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Abstract Three different environmentally friendly new
composite hydrogels were synthesized and utilized as
absorbents for removal of toluidine blue (TB), alizarin red
S (AR), and gallocyanine (G) dyes from aqueous media.
The homo and co-hydrogels were synthesized via redox
polymerization technique from 2-acrylamido-2-methyl-1propane sulfonic acid sodium salt (AMPS) and 3-acrylamidopropyl-trimethyl ammonium chloride (APTMACl).
Polyporus squamosus (Huds.) Fr. [P. squamosus (Huds.)
Fr.] fungus was utilized as the bio-part of the composite
hydrogels. The effects of pH, contact time, and initial dyes
concentrations on the absorption of composite hydrogels
were investigated in sequence. It was concluded that Freundlich isotherm model was the best-fitted ones through
the computation of the experimentally observed data for
common isotherms models such as Freundlich and Langmuir. The maximum absorption of TB by p(AMPS)-P.
squamosus (Huds.) Fr., of AR by p(APTMACl)-P.
squamosus (Huds.) Fr., and of G by p(APTMACl)-P.
squamosus (Huds.) Fr. composite hydrogels were obtained
to be 40.9, 31.3, and 36.7 mg/g, respectively. In addition,
kinetic studies were carried out for all composite hydrogels
and absorbed dyes to obtain the absorption behaviors of
studied dyes. They were generally fitted well to a pseudosecond-order kinetic model, while TB dye absorption on
the p(AMPS)-P. squamosus (Huds.) Fr. composite
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hydrogel fitted a pseudofirst-order kinetic model.
obtained data were compared with the literature and
indicated that absorption capacities of both anionic
cationic composite hydrogels were considerable
utilization.
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Introduction
Pollutants from industries such as textile, printing, plastic,
food, paper, pharmaceutical, cosmetic, and leather tanning
are rather rich in dye and they are non-biodegradable,
complex organic molecules, and even carcinogenic.
Therefore, the discharges of these pollutants to the nearest
especially water sources cause of environmental pollution
in water and soil (Mahanta et al. 2008; Dong et al. 2013;
Wang et al. 2010; Yagub et al. 2014). These pollutants’
recovery through conventional physicochemical techniques
such as separation and pre-concentration techniques is
rather expensive and not eco-friendly. Therefore, biotechnological approaches have gained considerable importance
as an alternative tool in the recent years (Iyer et al. 2005;
Soylak et al. 2006; Vijayaraghavan et al. 2005; Akbari
et al. 2015). Microorganisms by the ability of a large part
of metabolic adaptability have shown resistance to different dye species including textile wastes, and many of them
have the potential to remove dyes from aqueous solution.
Both living and non-living biological biomass can be used
as an effective dye and heavy metal collector, but the use of
dead biomass is favored, since it is easy to handle; processes are growth independent and possess no harm while
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using pathogenic strains (Pal et al. 2006). Consequently,
biosorption is a popular technique that utilizes living/nonliving biological materials for the removal of dyes. Among
the most promising biomaterials studies, fungi are found to
be very efficient and economically important (Pal et al.
2006; Vijayaraghavan et al. 2005).
Researches in the field of environmentally benign processes have revealed that in need of new kind of materials
for removal of undesired contaminants from wastewaters
(such as acrylamide/maleic acid hydrogels (Saraydın et al.
2001), alginate/poly aspartate hydrogels (Jeon et al. 2008),
Coir pith activated carbon (Santhy and Selvapathy 2006),
and activated carbon (Al-Degs et al. 2008). Recently,
numerous approaches have been studied for the development of cheaper and more effective absorbents containing
functional polymers or polymers/composite mixture for
removal of a variety of pollutants (Ozay et al. 2011;
Sahiner et al. 2011). Hydrogels and their composites are
some of the most utilized materials among these approaches (Dong et al. 2013). Hydrogels as the crosslinked
hydrophilic polymers are soft, flexible, and versatile
materials and they can absorb large quantities of water and
swell (Ho and McKay 1999; Sahiner et al. 2006, 2014;
Alpaslan et al. 2014; Sahiner 2009). In addition, due to the
functional groups in their basis chain, hydrogels can
remove large quantities of dye forms and metal ions (Dong
et al. 2013). Thus, both cationic hydrogel (APTMACl) and
anionic hydrogel (AMPS) (a type of polymeric absorbent)
have a high absorption capacity due to the fact that they
show selectivity towards dye forms such as cationic and
anionic. Fungi are abundant in nature and cheaper and they
can be absorbed to different dye forms. Hydrogels can
quite increase absorption capacities to different dye forms.
The objective of this study was to synthesize both cationic
and anionic new composites from hydrogels and fungus. The
composite hydrogels were synthesized from AMPS and
APTMACl monomers via redox polymerization technique,
while Polyporus squamosus (Huds.) Fr. fungus was utilized as
the bio-part. In the absorption studies, various parameters such
as the initial dyes concentrations, pH, and contact time were
investigated. In addition, kinetic studies were carried out for
the absorption of TB, AR, and G dyes by the prepared composite hydrogels. Freundlich isotherm was the best-fitted
model among the isotherms that are commonly processed.

Experimental
Materials and Analysis Methods
3-acrylamidopropyl-trimethyl ammonium chloride (APTMACl) (75 wt%), 2-Acrylamido-2-methyl-1-propansulfonic acid sodium salt (AMPS) (50 wt%), toluidine blue

123

(TB) (C15H16ClN3S.0.5ZnCl2), alizarin red S (AR) (C14H7NaO7S), and gallocyanine (G) (C15H13ClN2O5) were
0
purchased from Sigma-Aldrich, and N, N -methylene
0
0
bisacrylamide (MBA) (99%), N, N, N , N -tetramethylethylenediamine (TEMED) (99%), and ammonium
persulfate (APS) (98%) were purchased from Merc. All
reagents were of analytical grade or highest purity available and used without further purification. Natural P.
squamosus (Huds.) Fr. fungus was collected from Yüksekova Territory in Hakkari Region, Turkey. The deionized
water (DI water) was obtained from 18.2 MX cm (Millipore Direct-Q3 UV). The pH measurements were carried
out with a Thermo Scientific pH meter. Ultraviolet spectroscopy (UV–Vis, Optizen POP, Korea) was used to
quantify absorbed amount the of TB, AR, and G dyes
during absorption studies.
Synthesis of Composite Hydrogels
First of all, naturally obtained fungi were ground and
sieved to obtain the desired particle size (below 150 lm),
dried in an oven at 40 °C for 24 h, and stored in desiccators
for further utilization. Then, the composite hydrogels,
which were p(AMPS-co-APTMACl)-P. squamosus (Huds.)
Fr., p(APTMACl)-P. squamosus (Huds.) Fr., and
p(AMPS)-P. squamosus (Huds.) Fr. were synthesized via
redox polymerization technique (Alpaslan et al. 2014).
Briefly, 1.5 mol% of MBA was dissolved in AMPS
monomer, and the mixture was added to APTMACl with
an equal amount to AMPS (1:1 mol ratio) and mixed
thoroughly. Thereafter, 0.025 g of P. squamosus (Huds.)
Fr. was added to the mixture. Then, 20 lL TEMED was
added to the fungus hydrogel mixture, and the initiator
solution APS (1 mol% of total monomer) in 100 lL water
was added to the reaction mixture. The reaction mixture
was mixed carefully for approximately 1 min and transferred into plastic straws with 5 mm diameter and allowed
to polymerize and crosslink to complete the reaction at
ambient temperature for approximately 1 hour. Then,
composite hydrogels were removed from the plastic straws,
cut into 6 mm-long cylinders, and cleaned by placing in DI
water for 72 h. The composite hydrogels were washed with
fresh water every 8 h to remove unreacted species, which
were a monomer, polymer, crosslinker, fungus, and initiator. After the cleaning procedure, composite hydrogels
were dried in an oven at 40 °C to a constant weight and
kept in sealed containers for further studies (Sahiner and
Alpaslan 2014; Ersen Dudu et al. 2015). The other composite hydrogels were synthesized by the similar
procedure.
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Characterization and Swelling Behavior
of the Composite Hydrogels
The FT-IR analysis of composite hydrogels was completed
with Fourier Transform Spectroscopy (FT-IR, Thermo
Nicolet iS10 FT-IR Spectrometer, USA) spectra using
ATR apparatus with 4 1/cm resolution between 4000 and
650 1/cm.
Setaram Labsys Evo Gravimetric Analyzer (TG/DSC
1600 model, France) was processed to describe the thermal
behaviors of the composite hydrogels. Approximately
4–6 mg of samples were placed in ceramic crucibles and
analyzed during heating up to 50–1000 °C under Argon
atmosphere with 100 mL/min flow rate at 10 °C/min
heating rate.
Scanning electron microscopy (SEM) of the composite
hydrogels was performed to visualize the hydrogel pores.
The microstructure of the hydrogel was imaged using an
SEM (JOEL JSM 5600, Japan) operated at 20 kV.
Swelling ratio measurements (S) for composite hydrogels were performed out in triplicate at room temperature
(%) calculated as


ðMt  M0 Þ
S% ¼
 100;
ð1Þ
M0
where M0 and Mt are the initial mass and the mass at time t,
respectively. All the experiments were carried out in triplicate and the average values are reported with their standard deviations (Barakat and Sahiner 2008).
Utilization of the Synthesized Composite Hydrogels
for Absorption of Some Textile Dyes
The dye absorption experiments were carried out at 25 °C
using different dye solutions of TB, AR, and G. The effects
of the selected dye concentrations on the absorption performance of the prepared composite hydrogels were
investigated by preparing 1 g/L of composite hydrogel
solution, while dye concentrations were varied from 10 to
100 mg/L for 24 h. A set of experiment was conducted to
determine the contact time on the dye absorption. Additional experiments for the time-dependent absorption were
conducted with a constant dye concentration of 10 mg/L at
constant composite hydrogels amount of 0.25 g/L and
mixing speed of 150 rpm. The samples were withdrawn
from the medium at certain time intervals for the measurements. Finally, the dye absorption capacity in pH
buffer solutions under experimental conditions as dye
concentration 50 mg/L, absorbent dosage 1 g/L, and time
24 h was investigated. In all absorption studies, a UV–Vis
spectroscopy was used to quantify absorbed dye amount
and analyses for TB, AR, G and dyes were a measurement
in the 640, 249, and 610 nm wavenumber, respectively.

The amount of absorbed dye per unit mass of the composite
hydrogel, qe (mg/g) was calculated using the following
equation:
qe ¼

ðCo  Ce Þ  V
;
W

ð2Þ

where Co and Ce are the initial and equilibrium dye concentrations (mg/L), respectively, V is the volume of dye
solution (L), and W is the weight (g) of the composite
hydrogels used.
The removal percentage of dye was calculated as follows (Caria et al. 2009):
Removal % ¼

ðCo  Ce Þ
 100:
Co

ð3Þ

The processed through Langmuir and Freundlich isotherms (Langmuir 1918; Freundlich 1906) by applying
below equations:

 

Ce
Ce
1
¼
þ
;
ð4Þ
qmax  KL
qe
qmax
where qe is the amount of absorbed dye at equilibrium (mg/
g), qmax is the maximum absorption capacity of dyes (mg/
g), and KL is the Langmuir absorption equilibrium constant
(L/mg). The Langmuir constants, qmax and KL , were
determined from the slope and intercept of the linear plot
of specific absorptions (Ce /qe ) against the equilibrium
concentrations ðCe Þ for TB, AR, and G dyes:
 
1
log qe ¼ log Kf þ
ð5Þ
log Ce
n
where Kf and n are the physical Freundlich constants.
The kinetic studies were carried out in accordance with
the literature (Lagergren 1898; Blanchard et al. 1984;
Namasivayam and Sureshkumar 2008; Ersen Dudu et al.
2015; Gueu et al. 2007). Equations 6 and 7 represent the
change of absorption capacity with time for first and second pseudokinetics:
dqt
¼ kp1 ðqe  qt Þ
dt

ð6Þ

where qt (mg/g) is the absorption capacities at time t (min),
and kp1 (L/min) is the pseudo-first-order rate constant for
the kinetic model.
Pseudo-second-order rate kinetic is expressed as
dqt
¼ kp2 ðqe  qt Þ2
dt

ð7Þ

where kp2 (L/min) is the pseudo-second-order rate constant
for the kinetic model.
The intra-particle diffusion model can be presented as
(Kim et al. 2012; Tian et al. 2011)
pﬃ
qt ¼ Rid t þ C
ð8Þ
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where C is the intercept and Rid is the rate constant of intraparticle diffusion [mg/(g h1/2)].

Results and Discussion
Synthesis and Characterization of the Composite
Hydrogels

Thermal Gravimetry (%)

There are a lot of studies focused on the synthesis of a new
class of polymeric materials and their composites which
being used for the adsorption of heavy metals, dyes, and
several contaminants from aqueous media (Tasdelen et al.
2016; Yu et al. 2016). In the present study, hydrogel–
fungus composites were synthesized for the first time and
utilized for some dye absorption. AMPS and APTMACl
monomers were used as polymeric parts, while P.
squamosus (Huds.) Fr. was used as the bio-part of composite hydrogels. Synthesis and preparation of the composite hydrogels were carried out by modification of
related polymerization techniques (Sahiner and Alpaslan
2014; Ersen Dudu et al. 2015).
As the first time, composite hydrogels were synthesized,
and the conformation of the functional groups in the
composites materials required to be analyzed. Figure 1
represents the FT-IR spectra of the composites materials.
The peaks belonging to the AMPS, APTMACl monomers,
and crosslinker were at 3432, 3326, 3419, 3305, 3362, and
3246 1/cm, while N–H-stretching vibrations of the secondary amine and a broadening were observed after the
addition of P. squamosus (Huds.) Fr. fungus. Furthermore,
the peaks observed at 2934, 2936, and 2946 1/cm in all

spectra of the hydrogels belong to –CH-stretching vibrations, while the peaks at 1651, 1644, and 1641 1/cm in the
spectra belong to the C=O-stretching vibrations, and peaks
at 1455, 1481, and 1479 1/cm in the spectra belong to the
C–N stretching vibrations for p(AMPS)-P. squamosus
(Huds.) Fr., p(AMPS-co-APTMACl)-P. squamosus
(Huds.) Fr., and p(APTMACl)-P. squamosus (Huds.) Fr.,
respectively. The peak observed at 1179 1/cm of the
AMPS monomer belongs to S=O-stretching vibrations of
the sulfonic acid. The broad and sharp peaks observed at
1032 and 1081 1/cm can be thought to belong to P.
squamosus (Huds.) Fr. fungus.
The thermal stabilities of the composite hydrogels were
investigated by TGA/DSC analyzer and are represented in
Fig. 2. As clearly appeared in the figure, the thermal
degradation of p(AMPS)-P. squamosus (Huds.) Fr. composite hydrogel occurred in five steps. At the initial stage,
the first mass loss was around 21.9% (265–350 °C) due to
evaporation of the water content and some low-weight
molecular structures. The second step began when the
temperature was in the range of 350–423 °C, while the
mass loss in that step was 8.6% approximately. The third
step began when the temperature was in the range of
423–686 °C, while the mass loss in that step was about
5.9%. The fourth step began when the temperature was in
the range of 686–769 °C, while the mass loss in that step
was about 7.9%. The last step began when the temperature
was in the range of 769–864 °C and the mass loss was
about 4.8%. During all five steps, the thermal decomposition was about 49.1%. As shown in the figure, the thermal
degradation of p(AMPS-co-APTMACl)-P. squamosus
(Huds.) Fr. composite hydrogel existed in three steps. At
the initial stage, the first mass loss was around 22.7%
(274 °C). The second step began when the temperature was
in the range of 274–370 °C, while the mass loss in that step
was 73.8% approximately. The third step began when the
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Fig. 1 FT-IR Spectra of a p(AMPS)-P. squamosus (Huds.) Fr.,
b
p(AMPS-co-APTMACl)-P.
squamosus
(Huds.)
Fr.,
c p(APTMACl)-P. squamosus (Huds.) Fr. composite hydrogels, and
d P. squamosus (Huds.) Fr. fungus
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Fig. 2 Thermogarviemtric Analysis of a p(AMPS)-P. squamosus
(Huds.) Fr., b p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.,
c p(APTMACl)-P. squamosus (Huds.) Fr. composite hydrogels, and
d P. squamosus (Huds.) Fr. fungus
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Fig. 3 Scanning Electron
Micrographs of a p(AMPS)-P.
squamosus (Huds.) Fr.,
b p(AMPS-co-APTMACl)-P.
squamosus (Huds.) Fr.,
c p(APTMACl)-P. squamosus
(Huds.) Fr. composite
hydrogels, and d P. squamosus
(Huds.) Fr. fungus
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Fig. 4 Percent swelling degree of the p(AMPS-co-APTMACl)-P.
squamosus (Huds.) Fr., p(APTMACl)-P. squamosus (Huds.) Fr., and
p(AMPS)-P. squamosus (Huds.) Fr. composite hydrogels with time in
DI water

temperature was in the range of 370–483 °C, while the
mass loss in that step inclined to be constant. The total
mass loss of p(AMPS-co-APTMACl)-P. squamosus
(Huds.) Fr. composite hydrogel was achieved almost 100%
when the temperature rose up to 483 °C. In the second and
third steps, the main chains and crosslinked networks of
hydrogel were destroyed and weight loss increased. The
thermal degradation of p(APTMACl)-P. squamosus
(Huds.) Fr. composite hydrogel was observed in three steps
as other composites. As shown in the figure, the first mass

loss of composite hydrogel was appeared at 248 °C due to
separable water content at the surface and it was approximately 8.4%. The second step began when the temperature
was in the range of 248–361 °C, while the mass loss in that
step was 71.8% approximately. The mass loss in the last
decomposition step was about 19.8% from 361 to 497 °C.
The total mass loss of p(APTMACl)-P. squamosus (Huds.)
Fr. composite hydrogel was achieved almost 100% when
the temperature rose up to 497 °C. The thermal degradation of P. squamosus (Huds.) Fr. fungus was in three steps.
At the initial stage, the first mass loss began when the
temperature was in the range of 176–345 °C, while the
mass loss in that step was 29.8% approximately. The second step began when the temperature was in the range of
345–596 °C, while the mass loss in that step was 18.4%
approximately. The third step began when the temperature
was in the range of 596–951 °C, while the mass loss in that
step was about 11.6%. The total mass loss of P. squamosus
(Huds.) Fr. fungus was achieved almost by 59.8% when
the temperature rose up to 951 °C.
It was clearly observed from the thermal behavior of
that the addition of the fungus to the hydrogel was gained
thermal resistance to the composites materials. As the
temperature of the p(AMPS-co-APTMACl)-P. squamosus
(Huds.) Fr. and p(APTMACl)-P. squamosus (Huds.) Fr.
composite hydrogels increased, the mass loss also
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Fig. 5 qe vs Ce graphs at different Toluidine Blue (TB) concentrations (a) of the p(APTMACl-co-AMPS)-P. squamosus (Huds.) Fr.,
and p(APTMACl)-P. squamosus (Huds.) Fr. composite hydrogels,
and b of the p(AMPS)-P. squamosus (Huds.) Fr. composite hydrogels, respectively. [Dye concentration: 10–100 mg/L (50 mL),
absorbent dosage: 1 g/L, and time: 24 h]

increased and reached 100%. It was observed that the
thermal degradation behavior of the hydrogels changed
after the addition of fungus to the structure of the composite hydrogel. The number of degradation step of
p(APTMACl)-P. squamosus (Huds.) Fr. composite
hydrogels decreased with increasing in temperature. It was
concluded that the there was interaction such as molecular
and hydrogen bonds established between fungus and
hydrogel (Sahiner et al. 2010, 2015).
SEM images of composite hydrogels were observed and
is shown in Fig. 3. As clearly seen in Fig. 3, the surface
morphologies of composite hydrogels have undulant and
coarse surfaces. Those kinds of surfaces enable relatively
long contact and retention time to the aqueous media and
sometimes make a local mixing effect to the solution on the
composite surface resulted in higher absorption or
adsorption of targeted components.
Swelling ratio measurement (S) is important one
parameter to explain hydrogel properties such as the types
of hydrophilic monomers, composition of the hydrogel,
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Fig. 6 qe vs Ce graphs at different Alizarin Red S (AR) concentrations (a) of the p(APTMACl-co-AMPS)-P. squamosus (Huds.) Fr.,
and p(APTMACl)-P. squamosus (Huds.) Fr. composite hydrogels,
and b of the p(AMPS)-P. squamosus (Huds.) Fr. composite hydrogels, respectively. [Dye concentration: 10–100 mg/L (50 mL),
absorbent dosage: 1 g/L, and time: 24 h]

the particle size, and the surface area (Wang and Wang
2009). Figure 4 shows the swelling rate curves of all
composite hydrogels in distilled water. All composite
hydrogels shown similar swelling behavior and started to
reach equilibrium after 360 min. Experiment data
demonstrate that the maximum S% degree values were
7120, 17,287, and 3108% for p(AMPS-co-APTMACl)-P.
squamosus (Huds.) Fr., p(APTMACl)-P. squamosus
(Huds.) Fr., and p(AMPS)-P. squamosus (Huds.) Fr.
composite hydrogels, respectively. In addition, the swelling degrees of synthesized composite hydrogels were
compared with the literature. According to the literature,
the swelling values of were reported as about 9048%
(Ersen Dudu et al. 2015) for pure p(APTMACl) hydrogel
and as about 9000% (Ozay et al. 2009) for pure p(AMPS)
hydrogel. The swelling degree of p(AMPS)-P. squamosus
(Huds.) Fr. was relatively low. A decrease in swelling
degrees was expected when fungus added to the polymer
solution because of the low water absorption of fungus
and interplay or bonding and crosslinking density between
AMPS and fungus.
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Fig. 7 qe vs Ce graphs at different Gallocyanine (G) concentrations
(a) of the p(APTMACl- co-AMPS)-P. squamosus (Huds.) Fr., and
p(APTMACl)-P. squamosus (Huds.) Fr. composite hydrogels, and
b of the p(AMPS)-P. squamosus (Huds.) Fr. composite hydrogels,
respectively. [Dye concentration: 10–100 mg/L (50 mL), absorbent
dosage: 1 g/L, and time: 24 h]

Utilization of the Synthesized Composite Hydrogels
for Absorption of Some Textile Dyes
Both synthesized anionic and cationic composite hydrogels
were utilized as absorbents for removal of some dyes such as
TB, AR, and G in batch-type absorption studies. The dye
concentrations varied from 10 to 100 mg/L, while the composite hydrogel dosage was kept constant at 1 g/L in all
experiments. The contact time was extended to 24 h. As
shown in Figs. 5, 6, and 7, at low dye/adsorbent ratios, all
three dyes were absorbed by the composites. As the dye/adsorbent ratio increased, the higher energy sites are saturated
and absorption begins in lower energy sites, resulting in
decreases in the absorption efficiency (Bhattacharya et al.
2008). As shown in Fig. 5a, p(APTMACl)-P. squamosus
(Huds.) Fr. and p(AMPS-co-APTMACl)-P. squamosus
(Huds.) Fr. composite hydrogels were non-selective for TB
dye due to the ionic character of both composite hydrogels and
TB dye. As shown in Fig. 5b, p(AMPS)-P. squamosus (Huds.)
Fr. composite hydrogel, which has an anionic character,
showed high selectivity for TB dye, which is cationic. As
shown in Figs. 6a and 7a, p(APTMACl)-P. squamosus

350

700
Time (min)

1050

1400

Fig. 8 Effect of contact time on Toluidine Blue (TB) absorption,
a by the p(APTMACl-co-AMPS)-P. squamosus (Huds.) Fr., and
p(APTMACl)-P. squamosus (Huds.) Fr., and b by the p(AMPS)-P.
squamosus (Huds.) Fr. composite hydrogels [Dye concentration:
10 mg/L (50 mL), absorbent dosage: 0.25 g/L]

(Huds.) Fr.based composites were absorbed AR and G dyes,
respectively. The opposite charges of cationic composite
hydrogels and anionic dyes forces to absorption positively
(Saraydın et al. 2001). In Figs. 6b and 7b observed that of the
p(AMPS)-P. squamosus (Huds.) Fr. composite, hydrogel was
non-absorbing of the AR and G dyes. This situation can be
defined by the fact that composite hydrogel, AR and G dyes
have anionic character. Moreover, in Fig. 7a, the p(AMPS-coAPTMACl)-P. squamosus (Huds.) Fr. composite hydrogel
was shown to have selective behavior towards G dye.
The absorption kinetics of the dyes by composite
hydrogels was investigated, and the results are given in
Figs. 8, 9, and 10. It is obvious that there is a fast increase
in the dye removal, and then, there is a slow-down
approaching equilibrium for the studied dyes. In Fig. 8b,
maximum dye absorption capacities with time (depending
on removal percentage) of p(AMPS)-P. squamosus (Huds.)
Fr. were found as 44% in 1444 min for TB. As shown in
Fig. 9a, the highest dye absorption capacities of p(APTMACl)-P. squamosus (Huds.) Fr. were established as
65.2% in 420 min for AR. According to Fig. 10a, maximum dye absorption of p(APTMACl)-P. squamosus
(Huds.) Fr. was established as 77.3% in 480 min for G.
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Fig. 9 Effect of contact time on Alizarin Red S (AR) absorption,
a by the p(APTMACl-co-AMPS)-P. squamosus (Huds.) Fr., and
p(APTMACl)-P. squamosus (Huds.) Fr., and b by the p(AMPS)-P.
squamosus (Huds.) Fr. composite hydrogels [Dye concentration:
10 mg/L (50 mL), absorbent dosage: 0.25 g/L]

It is well known that the pH significantly affects
adsorption capacity of any kind of adsorbents, since the
surface charge of an absorbent, and the ionization behavior
of absorbents and dyes varies in the medium pH (Li et al.
2013). Table 1 indicates the removal percentage of dyes by
composite hydrogels over a pH range of 2–10. In those
experiments, 50 mg/L of the prepared dyes solutions were
used. As shown in Table 1, the removal of the dyes was
significantly affected by medium pH. The highest absorption capability of the TB dye was reached at a maximum
level as 73.2% at pH 8 for the p(AMPS)-P. squamosus
(Huds.) Fr. The increase of TB absorption onto p(AMPS)P. squamosus (Huds.) Fr. with increasing pH values can be
explained by the electrostatic interaction between cationic
dye and negatively charged AMPS surface (Alpat et al.
2008). In addition, the highest absorption capability of the
G dye was observed to be 69.4% at pH 6 for the p(APTMACl)-P. squamosus (Huds.) Fr.-based composites
hydrogels. As shown, the highest absorption capability of
AR dye reached 43.6% at pH 6 for the p(APTMACl)-P.
squamosus (Huds.) Fr. Since AR is an anionic dye, it is
conceivable that at low pH, its absorption is favored on a
positively charged surface. In principle, when the zero
point charge (pHzpc) of APTMACl was low from solution
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Fig. 10 Effect of contact time on Gallocyanine (G) absorption, a by
the p(APTMACl-co-AMPS)-P. squamosus (Huds.) Fr., and p(APTMACl)-P. squamosus (Huds.) Fr., and b by the p(AMPS)-P.
squamosus (Huds.) Fr. composite hydrogels [Dye concentration:
10 mg/L (50 mL), absorbent dosage: 0.25 g/L]

pH, at pH \ pHzpc, the surface becomes positively charged
and favors the uptake of anionic dye to increased electrostatic force of attraction (Gautam et al. 2013).
Absorption Isotherm Studies
Both Langmuir and Freundlich absorption isotherms were
considered to be the most utilized ones for ea physicochemical approach using for modeling of the equilibrium
data (Langmuir 1918; Freundlich 1906). The corresponding isotherms were formed for TB, AR, and G dye
absorptions by composite hydrogels by applying Langmuir
and Freundlich equations. The data are given in Table 2.
Freundlich isotherm equation, which is an empirical
equation, was applied the selected ions absorption by
composite hydrogels and the values of Kf and n are calculated from the intercept and slope of the plot of log Ce
against logqe (Langmuir 1918; Freundlich 1906; Namasivayam and Sureshkumar 2008; Alpaslan et al. 2014; Ersen
Dudu et al. 2015). If a value for n is equal to unity, the
absorption is linear. If a value for n is below to unity, the
absorption is unfavorable, but the magnitude value of
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Table 1 Absorption of TB, AR, and G dyes into composite hydrogels as a function of solution pH
Composite hydrogels

Dyes

p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

TB

pH

Minimum removal (%)

pH

Maximum removal (%)

2

0.2

6

0.8

p(APTMACl)-P. squamosus (Huds.) Fr.

8

0.2

4

6.4

p(AMPS)-P. squamosus (Huds.) Fr.

2

20.2

8

73.2

p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

AR

p(APTMACl)-P. squamosus (Huds.) Fr.
p(AMPS)-P. squamosus (Huds.) Fr.

2

0.2

10

0.2

2

0.2

6

43.6

2

0.2

10

10

0.2

6

28

p(APTMACl)-P. squamosus (Huds.) Fr.

2

13.8

6

69.4

p(AMPS)-P. squamosus (Huds.) Fr.

2

0.2

8

0.6

p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

G

0.2

[Dye concentration: 50 mg/L (50 mL), absorbent dosage: 1 g/L, time: 24 h]

Table 2 Langmuir and Freundlich isotherm data for absorption of TB, AR, and G dyes by composite hydrogels
Composite Hydrogels

Dyes

Langmuir isotherm constants

Freundlich isotherm constants

KL (L/mg)

qm (mg/g)

R2

Kf

n

R2

1.1 9 10-2

0.9

0.6241

8.9 9 10-3

0.9

0.9365

-2

0.5

0.7225

9.8 9 10-2

3.9

0.9886

-1

0.5 9 10

188.7

0.9478

26.8

2.6

0.9415

1.32 9 10-2

1.8

0.6916

7.2 9 10-1

1.3

0.9823

p(APTMACl)-P. squamosus (Huds.) Fr.

8.75 9 10-2

140.9

0.8997

60.9

6.1

0.8316

p(AMPS)-P. squamosus (Huds.) Fr.

5.55 9 10-3

3.1

0.2667

2.2 9 10-2

1.2

0.8467

3.95 9 10
- 1.23 9 10-2

3333.3
- 277.8

0.0016
0.6299

2.0
9.3

1.1
1.1

0.9078
0.9040

- 4.04 9 10-3

- 2.5

0.7869

6.3 9 10-3

0.8

0.9345

p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

TB

p(APTMACl)-P. squamosus (Huds.) Fr.

1.3 9 10

p(AMPS)-P. squamosus (Huds.) Fr.
p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.
p(APTMACl)-P. squamosus (Huds.) Fr.
p(AMPS)-P. squamosus (Huds.) Fr.

AR

G

-4

n [ 1 indicates that the absorption was favorable (Hameed
et al. 2008; Selvam et al. 2008).
Table 2 shows the data of Langmuir and Freundlich
isotherms’ constants for composite hydrogels. Comparison
of both theoretical isotherms used in this study shows that
the Freundlich equation generally fits the experimental data
in a better. The values of the correlation coefficients indicate the favorable nature of absorption of the dyes on
composite hydrogels. The absorption intensity given by the
Freundlich coefficient, n [ 1, is relatively favorable for all
dye forms absorption. In addition, if a value for Langmuir
constant is below zero, this isotherm is known to be
unfavorable for the absorption process (Akgöl et al. 2006;
Selvam et al. 2008).
A well comparison of the data obtained during this
study and those of the literature are given in Table 3. It is
indicated that absorption capacities of composite hydrogels are very well when compared to those of the literature (Aksu and Karabayır 2008; Alpat et al. 2008; Fan
et al. 2012; Gautam et al. 2013; Karadağ et al. 2002;
Maurya and Mittal 2008; Tunc et al. 2009; Zolgharnein
et al. 2014a, b).

Absorption Reaction Models
The absorption kinetics of different dyes by composite
hydrogels was studied. The rate of the absorption of the
selected dye on composite hydrogels was analyzed with
three kinetic models which are pseudofirst order, pseudosecond order, and intra-particle diffusion. The similarity between experimental data and the model-predicted
values was denoted by the correlation coefficients (R2), as
shown in Table 4. A relatively high R2 value proves that
the model successfully defines the kinetics of dye
absorption (Yagub et al. 2014; Kumar et al. 2010; Lakshmi et al. 2009). The pseudofirst- and second-order plots
of logðqe  qt Þ vs t (min) and t/qt against t for the selected
dyes absorption by cationic or anionic hydrogels were
plotted, and Kp1 ; Kp2 and qe were determined from the
slope and intercept of plot, as given in Tables 4 and 5. As
comparing R2; R2 for the pseudofirst-order kinetics indicated better suitability fitted all dye forms absorption for
the all composite hydrogels excepted TB dye absorption
for the p(AMPS)-P. squamosus (Huds.) Fr. hydrogels.
Furthermore, R2 values led to the conclusion that the
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Table 3 Comparison of absorption or adsorption capacity of some similar absorbents appeared in the literature
Absorbents

Dyes

Absorption or adsorption (mg/g)

Magnetic chitosan

AR

40.1

Mustard husk

AR

6.1

Nano c-alumina

AR

51.4

References
Fan et al. (2012)
Gautam et al. (2013)
Zolgharnein et al. (2014a)

CTAB-modified TiO2 nanoparticles (single)

AR

30.9

Zolgharnein et al. (2014b)

CTAB-modified TiO2 nanoparticles (binary)

AR

20.7

Zolgharnein et al. (2014b)

Turkish zeolite

TB (or TBO)

27.5

Alpat et al. (2008)

Acrylamide (Aam)/maleic Acid (MA) hydrogels

TB

Rhizopus arrhizus

Gryfalan black RL

590.8

Aksu and Karabayır (2008)

Trametes versicolor

Gryfalan black RL

370.3

Aksu and Karabayır (2008)

Aspergillus niger

Gryfalan black RL

282.7

Aksu and Karabayır (2008)

Cotton stalk
Fomitopsis carnea (KL)

Remazol black B
G

34.1
115

Tunc et al. (2009)
Maurya and Mittal (2008)

3.4

Karadağ et al. (2002)

Fomentarius (BM)

G

98.8

p(AMPS)-P. squamosus (Huds.) Fr.

TB

156.6

Maurya and Mittal (2008)

p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

TB

0.86

This work

p(APTMACl)-P. squamosus (Huds.) Fr.

TB

0.32

This work

p(APTMACl)-P. squamosus (Huds.) Fr.

AR

p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

AR

24.3

This work

p(AMPS)-P. squamosus (Huds.) Fr.

AR

1.1

This work

p(APTMACl)-P. squamosus (Huds.) Fr.

G

335.6

This work

p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

G

95.4

This work

p(AMPS)-P. squamosus (Huds.) Fr.

G

1.7

This work

This work

147

This work

Table 4 Kinetic constants for absorption of TB, AR, and G dyes by composite hydrogels
Composite hydrogels

p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

Dyes

TB

AR

p(AMPS)-P. squamosus (Huds.) Fr.
p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

Kp1 (L/min)

R

- 1.6 9 10-1

0.6000 –

G

Kp2 [g/(mg min)]

R

Intra-particle diffusion
2

Rid [mg/(g min1/2)]

R2
0.6540

1.000

1.7 9 10-2

-1

0.9801

1.1 9 10-2

0.6969

2.9 9 10-3

0.9712 1.7 9 10-4

0.9581

1.4

0.9834

3.5 9 10-3
1.3 9 10-2

0.9655 5.5 9 10-3
0.7810 5.4 9 10-4

0.9963
0.9501

8.3 9 10-2
3.4

0.9128
0.8714

1.8 9 10-3

0.8272 6.8 9 10-2

0.8834

2.4 9 10-3

0.8368

-3

-4

- 4.2 9 10

p(AMPS)-P. squamosus (Huds.) Fr.

Pseudosecond order
2

-2

p(APTMACl)-P. squamosus (Huds.) Fr.
p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.
p(APTMACl)-P. squamosus (Huds.) Fr.

Pseudofirst order

0.5422 5.2 9 10

3.9 9 10

0.9843 8.8 9 10

0.9760

0.4

0.9785

p(APTMACl)-P. squamosus (Huds.) Fr.

1.2 9 10-2

0.9460 1.6 9 10-3

0.9985

1.4

0.8671

p(AMPS)-P. squamosus (Huds.) Fr.

7.8 9 10-2

0.3810 7.2 9 10-1

0.9973

1.2 9 10-2

0.7271

intra-particle diffusion model was effective on the dye
absorption by all the composite hydrogels, as given in
Table 4. Table 4 shows that the intra-particle diffusion
model plots did not cross the origin demonstrating that
both boundary layer diffusion steps and intra-particle
diffusion steps are effective in the absorption mechanism
(figure not shown). Higher values of Rid , which were
calculated from Eq. 8, illustrate an enhancement in the
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rate of absorption, whereas larger Rid values illustrate a
better absorption mechanism (Sharma and Goyal 2009;
Mane et al. 2007; Alpat et al. 2008). In addition, data
given in Table 5 indicate that there were no large differences between the experimental qe,exp and the calculated
qe,cal. In addition, the qe,cal values calculated from
pseudofirst-order model were generally more consistent
with the experimental qe,exp.
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Table 5 Absorption capacity of absorption of TB, AR, and G dyes by composite hydrogels
Composite hydrogels

Dyes

Pseudofirst order
qe,

p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

TB

p(APTMACl)-P. squamosus (Huds.) Fr.
p(AMPS)-P. squamosus (Huds.) Fr.
p(AMPS-co-APTMACl)-P. squamosus (Huds.) Fr.

AR

p(AMPS)-P. squamosus (Huds.) Fr.
G

p(AMPS)-P. squamosus (Huds.) Fr.

Conclusions
Natural, cheap, environmentally friendly, and selective
composite-based hydrogels and fungus were fabricated,
characterized, and utilized for removal of some textile dyes
such as TB, AR, and G. The anionic and cationic hydrogels
were synthesized from AMPS, APTMACl via redox
polymerization technique, and P. squamosus (Huds.) Fr.
fungus utilized as bio-part. It was observed that the thermal
degradation steps of the composite hydrogels changed after
the addition fungus to the hydrogels. SEM images reviled
that the surface of the fungus–hydrogel composites is rough
which enable better absorption for dyes. Freundlich isotherm equation showed the best fit for TB, AR, and G dyes.
The absorption behaviors of all dye forms were generally
fitted well into a pseudosecond-order kinetic model except
the TB dye absorption for the p(AMPS)-P. squamosus
(Huds.) Fr. composite. The maximum absorption capacities of p(AMPS)-P. squamosus (Huds.) Fr., p(APTMACl)P. squamosus (Huds.) Fr., and p(APTMACl)-P. squamosus
(Huds.) Fr. composite hydrogels were 40.9 mg/g for TB
dye, 31.3 mg/g for AR dye, and 36.7 mg/g for G dye,
respectively. It was concluded that prepared hydrogel
fungus composites can be considered as absorbents for
removal of textile dyes from aqueous media due to its cost,
easy preparations, and non-toxic properties.
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