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Abstract - Activated carbon (AC) has been considered one of the oldest and most widely used adsorbents for the removal of organic
and inorganic pollutants in water and wastewater treatment. The physical and chemical structure of AC can be altered by various
modification methods, especially to improve the treatment performance for specific pollutants. The modification can be classified into
three categories namely, chemical, physical and biological which are further subdivided into their related treatment techniques (such as
acidic, basic, heat etc.). The aim of this study is to modification and characterization of the original powder activated carbon (PAC) with
sulfonic acid. Original AC and modified AC characterization analysis were performed based on morphological properties, pore size
distributions and structural properties such as scanning electron microscope (SEM), brunauer—-emmett—teller (BET), fourier transform
infrared spectrophotometer (FTIR) and dynamic light scattering (DLS). The sulfonic acid modification method was effective in alteration
the porous structure and surface properties of PAC. As a result of the sulfonic acid modification, the BET surface area increased from
273.56 m?/g to 868.48 m?/g. It was observed that AC-S had lower pHpzc values than the original adsorbent. In the FTIR spectrum of AC-
S adsorbent, it was observed that 1993.6 cm* band was added to the structure, unlike the original AC. This peak indicates S=O groups
and SOzH group, which indicates that the AC surface is functionalized with sulfonic groups. Overall, the results showed that sulfonic
acid functionalized activated carbon can be used effectively in adsorption studies depending on the properties of the targeted pollutants.
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1. Introduction

Activated carbon (AC) has been proven as a commonly used adsorbent for remove organic and inorganic pollutants in
conventional treatment processes [1]. Main advantages of AC are including high adsorption capacity [2], large surface area,
high porosity [3] and the presence of a wide spectrum of surface functional groups. Two types of often used activated carbon
are powdered activated carbon and granular activated carbon [4]. Commercial powdered or granular activated carbon
adsorption has not been feasible used in water treatment plants in practice for large molecular weight and heterogeneous
mixtures such as natural organic matters. The modification is widely used to change various physicochemical properties of
AC for different types of applications. Various modification methods highly effective on the adsorption properties of ACs
have been developed that changes the amount and diversity of the surface functional groups [5]. The modification can be
classified into three categories namely, chemical, physical and biological which are further subdivided into their related
treatment techniques (such as acidic, basic, heat) [6, 5].

In the literature the most studied modification methods were treatment with acids, bases and impregnation with different
materials. Particularly, acid modification is employed to oxidize the porous carbon surface, increase its acidic properties,
remove mineral elements and improve the hydrophilic properties of the surface [7]. Various reagents such as nitric acid,
sulfuric acid, potassium permanganate, hydrogen peroxide and ozone have been frequently used in the modification of the
carbon surface to obtain a more hydrophilic surface structure associated with the greater presence of oxygen-containing
groups [7, 8]. In many studies, it has been stated that acid modification is a very effective method especially because of the
addition of a significant number of strong or weakly oxygenated acidic groups containing mainly carboxylic, lactone and
phenolic hydroxyl groups to the carbon surface [9, 10].

Recently, it has been thought that modification with sulfonic acid instead of sulfuric acid, which is another method that
could increase surface acidity, may have significant potential [11, 12]. It has been reported that chlorosulfonic acid
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modification bring about an electrostatic interaction between the adsorbent and the surface, and is effective on the surface
morphology [13, 14]. Before determining the adsorption capacity of AC on various pollutants, it is important to understand
how the modification changes the surface properties and the factors affecting the adsorption. These features including surface
area, pore diameter, surface morphology, pore size distribution and surface functional groups with different properties [15].

This study aimed to investigate modification and characterization of activated carbons by sulfonic acid for water
treatment. Commercial powdered activated carbon (PAC) with different properties was preferred in this study. Original AC
and modified with sulfonic (AC-S) characterization analysis, were determined morphological properties, pore size
distributions and structural properties such as scanning electron microscope (SEM), brunauer—-emmett-teller (BET), fourier
transform infrared spectrophotometer (FTIR) and dynamic light scattering (DLS). Original and modified AC was compared
in terms of physicochemical properties. The characterization results can be considered a reference for activated carbon
modification with sulfonic acid especially, for studies investigating the choice of adsorbent in specific pollutant adsorption.

2. Material and Methods

The modification process steps are shown in Figure 1. The study, commercial AC Puriss (AC) in powder activated
carbon (PAC) form (Sigma-Aldrich) was selected to modification. Goswami and Phukan [14] has been implemented by
modifying the method applied in his study. Modification studies of AC were carried out with sulfonic acid and all
chemicals were of either analytical or reagent grade. In the modification of sulfonic acid, firstly added 900 ml of
dichloromethane and mixed ultrasonically for 45 minutes. Next, has added 30 ml of chlorosulfonic acid and stirred for
180 minutes. Finally, filtered the sample, and washed it with ethanol and distilled water. After these stages, the
modification process was completed. The modified activated carbon obtained is labelled as AC-S. Subsequently,
physicochemical characterization of ACs in terms of specific surface area, point of zero charge (pHezc), SEM and FTIR
analysis were determined. pHpzc values of the adsorbents were determined through a pH equilibration method [16].
The 0,1 M NacCl solution in purified water was adjusted with 0.5 M HCI and / or 0.5 M NaOH so that the pH values
were 2, 3,4,5,6,7,8,9, 10, 11,12. After, 20 ml samples were taken from these solutions into 25 ml amber sample
bottles and 100 mg of adsorbent was added on each. Control samples without adsorbents were also prepared for each
pH value. The prepared samples were mixed for 48 hours at 100 rpm and 20 + 5 °C. At the end of the mixing period, the
samples were kept for 1 hour to precipitate the adsorbents and the pH values of the samples were measured. The pHpzc
value is the pH value that remains constant after 48 hours of contact time. For the original and modified activated
carbons, the pHpzc value remaining constant after 48 hours was recorded, and the effect of modification with acid on
the net surface load of the adsorbents was determined.

The surface morphology of the adsorbents was analyzed with a Zeiss Evo LS10 scanning electron microscope
(SEM).Specific surface area of samples was determined using a Micromeritics Gemini V analyzer employing nitrogen
adsorption at 77 K. Brunauer-Emmett-Teller (BET) equation was used to calculate surface areas from nitrogen
adsorption isotherms. FTIR analysis were performed with Perkin Elmer 400 Ft-IR/FT-FIR spectrometer in the
wavelength range of 400-4000 cm™. DLS measurements were performed at room temperature with the Malvern
NanoZS90 instrument equipped with a 633 nm laser. Data were collected with a scattering angle of 173°.
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Fig.1: Sulfonic acid modification
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3. Results/Discussion
Characterization of Original and Modified AC

It is very essential to know the porous structure and specific surface chemistry of any adsorbent in order to understand
the absorptive capacity [17]. The physical characteristics of activated carbon are commonly described with surface area, pore
size, pore volume and their distribution. N, adsorption desorption isotherms were used to understand the changes caused by
the modification on the surface area and pore properties. The pore structure properties and pHp.c values obtained by using
these isotherms are given in Table 1. A significant increase in surface area was observed AC-S after modification. BET
surface area increased from 273.56 m?/g to 868.48 m?/g after sulfonic acid modification. Saha et al. [18] stated that such an
increase in surface area is due to the development of the mesopore region. Another important characterization result is that
total pore volume. An increase was observed in the total pore volume of AC adsorbent from 0.22 cm®/g to 0.88 cm®/g in AC-
S adsorbent. Pore size is a vigorous determinant for the performance of activated carbon than the total surface area and can
increase the removal capacity for pollutant molecules targeting exclusively the pore size [19, 20]. AC, typically has 3 pore
classes, these are classified as macropores greater than 50 nm, mesopores between 2 and 50 nm, and micropores less than 2
nm [21] In this study, the original and modified adsorbents have mesopore structures ranging from 2 to 5 nm. The pore
diameter, which was 3.24 nm for the original AC adsorbent, was determined as 4.18 nm after sulfonic acid modification.

Table 1: Some physicochemical characterization properties of adsorbents

BET Surface Total Pore Volume
Adsorbents Area - Pore Diameter (nm) pHpzc
Seer (M?g?) (em’g)
Original AC 273.56 0.22 3.24 7.09
AC-S 868.48 0.88 4.18 2.95

*SBET: Surface area calculated by Brunauer-Emmett-Teller theory; Pore diameter: It represents the point of adsorption average pore diameter (BET 4V/A).

The surface chemistry of adsorbents is characterized by the neutral charge point (pHezc, pH value at which the total net
surface charge is zero). Above the zero charge point, the particle is negatively charged, and below that, the particle is
positively charged. This situation affects the adsorbate-adsorbent system in adsorption and thus the pollutant removal
capacity [22]. It was observed that all modified carbons had lower pHezc values than the original carbon sample. As should
be expected, introduction of acidic functional groups can decrease the PHpzc of carbon surfaces. The pHpzc value of the
original AC adsorbent showed a decreasing trend from 7.09 to 2.95 values in the AC-S adsorbent. This indicates that the
acidic properties have been more dominant in the AC-S adsorbent and may contain more weakly acidic functional groups.
Goswami and Phukan [14] determined pHpzc values of activated carbon and sulfonic acid modified activated carbon and
pHezc values of modified and virgin activated carbons were 5.18 and 2.4, respectively, in their dye adsorption study.

Activated Carbon Morphological and Chemical Structure Characterization

SEM is a type of electron microscope that produces images of a sample by scanning it with a focused beam of electrons,
and is a technique used to determine the surface morphologies and surface physical properties of the materials under
investigation [23]. The results of SEM analysis of original AC and sulfonic acid modified AC-S samples at 2 pm size and
500 KX magpnification scale are given in Figure 2. It was observed that AC, had minimal differences in surface morphology
after sulfonic modification. AC-S appears to have a cleaner and smoother structure compared to AC. The high surface area
created by the modification in the structure of AC-S is consistent with the BET results. It is thought that this will increase
the contact area and facilitate mass transfer during adsorption.
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FTIR spectra is an important method used in the qualitative analysis of the distributions of functional groups on the
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Fig. 2: SEM micrographs (2 pm mag: 500 KX) AC and AC-S

surface [24]. IR spectra, the x-axis represents the wave number of the ray in cm™, and the y-axis represents the %T (%

transmittance) value related to the intensity of the transmitted ray. FTIR spectra AC and AC-S are shown in Figure 3. The
3793 cm* band of AC adsorbent in the IR spectrum disappeared in AC-S adsorbent as a result of modification with sulfonic

acid. The spectrum of AC-S revealed the peak at 3560.3 cm™! corresponding to the bonded -OH group. Another newly formed
peak has a wavelength of 1993.6 cm-1. Similarly, Kamari et al. [25] associated the peaks between about 1649-2900 cm'!
with relate to S=O groups and OH stretching absorption of the SOsH group, respectively. The peaks at 2100-2400 ¢cm?,
which are also included in the spectra of the AC-S carbon, are attributed to the double bonded C=0 groups [9].
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Fig. 3: FTIR spectra AC and AC-S

The particle size distribution of the original and modified activated carbons was determined by DLS analysis. DLS
measurements were performed at room temperature with the Malvern NanoZS90 instrument equipped with a 633 nm laser.
DLS is the most suitable technique for the estimation of nanoparticle sizes dispersed or dissolved in solvents and can be
applied to a wide variety of particle sizes ranging from a few nanometers to micrometers [26]. DLS histograms of AC and
AC-S are shown in Figure 4. The particle size distribution of the AC adsorbent was calculated as 313.32 nm as a result of
the weighted average calculation method. The particle size distribution value of AC-S adsorbent compared to the original
AC increased by 34% and was calculated as 417.64 nm.
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Fig. 4: DLS histograms of AC and AC-S

4. Conclusion

The performance of the adsorption process largely depends on the properties of the adsorbent used, and the adsorption
performance can be increased by changing the properties of the adsorbent with surface modification methods. In addition, it
is very important to interpret the effect of modification on adsorbent characterization in organic and inorganic pollutant
adsorption. In this study, it was investigated how the modification of the original activated carbon with sulfonic acid changed
the adsorbent characterization. The results showed that the sulfonic modification method was effective in changing the
physical and chemical properties of AC surfaces.
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The important results can be listed as follows: after sulfonic acid modification, BET surface area, pore diameter and
total pore volume increase were observed in the adsorbent structure. The pHpzc value of the adsorbent modified with
acid was lower than that of the original adsorbent. In the FTIR spectrum of AC-S adsorbent, it was observed that 1993.6
1 band was added to the structure, unlike the original AC. The presence of 3560.3 cm-1 peak, which is associated with
OH stretching vibration, in AC-S adsorbent proved the effect of sulfonic acid modification. DLS analysis results was
positive effect of sulfonic acid modification on the particle size distribution. The results of this research suggest that the
sulfonic acid surface modification method can be used effectively in adsorption studies depending on the properties of
the targeted pollutants. The adsorbent characterization results and sulfonic acid modification will contribute to the
literature.
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