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A B S T R A C T  

In the presented study, it was investigated the synthesis of activated carbon (AC), 

magnetic activated carbon (MagAC), styrene-butadiene styrene magnetic activated carbon 

(SBS/MagAC) and poly charbonat magnetic activated carbon (PC/MagAC) samples. 

Thermogravimetric Analyzer (TGA), Differential Scanning Calorimeter (DSC), Scanning 

Electron Microscope (SEM), X-Ray Diffractometer (XRD), Fourier Transform Infrared 

Spectrophotometer (FTIR analysis), Brunauer-Emmett-Teller (BET) analysis were used for 

characterization studies. Adsorbent type, temperature, solid-liquid ratio, initial 

concentrations and solution pH were selected as parameters in experiments. The 

experimental study was carried out at low pH yields were higher and performance was 98-

99% in AC and Mag/AC samples. It was found that the polymer coated magnetic materials 

did not perform very well at high pH. It was also seen that MagAC and SBS/MagAC are 

more effective than AC and PC/MagAC to remove phenol.  

 

1. Introduction 

Phenol (C6H5OH), an aromatic compound, is one of the 

126 most toxic chemicals and is very dangerous, harmful, 

and causes excretion of dark urine, impaired vision, 

diarrhea and sour mouth. Marine life additionally tends to 

be disturbed by the chemical phenol due to its toxic nature. 

The effective removal of these pollutants from 

wastewater is a problem of great importance and interest. 

Great research efforts on adsorption processes and 

adsorbent materials for separating organic pollutants from 

waste streams have been developed. Phenol is obtained 

from coal tar or benzene. It is a common pollutant in 

wastewater as a result of its widespread use in different 

industrial fields (pharmaceutical, steel, textile industry, 

plastics, dyestuff, paper, epoxy, phenolic resin, pesticide, 

insecticide, petroleum refinery, coal gasification, olive 

water, etc.) [1,2].  

The simple and effective way can be used to remove 

organic pollutant and also recycling, recover and reuse 

adsorbent materials. When the literature studies are 
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examined, it is seen that the adsorption method is mostly 

preferred and used for phenol removal. However, it is stated 

that new methods, especially by using activated carbon-

based materials, can provide different results and selectivity 

for phenol with nano-based materials. The application of 

magnetic particle technology to solve environmental 

problems has received considerable attention.  Magnetic 

particles can be used to adsorb contaminants from aqueous 

or gaseous effluents and after adsorption, can be separated 

from the medium by a simple magnetic process. Examples 

of this technology are the use of magnetite particles to 

accelerate the coagula of   sewage [3,4]. The samples of 

activated carbon (AC) coated with magnetically iron- 

containing iron components (FeO. γ-Fe2O3 or Fe3O4) have 

recently been used to remove toxic organic [5,6]. Cr(VI) [7], 

different heavy metals [8], antibiotics [9] and As (V) [10] to 

purify effluent streams using adsorption method. These new 

adsorbent materials can be used for different purposes after 

being coated with certain polymeric materials. In the 

literature, it has been stated that the chemical bond with 

mercury on the activated carbon surface may be the result 

of Hg-Cl and Hg-S interactions [11]. In the presented study, 

especially the phenol with toxic pollution was tried to be 

removed, taking into account that magnetic nanomaterials 

can be easily removed from the aqueous environment. The 

reason for using activated carbon material is better loading 

of the magnetic material, the height of the surface area and 

then the easy feasibility of recovering the adsorbent in the 

magnetic field. In addition, their characterization and other 

structural properties were investigated.  

2. Materials and method 
Commercially available Activated carbon samples were 

used in all experimental studies. These examples were 

provided as "Sigma-Aldrich 242276".  The Iron salts were 

commercially available (ZAG, ZK.100380.1000) and were 

prepared according to literature studies [12]. In the 

presented experimental study, three different adsorbents 

were prepared and used. FeCl3 (1.08 g) and FeCl2 (2.40 g) 

and 150 ml distilled water were added as the first adsorbent. 

For the second sample, SBS (1 g) + THF/DMF 50ml 

(30:20) samples were prepared. The third sample was PC (1 

g) and THF/DMF 50ml (30:20) samples. Then, after these 

samples were stirred at 60-65°C for 2 hours, FeCl3 (1.08 g) 

and FeCl2 (2.40 g) were added to them. Then, 5 g of NaOH 

was added and mixed for 1 hour and left overnight. It was 

washed several times with distilled water and then filtered 

and dried in an oven to constant weight. These examples 

are called Mag/AC, SBS/MagAC, and PC/MagC. 

2.1. Characterization of nanoparticle 

material 

Perkin-Elmer Lambda 35 UV-Vis Spectrophotometer 

for UV-Vis absorbance, Perkin-Elmer Pyris 1 

Thermogravimetric Analyzer for TGA analysis, Perkin-

Elmer Diamond Differential Scanning Calorimeter for DSC 

analysis, Scanning Electron Microscope for SEM images 

(JSM 7600). Rigaku-Smart-Lab-X-Ray Diffractometer for 

XRD analysis, Thermo Scientific. Nicolet Is10. Fourier 

Transform Infrared Spectrophotometer for FTIR analysis 

and Micromeritics TriStar II PLUS for Brunauer-Emmett-

Teller (BET) analysis were used for characterization studies.  

3. Results and Discussion 

Characterization of materials synthesized by using 

different polymer materials constitutes an important part of 

the study. Considering this situation, the samples of all 

three nanomaterials (AC, MagAC, SBS/MagAC and 

PC/MagAC) Structural and characterization were 

investigated by various analytical techniques such as FTIR, 

SEM, EDS, XRD, TGA, DSC and BET. The obtained data 

were tried to be evaluated by considering similar studies. 

the results are given below in order. 

3.1. SEM/EDS images and BET Analysis 

SEM and EDS results have an important place in order 

to see closely the surface topography, morphological 

structures of the prepared materials and the general states of 

the atoms or molecules in the structure formed when coated 

with polymeric material. These data are given in Figure 1 

below. 

SEM images of activated carbon samples show a porous 

structure with a clear porosity. The porous structure here is 

evident with many cavities, recessed and protruding forms 

on the outer surface. On the other hand, in MagAC and 

PC/MagAC, it is observed that there may be more dull and 

clear aggregation. This suggests that the magnetic material 

adheres to the porous surfaces and the pores of the 

adsorbent. SEM images of the SBS/MagAC material are 

shown in figure 1c. Here, it is seen that the polymeric 

material leads to more aggregation. More agglomeration, 

especially in the surface topography, can be associated with 

significant diffusion of polymers into the pores of the 

activated carbon. When the EDS analyzes of the adsorbent 

materials are examined, too much Ca, Fe, C and O elements 

are observed here, not only on the AC surface. A very 

limited situation is seen on the AC surface. it is seen that it 

contains small amounts of Na and Mg elements. In addition, 

trace amounts of Cu and Si elements are observed in 

SBS/MagAC material. In the BET surface area 

measurement, the surface areas of AC and synthesized 

materials are generally as AC (687.751 m2g-1) > MagAC 

(636.86 m2g-1) > PC/MagAC (304.56 m2g-1) > SBS/MagAC 

(251.31m2g-1) distribution. 

3.2. XRD Images 

Figure 2 shows the XRD pattern of the polymeric 

materials with activated carbon support.  

As seen from the Figure 2, the 2-theta degree of no 

treated activated carbon with sharply 20.82°, 26.42°, 29.37°, 

42.82° and 62.26° peaks are seen in the sample confirming 

the homogeneous and regular crystal structure. The peaks at 

26.42° and 42.82° presented the (002) and (100) planes 

respectively. Also, the 26.42° diffraction peak displays the 

growing of AC on the direction of the (002) surface [13]. In 

addition, the XRD pattern of other samples were examined, 

the peak intensity and some crystallite changings were 

observed suggesting the transforming of crystal structure to 

amorphous timely. In a word, the FWHM values were 

wider than that of other AC support samples. It can be 

concluded that particle size and amorphous phenomenon 

decrease [14].  
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Fig. 1. SEM and EDS images of adsorbent materials a) AC, b) MagAC, c) SBS/MagAC, d) PC/MagAC 
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Fig. 2.  XRD images of different adsorbent materials 

In MagAC, the diffraction peak at 35.45° with iron 

components was observed with together AC diffraction 

peaks. These results strongly show that iron components 

during the synthase with treatment of strong base 

participated of all iron ions. The crystallite structure of PC 

and SBS was not changing on iron based components. As 

seen in SBS/MagAC diffraction peaks, FWHM values 

increased with decreasing of peak intensity indicating an 

effective size distribution of SBS on AC support. All XRD 

pattern presented that AC support polymeric materials were 

synthesized efficiently and effective dispersion of 

magnetic/polymeric components on AC support.  

3.3. TGA analysis 

TGA analysis of the samples prepared using activated 

carbon-based and different polymeric materials and the 

relationship between temperature and mass loss was 

investigated. Obtained results are given in Figure 3. 

 
Fig 3. TGA results of AC, MagAC, BS/MagAC, and PC/MagAC 

adsorbents 

In short, TGA is a method studied to examine the ability 

of a substance to maintain its mass (thermal stability) under 

different conditions. In an other saying, it is the continuous 

monitoring of the changes in the mass of the substance 

depending on  as function of the temperature. As seen from 

Fig 3, it is seen that the TGA values of AC generally lose 

mass with increasing temperature and a significant peak 

change occurs. Here, a significant peak change was 

appeared  at MagAC and PC/MagAC samples at 

approximately 800°C and at the other SBS/MagAC samples 

at 850°C. This can be explained that the thermogravimetric 

method is dynamic that the system will never reach 

equilibrium and that changes in the amorphous and 

crystalline structure can occur with increasing temperature 

[15]. It can be said in general from all the data that mass 

loss was evident and sharp in all adsorbents starting from 

800 °C. This is particularly explained  to the decomposition 

and change of the carbon skeleton found in polymer-coated 

materials [16].  

3.4. DSC analysis 

DSC analysis of the samples prepared using activated 

carbon-based and different polymeric materials, the 

relationship between temperature and mass loss was 

investigated. Obtained results are given in Figure 4. 

 
Fig. 4. DSC results of AC, MagAC, SBS/MagAC and PC/MagAC 

adsorbents 

The DSC method is widely used in the research and 

development, process optimization and quality monitoring 

of plastics, rubber, coatings, pharmaceuticals, catalysts, 

inorganic materials, metal materials and composite 

materials. DSC analyses are preferred for thermal stability 

and oxidative stability of the material in different 

atmospheres, physical and chemical processes such as 

decomposition, adsorption, desorption, oxidation and 

reduction, and further reaction kinetics. Here are the 

experimental factors that affect the analysis and 

measurement. Factors such as temperature increase, sample 

dosage, particle size, convection, turbulence and sample 

tightness have significant effects. In the DSC process, the 

temperature of all sample and reference is increased at a 

regular rate by measuring the amount of energy absorbed or 

released while the sample is heated and cooled or kept at a 

constant temperature. When endothermic heat is applied to 

the sample simultaneously, on the other hand, there is heat 

transfer to the outside at the same time, where an 

esothermic drum is observed. In this process, the losses and 

gains in the sample are realized. Here, the heating of the 

sample appears as a function of temperature. When 

examined in Figure 4, it is observed that endothermic peaks 

occur around 100°C in AC samples. An exothermic peak of 

the MagAC sample was formed and increased by being 

affected by the temperature. Exothermic peaks are observed 

at 500°C in SBS/MagAC samples, and endothermic peaks 

are observed in PC/MagAC samples at 100°C and 300°C. 

Significant changes were observed specially in 

SBS/MagAC samples. in others, very significant changes 

were observed to be limited. 
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3.5. FT-IR Images 

FT-IR spectra of polymeric coated magnetic materials 

using activated carbon samples are given in Fig.5. 

Figure 5, shows the FTIR spectra of the adsorbent 

samples. As seen from the Figure 5, the –OH peak at 

3041.85 cm-1 of AC  presented the interactions of Fe3O4 

confirming a shifting to 3013.96 cm-1. This is indicating an 

effective physical interaction on the OH groups. The 

shifting of 1216.36 cm-1 peak to 1223.16 cm-1, displays the 

C-O bond attached with –OH group. The C-H, C=O and C 

= C peaks was seen at 2880.90 cm-1, 1714.43 cm-1 and 

shrinkage 1536.03 cm-1 peaks respectively. This is 

explained that no interactions were observed with these 

peaks. The PC based AC with interaction of Fe2Fe3O4 

exhibited the shifting of OH peak from 3019.96 cm-1 to 

3421.76 cm-1. This is suggested that the hydrogen bonds 

between -COO group and –OH molecules caused during 

the synthesized of PBS/MagAC. Also, the C=O bond seen 

at 1648.86 cm-1 confirmed this reality. With the connecting 

of hydrogen bond decreased the peak intensity at 1648.86 

cm-1. The 603.39 cm-1 peak in polycarbonate-bonded 

MagAC composite material was not showed the Fe-C bond 

in MagAC sample. In addition, the peak of C-O bond at 

1223.16 cm-1 in Mag/AC sample showed the less 

interactions between polycarbonate and MagAC with 

confirming the 1171.22 cm-1 peak. Also, the IR spectra of 

the polymeric samples obtained with Fe2Fe3O4 coated 

activated carbon was seen [17,18].  

 

 
Fig. 5. FT-IR results a) AC vs MagAC, b) AC vs PC/MagAC, c) AC vs SBS/MagAC adsorbents 

a) 

b) 

c) 
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Table 1a. In phenol adsorption of AC and Mag AC and I. II. degree kinetic model and particle diffusion data 
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Ads. dos. (gL-1) 

0.5 0.90 196.07 186.98 0. 5 0.99 8.58 86.15 0.89 10.70 0.88 169.49 163.35 1.00 0.99 6.74 89.74 0.77 6.12 

1.0 0.84 153.84 147.21 0.8 0.99 7.09 68.36 0.72 8.49 0.84 185.18 162.33 0. 20 0.99 12.26 12.12 0.93 30.80 

2.0 0.85 78.74 72.91 0.8 0.99 4.40 20.79 0.93 17.14 0.86 101.01 87.21 0.05 0.99 6.53 13.97 0.89 22.93 

Temp. (K) 

291 0.79 51.28 44.50 0.9 0.98 2.88 4.37 0.94 24.97 0.88 76.33 38.50 0.3 0.87 3.82 6.46 0.93 6.58 

298 0.88 36.10 36.45 0.8 0.99 0.43 29.01 0.91 34.29 0.74 34.36 34.07 11.1 0.99 0.44 28.54 0.85 2.67 

308 0.82 34.36 34.41 11 0.99 3.21 6.16 0.96 2.64 0.81 33.33 34.01 6.01 0.99 0.39 27.09 0.72 4.90 

Initial Con.(mgL-1) 

125 0.85 46.94 46.16 3.0 0.99 3.21 6.16 0.96 7.22 0.84 40.81 40.70 0.41 0.99 1.01 27.18 0.95 61.43 

250 0.70 70.42 70.91 5.1 0.99 0.66 27.71 0.75 2.82 0.85 68.49 68.14 7.01 0.99 0.90 57.61 0.85 2.10 

500 0.77 135.13 134.01 3.1 0.99 0.40 29.12 0.91 2.49 0.85 129.87 128.20 3.03 0.99 1.31 111.48 0.88 2.60 

Initial pH 

3.0 0.86 38.46 35.66 1.35 0.98 1.94 11.09 0.97 28.04 0.87 24.75 24.48 4.04 0.99 0.89 13.20 0.96 10.21 

5.0 0.77 39.21 36.99 1.10 0.98 1.91 13.17 0.98 27.03 0.87 27.70 25.06 2.02 0.98 1.57 6.23 0.95 19.95 

7.0 0.86 40.16 36.41 1.21 0.98 2.25 8.76 0.97 27.46 0.86 19.76 18.90 4.01 0.99 0.99 7.17 0.89 13.23 

9.0 0.58 38.16 34.94 1.12 0.98 2.03 10.69 0.94 28.62 0.86 11.45 10.29 5.02 0.99 0.83 0.77 0.83 19.44 
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Table 1b. Phenol adsorption. SBS / MagAC and PC / MagAC I.II.degree kinetic model and particle diffusion data 
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Ads. dos. (gL-1) 

0.5 0.85 200.00 183.77 0.03 099 11.78 44.58 0.92 181.39 0.85 188.67 168.37 0.2 0.97 10.81 35.78 0.96 27.21 

1.0 0.85 185.18 156.28 0.01 0.96 12.74 2.79 0.93 639.88 0.88 144.92 122.14 0.2 0.99 9.37 9.36 0.94 31.99 

2.0 0.82 84.74 63.93 0.03 0.98 5.61 4.39 0.95 521.40 0.85 120.48 50.58 0.2 0.97 4.86 11.84 0.94 78.21 

Temp. (K) 

291 0.77 31.05 24.08 10.1 0.98 2.15 1.68 0.94 4.11 0.86 45.45 30.52 0.06 0.97 2.88 4.37 0.94 6.14 

298 0.75 27.39 27.03 11.0 0.99 0.44 21.59 0.87 3.36 0.86 29.15 28.66 13 0.99 0.45 23.59 0.86 2.85 

308 0.56 24.57 24.92 100 0.99 0.03 24.76 0.87 0.40 0.82 26.88 27.55 17 0.99 0.57 25.44 0.89 2.36 

Initial Conc.(mgL-1) 

125 0.82 29.23 29.19 16 0.99 0.52 23.19 0.66 2.14 0.86 34.12 33.90 0.8 0.99 0.69 25.40 0.92 42.82 

250 0.86 56.49 55.94 4.2 0.99 1.07 42.40 0.95 4.26 0.82 58.13 57.33 7.0 0.99 0.76 48.58 0.72 2.55 

500 0.81 140.84 139.94 3.1 0.99 1.54 121.37 0.94 2.31 0.86 126.58 126.22 2.0 0.99 2.19 97.61 0.95 3.57 

Initial pH 

3.0 0.75 24.27 14.50 1.0 0.86 1.46 3.14 0.94 68.97 0.82 28.01 27.57 6.0 0.99 0.76 18.23 0.94 11.49 

5.0 0.86 36.49 18.73 0.6 0.95 1.85 3.70 0.95 88.98 0.80 31.25 30.64 4.0 0.99 1.02 18.04 0.96 13.35 

7.0 0.85 20.53 14.83 1.6 0.94 1.50 2.39 0.91 42.14 0.85 27.54 26.57 4.0 0.99 0.98 14.49 0.94 16.86 

9.0 0.86 4.79 3.65 6.1 0.98 0.29 0.23 0.97 44.91 0.80 19.96 18.78 5.0 0.99 1.03 7.26 0.84 54.79 
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3.6. Adsorption Kinetics 

The modified adsorbents are potential adsorbents due to 

their non-toxicity and efficiency. They contain chemically 

active functional groups that serve as efficient sites to bind 

adsorbents. The functional groups present in modified AC 

have affinity for removal phenol such as chemisorption, 

complexation, adsorption on surface. To obtain the kinetics 

of the phenol adsorption process on all adsorbents. Three 

kinetic models were studied (i.e. pseudo-first-order. 

pseudo-second-order and intra-particle diffusion kinetic 

models). The obtained results are shown in Table 1a and 

Table 1b. 

When the data obtained from this study were evaluated, 

it was seen that the pseudo-first order model for all 

adsorbents was not suitable for seeing the interaction 

between phenol and all adsorbents due to lower R2 values 

(0.56-0.90) and smaller theoretical qe values. When the R2 

value obtained from the intraparticle diffusion model is 

examined, it is in the range of 0.72-0.96 and is false-second 

(0.99). The R2 value obtained from the intraparticle 

diffusion model is in the range of 0.72-0.96 and is pseudo-

second order (0.99). These results showed that adsorption 

of phenol on AC and magnetic materials followed pseudo 

second order in all parameters examined. The higher R2 

value of the intraparticle diffusion kinetics indicates that the 

ongoing adsorption process can also conform to the 

intraparticle diffusion kinetics. The theoretical qe values 

(from the so-called second order model) are close to the 

values obtained from the experimental results which further 

confirms their suitability. In this case the adsorption process 

of phenol can be described as chemisorption and the rate 

determination step is suggested to be surface adsorption. 

Given the intraparticle diffusion model it can be said that 

there is a close agreement between the experimental and 

theoretical qe value confirming the applicability of this 

model to explain phenol adsorption by all adsorbents. This 

shown that surface adsorption and intraparticle diffusion 

occur simultaneously. This can be mainly attributed in two 

stages firstly the outer surface of the adsorbents and later 

one the diffusion into the pores [19].  

4. CONCLUSION 

From The presented study, it was seen that AC, 

MagAC, SBS / MagAC and PC / MagAC can be used as 

good adsorbents to remove high phenol matter from 

wastewater. Different characterization study was 

investigated for the structural characterization of adsorbents 

such as; Scanning electron microscopy (SEM), X-ray 

diffraction (XRD) analysis and Brunauer Emmett Teller 

(BET) measurements. Adsorption kinetics were conducted 

to investigate the adsorption potential of all adsorbents for 

phenol removal. The kinetic models appeared that the 

adsorption process onto adsorbents at all temperatures 

obeyed pseudo-second-order and intra-particle diffusion 

models rather than the pseudo-first-order kinetic model (R2: 

0.98-1.00). It has been seen that the efficiency realized in 

the whole adsorption can be realized as AC ≥ MgAC ≥ 

PC/MagAC ≥ SBS/MagAC samples, respectively.  As a 

result, although higher efficiency is obtained with AC, it is 

observed that phenol can be removed from the aqueous 

environment more easily, especially when magnetic and 

polymeric materials are studied. 
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