human Cancer" Degradation of Chemical Carcinogens; Van Nostrand Reinhold, New York, 

(1980). 



Uçar M., Erçolak K. And Uçar S. ECJSE 2020 (3) 1518-1528   

 

1527 

 

[3]. Dutta N., Borthakur S., Baruah R. “A novel process for recovery of phenol from alkaline 

wastewater: laboratory study and predesign cost estimate”  Water environment research, 

1998, 70: 4-9.  

[4]. Streat, M., “Ion Exchange for Industry” Ellis Horwood Ltd. Chichester, U.K., (1988). 

[5]. Ravi, V.P., R.V. Jasra, and T.S.G. Bhat, “Adsorption of Phenol, Cresol Isomers and Benzyl 

Alcohol from Aqueous Solution on Activated Carbon at 278, 298 and 323 K,” J. Chem. 

Technol. Biotechnol., 1998, 71, 173–179. 

[6]. Shu H.T., Li D., Scala A.A. and Ma, Y.H., “Adsorption of small organic pollutants from 

aqueous streams by aluminosilicate” Sep. Purif. Technol 1997, 11, 27. 

[7]. Furuya, E.-G., Chang, H.-T., Miura, Y., Noll, K.-E., “A fundamental analysis of the isotherm 

for the adsorption of phenolic compounds an activated carbon” Sep. Purif. Technol. 1997, 11 

(2): 69-78.  

[8]. Dargaville, T.-R., Looney, M.-G., Solomon, H.-D., “The adsorption of multinuclear phenolic 

compounds on activated carbon” J. Colloid Interf. Sci. 1996, 182: 17-25.  

[9]. Uçar M., “Adsorption of chlorophenolic compounds on activated clinoptilolite”Adsorption 

Science & Technology, 2019, 37: 664-679. 

[10]. Denizli, A., Şatıroğlu, N., Patır, S., Bektas¸, S., Genc¸, Ö., “Magnetic Polymethylmethacrylate 

Microbeads Carrying Amine Functional Groups For Removal Of Pb(II) From Aqueous 

Solutions” J. Macromol. Sci. Pure  2000, 37: 1647–1662.  

[11]. Rengaraj S., Moon S. H., Sivabalan R., Arabindoo B., Murugesan V., “Agricultural solid 

waste for the removal of organics: adsorption of phenol from water and wastewater by palm 

seed coat activated carbon”  Waste Manage. 2002, 22 (5): 543–548.  

[12]. Roostaei N., Tezel F.-H., “Removal of phenol from aqueous solutions by adsorption” J. 

Environ. Manage. 2004, 70 (2): 157–164.  

[13]. Vazquez I., Rodriguez  J., Maranon E., Castrillon L., Fernandez Y. J., “Simultaneous removal 

of phenol, ammonium and thiocyanate from coke wastewater by aerobic biodegradation” 

Hazard. Mater. 2006, 137 (3): 1773–1780.  

[14]. Yavuz Y., Koparal S., “Electrochemical  oxidation  of  phenol  in  a  parallel plate  reactor  

using  ruthenium  mixed  metal  oxide electrode” J. Hazard. Mater. 2006, 136 (2): 296–302.  

[15]. Srivastava V.-C., Swamy M.-M., Mall I.-D., Prasad B., Mishra I. M., “Adsorptive removal of 

phenol by bagasse fly ash and activated carbon: Equilibrium, kinetics and thermodynamics” 

Colloids Surface A. 2006, 272, (1–2) 89-104. 

[16]. Ince N., Apikyan I., “Combination of activated carbon adsorption with light-enhanced 

chemical oxidation via hydrogen peroxide” Water Res. 2000, 34 (17): 4169–4176.  

[17]. Arıca Y., Yavuz H., Patır S. and Denizli A., ““Immobilisation  of glucoamylase   on   to   

spacerarm   attached   magnetic   poly-(methylmethacrylate) microspheres: characterization 

and application to a continuous flow reactor”” J. Mol Catal B  Enzym 2000, 2-3 (11): 127 – 

138.   

[18]. Odabaşı M., Denizli A., “Cibacron Blue F3GA‐attached magnetic poly (2‐hydroxyethyl 

methacrylate) beads for human serum albumin adsorption” Polym. Int. 2004, 53, 332–338.  

[19]. Saleh T.-A., Adio S.-O., Asif M., Dafalla H. J., “Statistical   analysis   of   phenols   

adsorption   on diethylenetriamine-modified activated carbon” Clean Prod. 2018, 182 (1): 

960-968.  

[20]. Denizli A., Özkan G., and Uçar M., “Removal of chlorophenols from aquatic systems with 

dye-affinity microbeads” Sep. Purif. Technol. 2001, 24: 255-262.  

[21]. Lin S.-H., and Juang R.-S., “Adsorption of phenol and its derivatives from water using 

synthetic resins and low-cost natural adsorbents: a review.” J. Environ. Manage. 2009, 90 (3): 

1336-1349.  

[22]. Kuralay F., Yılmaz E., Uzun L., Denizli A., “Cibacron Blue F3GA modified disposable pencil 

graphite electrode for the investigation of affinity binding to bovine serum albumin” Colloids 

and Surfaces B 2013, 110: 270-274.  

[23]. Tüzmen N., Akdoğan F., Kalburcu T., Akgöl S., Denizli A., “Development of the magnetic beads for dye ligand affinity chromatography and application to magnetically stabilized fluidized bed system” Process Biochem. 2010, 45: 556–562.  



ECJSE 2020 (3) 1518-1528 Removal of Phenol and Nitrophenols from Aquatic … 

 

1528 

 

[24]. Tüzmen N., Kalburcu T., Denizli A., “α-Amylase immobilization onto dye attached magnetic 

beads: Optimization and characterization” J. Mol. Catal. B: Enzym 2012, 78: 16-23.  

[25]. Gu X., Kang H., Li H., Liu X., Dong F., Fu M., and Chen J., “Adsorption Removal of Various 

Nitrophenols in Aqueous Solution by Aminopropyl-Modified Mesoporous MCM-48” J. 

Chem. Eng. Data  2018, 63 (9): 3606–3614.  

[26]. Chen J., Sun X., Lin L., Dong X., “Adsorption removal of o-nitrophenol and p-nitrophenol 

from wastewater by metal-organic framework Cr-BDC” Chinese J. Chem. Eng. 2017,  25 (6): 

775-781.  

[27]. Kordić B., Jović B., Tričković Y., Kovačević M., “Adsorption of selected nitrophenols on 

activated carbon in the presence of nicotinamide” J. Mol. Liq. 2018, 259: 7-15.  

[28]. Aazza M., Ahlafi H., Moussout H., Maghat H., “Adsorption of metha-nitrophenol onto 

alumina and HDTMA modified alumina: Kinetic, isotherm and mechanism investigations” J. 

Mol. Liq. 2018, 268 587-597.  

[29]. Doğan A., Özkara S., Sarı M.-M., Uzun L., Denizli A., “Evaluation of human interferon 

adsorption performance of Cibacron Blue F3GA attached cryogels and interferon purification 

by using FPLC system” J. Chromatogr. B 2012, 893– 894: 69– 76.  

[30]. Uçar S., Evcin A., Uçar M., Alibeyli R., Majdan M., “Removal of Phenol and Chlorophenols 

from Aquatic System Using Activated Clinoptilolite”  Hacettepe J. Biol. Chem. 2015, 43 (3): 

237-251.  

[31]. Basar N., Uzun L., Güner A., Denizli A., “Spectral characterization of lysozyme adsorption 

on dye‐affinity beads” J. App. Poly. Sci. 2008, 108 (6): 3454-3461.  

[32]. Bayramoğlu G., Arıca B., Yalçın E., Ito K. and Yagci Y., “Novel hydrogel membrane based 

on copoly(hydroxyethyl methacrylate/p-vinylbenzylpoly(ethylene oxide)) for biomedical 

applications: Properties and drug release characteristics”  2005, 5: 983–992. 

[33]. Soykan C., Delibas A., Coskun R., “Copolymers of N-(4-bromophenyl)-2-methacrylamide 

with 2-hydroxyethyl methacrylate” 2007, 68 (1): 114–124. 

[34]. Shanmugam D., Alagappan M., Rajan R.-K., “Bench-scale packed bed sorption of Cibacron 

blue F3GA using lucrative algal biomass” Alexandria Engineering Journal 2016, 55: 2995–

3003.  

[35]. Altıntaş E.-B., and Denizli A., “Efficient removal of albumin from human serum by monosize 

dye-affinity beads” J. Chromatogr. B 2006, 832: 216–223. 

[36]. Ahmaruzzaman, M., Sharma, D.K., “Adsorption of phenols from wastewater”, Journal of 

Colloid and Interface Science, 2005, 287:14-24.  

[37]. Denizli A., Özkan G., and Uçar M., “Dye‐affinity microbeads for removal of phenols and 

nitrophenols from aquatic systems” J. App. Poly. Sci. 2002, 83 (11), 2411-2418.  

[38]. Yang Q., Lu R., Ren S.-S., Zhou H., Wu Q., Zhen Y., Chen Z., Fang S., “Magnetic beads 

embedded in poly (sodium-p-styrenesulfonate) and ZIF-67: Removal of nitrophenol from 

water” J. Solid State Chem. 2018, 265: 200-207.  

[39]. Hammiche-bellal Y., Benadda-kordjani A., Benrabaa R., Djadoun A., Meddour-boukhobza 

L., “Efficiency of magnetite as nanocrystalline bulk catalyst for the reduction of 4-

nitrophenol” J. Environ. Chem. Eng. 2018, 6 (2): 2355-2362.  


