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Anthropogenic activities with increasing population lead the pollution of ecosystems. Over one-
third of the world's water resources are utilized for agricultural, domestic, and industrial activities,
resulting in contamination by synthetic, and geogenic compounds such as dyes, fertilizers,
pesticides, and heavy metals. Among these pollutants, dyes are particularly noteworthy due to their
extensive use across various sectors, making them one of the leading contributors to water pollution.
For this reason, dyes are one of the most important pollutants that cause water pollution. Therefore,
the adsorption of Bromophenol blue (BPB) was studied in this study. Firstly, PGMA gels were
produced by polymerizing of glycidyl methacrylate (GMA) monomer. Secondly, the PGMA gels
were modified to prepare the new adsorbents for the adsorption of BPB dye. Thirdly, the adsorption
of BPB dye was carried out. The batch adsorption method was used. The optimum adsorbent
amount, initial BPB concentration, pH, and temperature parameters for PGMA gels were
determined. The adsorption mechanism between modified PGMA gels, and BPB dye was
elucidated by Langmuir, Freundlich, Dubinin-Radushkevich, and Temkin isotherm models. As a
result, it was seen that modified PGMA gels showed good performance in the adsorption of BPB.
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Introduction

Organic dyes are one of the most commonly used and
therefore most common hazardous organic pollutants in the
environment. The main sources of dyes are primarily
leather, textile, plastic, paper, cosmetic, and food industries
(Namasivayam et al., 1994). The wastewaters discahrged
as aresult of dyeing processes contain generally high levels
of colored components, and this not only causes aesthetic
discomfort but also negatively affects biological processes
in water bodies. It is well known that azo dyes (e.g.
aromatic amines and azo groups) are carcinogenic (Malik,
2004).

The estimates reveal that each year, approximately 12%
of synthetic textile dyes are directly discharged during
production processes without treatment (Morais et al.,
1999). Dyes such as bromophenol blue are frequently
preferred compounds for coloring purposes. However, the
discharge of these dyes into water resources without
treatment poses significant environmental threats by
creating toxic effects on both human health, and natural life
(Yao et al., 2020). For example, dyes can cause allergic
reactions and skin irritation in humans; many of them are
also mutagenic and/or carcinogenic (Ghaedi et al., 2013).

This work is licensed under Creative Commons Attribution 4.0 International License

In addition, dyes cause water to become colored even in
very low concentrations (<1 mg/L). This reduces the
transparency of the water, negatively affecting
photosynthesis and leading to a decrease in the level of
dissolved oxygen (Moradihamedani, 2022).

The removal of dyes from wastewaters is still continued
a significant environmental problem and technical
challenge. In an effective dye treatment method, large
amounts of dyes should be rapidly removed while not
causing secondary pollution (Katheresan et al., 2018). To
date, various chemical, biological, and physical methods
were developed for the dye removal (Mashkoor & Nasar,
2020). Although there are many methods in the literature,
most of them are not used due to their lack of sustainability
and high costs. For example, biological methods can be
effective in removing industrial dyes via biodegradation.
However, for biological methods, relatively large areas are
required. In addition, these methods are easily affected by
environmental conditions. Therefore, the use of these
methods is limited. In chemical methods, such as
coagulation, ion exchange resins, and advanced oxidation
are used; however, these methods are generally high-cost,
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and can lead to the formation of undesirable by-products.
In other hand, although physical methods such as filtration,
and adsorption also have some limitations (Raman &
Kanmani, 2016, Mezohegyi et al., 2012), the adsorption
method is the most common method for the removal of
dyes from industrial wastewater due to its high efficiency,
ease of use and low cost. Adsorption stands out as an
attractive alternative because it can effectively remove
various types of dyes without by-products in wastewater
(Mokif, 2019).

In light of the above information, this study aimed to
efficiently remove BPB dye, which is widely used in the
industry via adsorption method (El-Zahhar et al., 2014;
Akpomie et al., 2024). In this context, PGMA gels were
synthesized. Then, these gels were modified and
characterized. Lastly, the performance of these gels in the
adsorption of BPB dye was examined in detail.

Materials and Methods

Materials

N,N'-Methylenebisacrylamide (MBA, 99%), Glycidyl
methacrylate (GMA, 97%), N,N,N',N'-
Tetramethylethylenediamine  (TEMED, 99%), and

Ethylenediamine (EDA) were purchased from Merck,
Ammonium peroxodisulphate (APS) from Sigma Aldrich,
and Bromophenol blue (BPB, Mn: 669.96 g mol-1) was
purchased from AFG Bioscience.

Synthesis of PGMA gels

PGMA gels were prepared using MBA as a crosslinker.
For this, 65 mg (0.75% mol of PGMA) of MBA, and 6 mL
of distilled water (DW) were added to 8.0 g of GMA. The
mixture was stirred at room temperature for one hour using
a magnetic stirrer. Subsequently, 400 pL of TEMED was
added to the solution and vortexed for 1 minute, followed
by the addition of 1 mol% (140 mg) of APS. The mixture
was vortexed again for 2 minutes. Once the milky solution
obtained, it was transferred into pipettes. These pipettes
were placed on a tube shaker set at 70 rpm and left to react
at room temperature for 24 hours. After the reaction was
complete, the pipettes were carefully opened and the gels
obtained. Then gels washed with DW for two days, and
dried at 70°C. Finally, the dried gels were ground for
subsequent characterization, and modification.

Modification of PGMA gels

PGMA gels were modified according to Gokkus et al.
(2023). 4 g of PGMA gel, 16.9 g (0.28 mol, 10-fold of
PGMA mole) EDA and 25 mL toluene were introduced to
the round-bottomed reaction flask. The reaction was
conducted 24 h at room temperature and then continued to
the reaction at 80 °C for another 8 h. During this period,
the solution was continuously stirred at low speed on a
magnetic stirrer. End of the reaction, the modified PGMA
gels were washed with ethanol, ethanol/distilled water
(DW) mixture, and DW, respectively. Thus, PGMA-EDA
gels were obtained (Figure 2).

The chemical structures of PGMA-EDA gels were
revealed by FT-IR (Bruker, Alpha II), the structures, and
gels’ surface morphology were investigated by SEM (FEI
Quanta FEG250), and their thermal stabilities were
analysized by TGA-DTA analysis (Hitachi STA7300).

Figure 1. PGMA gels.
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Figure 2. Modification of PGMA gels

Adsorption Experiments

Adsorption experiments were carried out in three
replicates with batch adsorption method. In these studies,
the effects of variables such as temperature (15 - 50 °C),
pH (2 - 10), contact time (60 - 360 min), initial dye
concentration (20 - 500 ppm), and PGMA-EDA amount (5
- 50 mg) on PGMA-EDA gels’ adsorption capacity were
investigated. The solution volume was 10 mL, and the
shaking speed was kept constant at 300 rpm in all
adsorption experiments. The absorbance of BPB solutions
was measured at 664 nm wavelength with Hach Lange
DR9000 UV-VIS spectrophotometer. The adsorption
capacity and efficiency (%) of removal calculations of
PGMA-EDA gels were carried out using Equation (1), and
Equation (2), respectively.

(Co—Ce)
Qe =7V (1

Dye removal (%) = @ * 100 % 2)

o

The solution volume is V (L), the initial, and final
solution concentrations of BPB dye are Co, and Ce (mg L
! or ppm), respectively and the adsorbed dry mass is W (g).

Adsorption Kinetics

The adsorption kinetics were examined to determine the
equilibrium time of the adsorbent and the mechanism of BPB
removal from wastewater. The resulting data were analyzed
using pseudo-first-order (PFO; Lagergren, 1898), pseudo-
second-order (PSO; Ho & McKay, 1999), Weber-Morris
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intraparticle diffusion (ID; Weber & Morris, 1963), and
Elovich (Benjelloun et al., 2021) kinetic models. The
equations for the kinetic models are given below. (Egs 3-6):

Pseudo-first order: In(qe- gt ) = Inge - ki.t 3)
Pseudo-second order: t/q; = 1/kz.qe” + t/qe 4)
Intra particle diffusion: q; = kiq. t'2 + 1 (5)
Elovich: q=P In(ap)-In(t) (6)

Where the dye amounts adsorbed, and at time t are e,
and qy, respectively. The equilibrium rate constants of PFO
(1/min), PSO (g/mg.min), and ID model (mg/g.min'?) are
ki, ks, and kig, respectively.

Adsorption Isotherms

Experimental data were analyzed using Langmuir
(Langmuir, 1916), Freundlich (Freundlich, 1906),
Dubinin-Radushkevich  (Radushkevich, 1947), and
Temkin (Tempkin & Pyzhev 1940) isotherm models to
assess the adsorption equilibrium. A detailed explanation
of each isotherm model is provided below (Eq 7-13):

Langmuir
1 1
Ce — 4+ Ce (7)
qe qmaxb qmax
1
" 1+bC, ®)
Freundlich
1
lnqe:Ian+—1nCe )
n
Tempkin
ge = Ki - In (at) + K; - InC. (10)
D-R
Ing, =lng, — B¢’ (11
(12)

£=RTIn[l+ (%,))]

" "

Ks, Ry, and Ks are the constants for the
Langmuir, Freundlich and Tempkin models, respectively.
C. is the dye concentration after adsorption, qe, and qmax are
capacity of adsorption at time t, and maximum adsorption,
respectively. n means strength of the adsorption process,
and if it is between 1, and 10, it means that the adsorption
process is favorable. R is the gas constant (8.314 J K-'mol
1, T is the absolute temperature in Kelvin, B indicates the
mean free energy of sorption per molecule of sorbate.

Results and Discussion

Characterization of Polymer Particles

FT-IR analyses were perfomed to evaluate that the
synthesis and modifications of PGMA gels were successful.
FT-IR spectra of PGMA, and PGMA-EDA are given in
Figure 3. When Figure 3A was examined for PGMA,; it was
determined that the peaks observed at 3000 and 2934 cm'
were the stretching belonging to aliphatic C-H bonds in the
polymer structure, the peak at 1721 cm™ was the stretching
belonging to the C=0 group of the ester structure, the peak at
1250 cm’! was the stretching belonging to both the C-O-C
groups in the ester structure, and the C-O-C groups in the
epoxy ring, the peak at 1133 cm! was the bending of the C-
O-C group of the ester , and the peaks at 905, 842, and 754
cm’! were typical stretching, and bending peaks belonging to
the C-O-C groups in the epoxy ring.
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Figure 3. FT-IR spectra. PGMA (A), PGMA-EDA (B),
and merged graphs (C).

455



Giilcemal and Gékkus / Turkish Journal of Agriculture - Food Science and Technology, 13(2): 453-463, 2025

Figure 4 SEM images of PGMA (A) from 50 um, (B)
from 30 um, and SEM images of PGMA-EDA (C) from
50 um, (D) from 30 pm.

In PGMA-EDA gels, unlike PGMA, new peaks
belonging to N-H, and NH, groups formed as a result of
the reaction, and new peaks belonging to -OH group
formed by the opening of the epoxy ring should be seen in
the FT-IR spectrum. At the same time, the peaks belonging
to this ring should disappear due to the opening of the
epoxy ring. When the graph belonging to PGMA-EDA is
examined in Figure 3, it was seen that the typical stretching
vibrations belonging to N-H, and NH; groups were in the
range of 3536-3140 cm™!, and the peaks belonging to -OH
group are widely located from 3700 to 2500 cm™. At the
same time, it was understood that the peaks at 905, 842,
and 754 cm™ belonging to the epoxy ring of PGMA were
not seen in the structure. These results were revealed that
the PGMA gels were successfully modified.

The surface morphologies of PGMA gel, and PGMA-
EDA were determined by SEM. The images obtained are
presented in Figure 4. As it is known, polymeric gels have
a weblike structure depending on the type, and size of the
crosslinker used. Weblike structures in SEM images
showed that polymeric gels were successfully obtained
from GMA monomer (Figure 4A). However, this weblike
structure was somewhat closed or filled after the
modification of PGMA gels with EDA (Figure 4B). The
main reason for this was the addition of a bulky molecule
(EDA) to the structure of the polymer. This addition
naturally led to a closure of the pores. However, the welike
structure still remained as it is.

The thermal stabilities of the synthesized PGMA gels,
and their modified forms (PGMA-EDA) within the scope
of the study were revealed by TGA analyses. The obtained
graphics are presented in Figure 5. Accordingly, the first
mass loss for PGMA was observed at 133 °C. The mass
loss at this temperature was 2.32%. The next mass loss
started at 265 °C, and after this temperature, PGMA rapidly
underwent thermal degradation. The mass loss was 3.03%
up to 265 °C. This mass loss showed that the PGMA gel
had a quite stable structure up to 265 °C. On the other h and
the situation was slightly different in PGMA-EDA gels.
The first mass losses started to be seen immediately after
the polymer was heated and ended at 148 °C. It was
calculated that PGMA-EDA lost 14.03% mass during this
time. From 148 °C to 217 °C, the mass loss (4.17%) was
not too much. However, immediately after this
temperature, PGMA-EDA rapidly lost mass and degraded.
The main reason for these rapid mass losses observed in
PGMA-EDA ws thought to be due to the difference in
hydrophilicity between PGMA and PGMA-EDA because
PGMA is hydrophobic and does not retain water. However,
after being modified with EDA, it has N-H, and O-H
groups that can make strong hydrogen bonds. It was
thought that these mass losses may be due to the removal
of water in the structures of PGMA-EDA after washing.
However, from the second mass loss, it was seen that the
modification by amine groups seriously reduces the
thermal stability of PGMA gels.

Adsorption Studies

Determination of contact time

Adsorption is a process in which the interactions
between the adsorbent and adsorbate are balanced.
Properly finding the contact time between the adsorbate
and adsorbent is crucial for maximizing the efficiency of
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the adsorbent. Insufficient contact time can hinder the
effectiveness of the adsorption process. Otherwise, time
and energy will be lost. For this reason, the equilibrium
times for BPB were first determined in this study. The
experiments were carried out for BPB between 5-360
minutes (100 mg L' BPB concentration, 25 °C, and 30 mg
PGMA-EDA gels, pH 4.3, and 300 rpm shaking speed)
(Figure 6). According to the Figure 6, BPB was rapidly
adsorbed onto PGMA-EDA gels (38.11 mg g!) until the
240th minute. After this, the adsorption increase stopped
and did not change. For this reason, the adsorption
equilibrium time for BPB was assumed to be 240 min.
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Figure 5. Thermogravimetric analyses of PGMA (A), and
PGMA-EDA (B).

45 100

40 4 - 90

35 o - 80

- 70
30

- 60

q, (mgg™)
% Removal

25

50

R X
—o—g,(mg g’

—a— % Removal

30

0 50 100 150 200 250 300 350 400
Contact time (min)

Figure 6. Adsorption equilibrium time graph obtained for
PGMA-EDA gels.

Adsorption Kinetics

The adsorption rate is a critical factor to reveal the
mechanism of the adsorption when selecting an effective
adsorbent (Repo et al., 2011). Therefore, the mechanism
between PGMA-EDA gels, and BPB were investigated via
various kinetic models (PFO, PSO, ID, and the Elovich).
The calculated results for the kinetic models were
summarized in Table 1 and graphs were presented in
Figure 7, respectively. The data obtained from contact time
experiments were used to calculate the kinetic models.

The PFO model suggests that the occupancy adsorption
rate sites are proportional to the occupied areas, while the
PSO model argues that this ratio is related to the square of
the occupied areas (Chien, 1963, Altaher et al., 2014).
When PFO, and PSO correlation coefficients for BPB
(0.734, and 0.999, respectively) were compared, it was
seen that the PSO model had a higher R? value (0.999)
(Figure 7A and B, respectively). When the q. values for
both models (17.71, and 39.53 mg g!, respectively) were
compared with the experimental qex, values (38.12 mg g™),
it was seen that the values obtained with PSO were quite
close to each other. These two situations showed that the
BPB adsorption was more suitable for the PSO kinetic
model. It appears that the rate-determining step could
involve chemisorption, characterized by valence forces
through electron sharing or exchange between PGMA-
EDA gels and BPB molecules (Oter et al., 2024). Similar
results were obtained in the literature (El-Zahhar et al.,
2014; Gokkus et al., 2023; Gokkus et al., 2024; Oter et al.,
2024)

The adsorption process typically occurs in three distinct
stages over time. Firstly, dye molecules are transported
from the liquid phase to the adsorbent surface through
external diffusion. Secondly, the dye molecules diffuse
internally into the pores of the adsorbent. Thirdly, chemical
and/or physical bonds are formed between the active sites
and the adsorbate within the adsorbent pores (Ahmed &
Abou-Gamra, 2016). The non-linearity observed in the
kinetic studies’ graphs indicates that the adsorption process
involves sequential steps and displays multiple linear
phases. When the adsorption between PGMA-EDA gels,
and BPB was evaluated using the ID model, the adsorption
occured in two stages (Figure 7). In the first stage, the
adsorption capacity rapidly reached 33.27 mg g!, and this
rate decreased in the second stage. At the beginning of the
process (first stage), since the surface-active sites of
PGMA-EDA gels were empty, BPB molecules quickly
adsorbed on these sites. Therefore, adsorption occurred
rapidly in the first stage. In the second stage, it was
observed that BPB molecules diffused into the macropores
of PGMA-EDA gels, which decreased the adsorption rate.

Determination of adsorbent amount

Determination of the optimum adsorbent amount is
extremely critical in order to prevent an increase in cost
without a decrease in adsorption efficiency. If the amount
of adsorbent is low, sufficient efficiency cannot be
obtained from the adsorbent due to insufficient active site.
Otherwise, adsorption will not be economical due to the
use of excess adsorbent. For this reason, experiments were
conducted to find the optimal amount of adsorbent (5, 15,
25,35, and 50 mg). During the experiments, 25 °C, 100 mg
L' BPB concentration, pH 4.3, 10 mL volume, 300 rpm
shaking speed, and 240 minutes were kept constant. The
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maximum capacity of adsorption was determined as 5 mg
adsorbent amount (68.74 mg g'), and the minimum
capacity of adsorption was found as 50 mg adsorbent
amount (19.33 mg g') (Figure 8). When the results were
evaluated, it was seen that the q. decreased depending on
the increase in the adsorbent amount. The adsorption
capacity increased rapidly up to 25 mg PGMA-EDA
amount (38.12 mg g-1 and 95.03%) and then the increase
rate decreased obviously. Therefore, it was decided that the
optimum amount of PGMA-EDA was 25 mg. The
subsequent experiments were continued with 25 mg of
PGMA-EDA. The most probable reason for this situation
was thought to be the agglomeration of PGMA-EDA due

to the low solution volume (10 mL). The aggregation of the
gels prevented the distribution of BPB molecules on the
adsorbent surface, and this effect became more pronounced
when 50 mg of adsorbent was used. Alver & Metin (2012)
reported in their studies that the adsorbent amount
positively affected the adsorption process up to a certain
extent, and then the efficiency decreased because of the
agglomeration of the adsorbent. Bulut & Aydm (2006)
reported similar results, and implied that this was due to
some regions not reaching full saturation during
adsorption. These results were also obtained in the other
studies (Jirekar et al., 2014; Lapwanit et al., 2018).

Table 1. BPB adsorption kinetic parameters on PGMA-EDA gels.

Kinetic models Parameters BPB
ge (mg.g") 38.12
k; (min™) 0.003
PFO R 0.734
Gexp (Mg.g™) 17.71
ge(mg.g™) 38.12
k> (g.mg™! . min™) 2.28x107
PSO R? 0.999
exp (Mg.g") 39.53
ki (mg. g'min"?) 0.867
ID I (mg.g™) 20.66
R? 0.737
a (mg.g”'min™) 0.183
Elovich B (gmgh) 27.91
R’ 0.93
(A) *1(B)
1,3
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Figure 7. PFO (A), PSO (B), Elovich (C), and ID (D) kinetic models for the adsorption of BPB onto PGMA-EDA.
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Determination of initial dye concentration

To evaluate potential or capacity of an adsorbent,
determination of the optimum dye concentration is an
important parameter. Therefore, the optimum BPB
concentration was determined for PGMA-EDA gels with
20 - 500 mg L' of concentrations (Figure 9). During the
experiments, 25 °C, 25 mg PGMA-EDA gels, pH 4.3, 10
mL solution volume, 300 rpm shaking speed were kept
constant. The findings are presented in Figure 9. The
adsorption capacities of PGMA-EDA gels showed a
continuous increase from 20 mg L to 500 mg L' BPB
concentration. Meanwhile, the adsorption capacity raised
from 7.06 mg g to 128.15 mg g!. The highest qe value
was obtained with 128.15 mg g' for 500 mg L' BPB
concentration. However, at this concentration, % removal
efficiency decreased below 65%. At 200 mg L' BPB
concentration, qe value was 75.96 mg g”' corresponding to
removal efficiency of 94.96%, and at 250 mg L'
concentration, q. was calculated 87.24 mg g
corresponding to removal efficiency of 87.24%. Since the
efficiency decreased below 90% at 250 mg L
concentration, it was decided that the optimum BPB
concentration for PGMA-EDA gels was 200 mg L.
Subsequent experiments were continued with this
concentration. The increasing of the adsorption capacity
(qe¢) with the increasing BPB concentration could be
revealed by the repulsion of the BPB molecules. With the
effect of these repulsion forces, BPB quickly adhered to the
surface of PGMA-EDA gels. This repulsion also increased
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Figure 11. Effect of temperature on the adsorption of BPB.

the adsorption rate and diffusion of BPB into the pores of
PGMA-EDA gels. To increase the concentration also
caused a raised in the amount of dye adsorbed. This
observation was consistent with literature (Giirses et al.,
2006; Yagub et al., 2014). If the dye concentration was
increased, the available adsorption sites’ number decreased
and therefore the effect of BPB removal varied depending
on the initial BPB concentration and the dyes were
physically adsorbed only to the adsorbent’s outer surface
with a single layer (Mahmoodi et al., 2011).

Effect of pH

pH significantly affects the adsorption process by
changing the protonation degree and surface charge of
functional groups on adsorbents and dyes. Therefore,
determining the optimum pH for adsorption is of critical
importance. Therefore, in this study, adsorption of BPB
dye by PGMA-EDA gels was carried out with 2, 4, 6, 8,
and 10 pHs at 25 °C, 25 mg PGMA-EDA gels, 200 mg L"!
BPB concentration, 10 mL sample volume, 300 rpm
shaking speed. The minimum adsorption of BPB was
determined at pH 10 (43.64 mg g!), and the highest
adsorption was obtained at pH 4 (75.96 mg g™!) (Figure 10).
PGMA-EDA contains abundant amine groups in its
structure. Since these groups are protonated in acidic
environments, the surface charges of PGMA-EDA gels
increase. In contrast, BPB dye is anionic. Therefore,
PGMA-EDA being more cationic at pH 4 led to an increase
in the electrostatic attraction force between it and BPB.
Thus, the adsorption capacity of PGMA-EDA was the
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highest at pH 4. The number of protons increased
considerably at pH 2. It is thought that this caused the
protons to adsorb on the surface of BPB. Therefore, the
adsorption efficiency of PGMA-EDA decreased at pH 2.
Similar results were reported in other studies (Liu et al.,
2014; Dhananasekaran et al., 2016; Gokkus et al., 2024).

Adsorption thermodynamics and effect of temperature

The experiments were conducted at varying
temperatures (15-50 °C) keeping the conditions of 25 mg
PGMA-EDA gel, pH 4, 10 mL solution volume, 300 rpm
shaking speed, 200 mg L' BPB concentration, and 240
minutes constant. Therefore, the effect of temperature on
the adsorption process was evaluated. The lowest
adsorption capacity was observed as 72.41 mg g™ at 15 °C,
while the highest was recorded as 76.3 mg g ! at 30 °C. The
findings indicated a slight increase in the capacity of
adsorption when the temperature rose from 25 °C to 50 °C
(Figure 11). The increasing of adsorption efficiency with
the increasing of temperature was revealed the process was
endothermic. This meant that higher temperatures facilitate
greater adsorption of BPB molecules onto the PGMA-EDA
gel (Figure 11). Similar trends were obtained by Al-Ghouti
et al. (2005) and Giirses et al. (2006).

Thermodynamic evaluation of adsorption processes is
of great importance in terms of determining whether these
processes are spontaneous or not (Sun & Wang, 2010).
Therefore, Gibbs free energy (AG®), enthalpy (AH®), and
entropy (AS°) changes were -calculated from the
temperature reults. According to the data in Table 2, AG®
was calculated as 4.19 kJ mol!'. A positive AG® value
indicates that the adsorption of BPB occurred
spontaneously. AH® represents the enthalpy change during
the reaction; a negative value signifies an exothermic
reaction, while a positive value indicates an endothermic
reaction. As the calculated AH® value was determined to be
14.39 kJ mol™, it was concluded that the adsorption
between PGMA-EDA gels, and BPB was endothermic. A
negative AS° value indicates that the randomness
decreased during adsorption and the reaction became less
disordered. According to the experimental results, the AS°®
value for PGMA-EDA gels was found to be -64.46 J mol ™.
This highlighted the decreasing irregularity of the
adsorption process between PGMA-EDA gels and BPB.
The optimum adsorption conditions of PGMA-EDA on the
adsorption of BPB dye were summarized in the Table 3.

Table 2. Thermodynamic parameters of BPB adsorption on PGMA-EDA gels.

AS°(J mol'K1

TAS°(kJ mol!) AG°(k] mol ")

Temperature (°C) AH°(kJ mol!)
15
25
35 14.39
45
50

-64.46 -18.58 4.19

Table 3. Optimum conditions obtained for the adsorption of BPB dye for PGMA-EDA gels.

Parameters BPB
pH 4
Temperature (°C) 25
Initial BPB conc. (mg L) 200
PGMA-EDA amount (mg) 25
Equilibrium time (min) 240
Table 4. Isotherm parameters of BPB adsorption on PGMA-EDA gels
Isotherms Parameters BPB
Gumax (Mg.g") 128.15
Qeexp (mg.g™") 125.0
Langmuir K (L.mg™) 0.057
R 0.23
R? 0.97
Ky[(mg.g")(L.mg")"™] 12.88
Freundlich n 2.11
R? 0.77
Br 24.19
Temkin KT (L.gh 1.04
R? 0.94
Qmax (mg-g") 128.15
Qeexp (mg.g™") 98.4
Dubinin-Radushkevich B (mol2.J?) 3.49
E (kJ.mol'") 0.38
R? 0.97
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Adsorption isotherms
The adsorption between BPB and PGMA-EDA gels
was analyzed using experimental data based on the
Freundlich, Langmuir, Dubinin-Radushkevich (DR), and
Temkin isotherm models. The isotherm parameters for
BPB adsorption on PGMA-EDA gels are summarized in
¥=0.008%+0.14 Table 4, while the corresponding isotherm graphs are
R=0.97 presented in Figure 12. Among the models, Langmuir
isotherm value (the highest; 0.97), indicating that the
adsorption occurs on a monolayer and homogeneous
surface. This conclusion was further supported by the
calculated (qm; 128.15 mg g™!), and experimental (qe; 125.0
20 0 2 0 o0 & 60 120 130 10 180 200 mg g ') values. Additionally, the correlation values for the
C.(mgL") Temkin, and D-R isotherms were calculated as 0.94, and
0.97, respectively, as shown in Table 4, highlighting the
compatibility of these models with the adsorption process
? on PGMA-EDA gels. In a similar study, the removal
capacity of poly(quaternary ammonium salt) in the
removal of Acid Red 18 (AR18), and Acid Blue 25 (AB25)
dyes was investigated under both single, and binary
J047axe 1 systems. It was reported that Langmuir isotherm
R=0.77 demonstrated the best fit to the equilibrium data, indicating
o maximum monolayer adsorption (Mahmoodi et al., 2011).

Ry

Conclusion

06 . . . . This study focused on the efficient removal of BPB dye,
00 08 0 15 20 28 which is used intensively in the industry. For this purpose,
log(C.) PGMA gels were modified to produce PGMA-EDA gels and
used in the adsorption of BPB dye. Adsorption was performed
according to the ‘batch adsorption’ method in three replicates.
8 (C) In the study, the optimum pH, temperature, contact time,
shaking speed, dye concentration, and adsorbent amount for
PGMA-EDA gels were determined. pH 4, 25 °C, 240 mins,
200 mg L' BPB concentration, and 25 mg PGMA-EDA
amount were determined the optimum adsorption conditions
for PGMA-EDA gels.

In order to elucidate the adsorption mechanism,
Langmuir, Freundlich, Temkin, and Dubinin-
Radushkevich isotherms were performed with the data
obtained from the initial dye concentration experiments.
15 T r T T r On the other hand, calculations of PFO, and PSO kinetic

0 200000 400000 600000 800000 . .

) models were performed with the contact time data. As a
result of these calculations, the highest R? value among the
isotherm models for BPB was obtained for the Langmuir
isotherm. This result showed that the adsorption occured in
120 4 (D) - a monolayer and homogeneous structure and when the
correlation coefficients calculated with PFO, and PSO
models for BPB were compared, it was seen that the PSO
model had a higher R? value. This showed that the BPB
adsorption was more suitable for the PFO kinetic model.

y=-3.486x+4.58
R?=0.97

[

140

100 -

80

60 = y=24.19x-1.84

R’=0.94

q, (mg g™)
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