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ABSTRACT

Hematite/graphene oxide (FGO) nanocomposites were used as a supporting surface for the
fungus Aspergillus terreus AUMC-050 to form AFGO biofilm. Different techniques were used
for characterization of nanocomposites and biofilm such as IR, Fourier transform infrared,
Scanning electron microscopy, Transmittance Electron Microscopic, Brunauer–Emmett–
Teller surface area, and Raman Spectroscopy. The effect of initial dye concentration
(0–300 mg/L), contact time (0–80 min), pH values (2.0–8.0), and temperature (10–50˚C) was
studied. The maximum adsorption capacity of dye using AFGO biofilm was 160 mg dye/g
at pH 2.0, and the contact time was 50 min. The best fitted equilibrium and kinetic model
were found to be Langmuir and pseudo-first order, respectively. Various thermodynamic
parameters were evaluated to determine the nature of biosorption process. The negative
value of ΔG and ΔH˚ indicated spontaneity and exothermic behavior of the adsorption pro-
cess. Using of microbial biofilm supported on nanocomposite material is a new approach
for adsorption of dyes from water body.
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1. Introduction

Synthetic dyestuff is a group of organic pollutants
that are applied mainly in textile, printing, paper
industries, and dye houses. Acid Blue 25 is an anthra-
quinone anionic azo dye that is characterized by a
high mutagenicity, carcinogenicity due to complex
aromatic structures, resistance to light, and high stabil-
ity in the environment [1,2]. Adsorption has been
proved to be one of the most effective technologies
used for wastewater treatments and synthetic dye

removal. It is also considered a simple and economical
method compared to other traditional methods [3,4].

In the field of adsorption methods, carbon-based
materials rank as the most effective material due to
their regenerability and stability. Graphene, a thin
layer of a pure carbon, has a worldwide attention
since it was discovered in the twenty-first century due
to its unique properties. Graphene oxide (GO)
nanosheets were prepared from graphite powder after
oxidation and sonication [5]. As a carbon-based mate-
rial, GO characterized by a thin planner and two-di-
mensional sheets with a high aspect ratio, large
number of reactive oxygen species on its surface (such
as epoxy, carboxyl, and hydroxyl groups), and strong
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π–π interaction [4]. These distinguished features make
it comparatively stable, hydrophilic, and helps it to
react easily in aqueous solution. Thus, it is the most
widely used material in the field of wastewater treat-
ment [6]. The major advantages of GO nanosheet are
low cost and more effective adsorbent instead of many
organic materials such as active carbon. Currently, GO
and its derivatives are used in many applications such
as adsorption of H2 storage, sensors for detecting indi-
vidual gas molecule [7], and removal of reactive dyes
and heavy metals [8,9]. However, the main disadvan-
tage of GO is that it is difficult to separate from
aqueous solution using filtration or centrifugation after
adsorption due to its small particle size and high
dispersibility [10].

Magnetic iron oxide nanoparticles attract attention
of researchers due to its wide range of potential appli-
cations including magnetic fluids, gas sensors, cataly-
sis, biomedicine/biotechnology, magnetic resonance
imaging (MRI), and data storage. Thermodynamically,
hematite (α-Fe2O3) is the most stable member in the
family of iron(III) oxides. Many literature discussed
the usage of Fe3O4-GO for adsorption of different
types of dyes [10]. The magnetic (Fe3O4) baker’s yeast
biomass was used for biosorption of methyl violet
[11]. However, so far no literature have mentioned the
use of microbe supported onto GO or its derivatives
for biosorption studies.

Microorganisms, including bacteria, yeast, fungi,
and algae, were used as biosorbents to diminish the tox-
icity and remove the dyes from industrial effluents due
to their safe performance and low cost [12,13]. Unfortu-
nately, the usage of microbial biomass as a biosorbent
of different pollutants is quietly limited due to its small
particle size and low mechanical strength.

In order to overcome these problems, the microbial
biofilm supported on chemical materials was used to
increase adsorption efficiency. The benefits of biofilm
technology are controlling particle size, capability of
regeneration, high biomass loadings, high mechanical
strength, and easy to remove from aqueous solution
[14]. For this reason, the combination between the
microorganism and hematite/GO nanocomposite may
enhance the adsorption capability of microorganism and
GO along with the merit of easy separation due to the
presence of hematite (α-Fe2O3), could lead to a high effi-
cient dye adsorption capacity from aqueous solutions.

So, this study was aimed to: (i) isolation and
identification fungal strain with high adsorption
capability, (ii) synthesis and characterization GO
nanosheet, α-Fe2O3 (hematite) nanoparticles, and FGO
nanocomposite, and (iii) prepare the biofilm of
Aspergillus terreus (AUMC-050) supported on hematite/
GO nanocomposites and determine the anionic dye

adsorption performance of this biofilm with special ref-
erences to adsorption kinetics, isotherms, and thermo-
dynamics.

2. Materials and methods

2.1. Sample collection

One sample was collected from Industrial dye
effluent located in Spinning and Textile Factory in
10th of Ramadan city, Industrial zone no. 1, Cairo,
Egypt.

2.2. Enrichment, isolation, and identification of dye
decolorizing fungi

Enrichment technique was used for the enumera-
tion and isolation of dye decolorizing fungi. About
10 mL of sample was suspended in 90 ml mineral basal
salt medium (MBS) [15] supplemented with 1 g/L of
glucose, 50 mg/L AB 25, and pH was adjusted to 5.0
± 0.2 with KOH. Flasks were incubated on an orbital
shaker at 150 rpm at 28˚C. After 7 d of incubation, an
aliquot of 10% enriched cultures was transferred into
another 250-ml conical flasks containing 90 ml fresh
autoclaved MBS medium supplemented with previ-
ously mentioned dye. This step was repeated three
times to attain well-adapted dye decolorizing fungal
species. Fungal strains were isolated on MBS agar
plates. Colonies with different morphologies were indi-
vidually selected and evaluated for their dye decoloriz-
ing abilities. Pure strain was designated as AUMC-050,
identified according to [16] and selected for further
studies based on high removal ability of the dye.

2.3. Adsorbate preparation

AB 25 dye was purchased from a Local Company.
Its chemical formula and molecular weight are
C20H13N2NaO5S and 416.38 g/mol, respectively. The
C.I number is 62055, and the percentage of dye purity
is 93%. The AB 25 was scanned by UV-spectropho-
tometer to determine the maximum absorbance. The
standard calibration curve was performed and mea-
sured at λmax 600 nm using different concentrations of
AB 25 (5–300 mg/L).

2.4. Adsorbents preparation

2.4.1. Fungal biomass

The growing fungal biomass of A. terreus AUMC-
10516 was collected after 7 d at 28˚C under static con-
dition. It was washed and oven-dried at 80˚C for 24 h.
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2.4.2. GO nanosheets

GO was prepared from graphite powder as the
method described by [10]. One gram of graphite
powder was added to 23 mL of concentrated H2SO4

in an ice bath. To the last mixture, 3 g of KMnO4

was added slowly with stirring and cooling to main-
tain the temperature below 20˚C. The temperature of
the mixture was raised to 35˚C for 30 min followed
by slow adding of 46 mL of deionized water and
then the temperature was increased to 98˚C. After
15 min, 140 mL of deionized water was added
followed by 10 mL of 30% H2O2 solution. The solid
product was separated by centrifugation at
4,000 rpm and washed three times repeatedly with
5% HCl solution and distilled water. The product
was then filtered and washed with acetone to make
it moisture free. The solid precipitates of GO were
filtered through a 0.45-μm nylon membrane filter
and then dried under vacuum at 60˚C. To obtain
GO nanosheets, the graphite oxide was suspended
in deionized water and exfoliated through ultrasoni-
cation for 30 min.

2.4.3. α-Fe2O3 (hematite)

α-Fe2O3 (hematite) nanoparticles were prepared
from ferric nitrate, Fe(NO3)2·9H2O, and glycine. In a
typical procedure, the required amounts of ferric
nitrate and glycine for glycine/ferric nitrate molar
ratio of 1 were weighed to the nearest milligram. Fer-
ric nitrate and glycine were dissolved in 100 mL of
distilled water to form a pink homogeneous solution;
the solution was then transferred to a flask fitted with
a water condenser, after that it was heated to 100˚C
with stirring. The product obtained was evaporated
by heating over a hotplate at 100˚C. Lastly, the dried
precursor was calcined in a muffle furnace at 400˚C
for 3 h in a static air atmosphere.

2.4.4. α-Fe2O3/GO nanocomposites (FGO)

Synthesis of α-Fe2O3/GO nanocomposites (FGO)
was performed by the impregnation method as
described by Kyzas et al. [10]. About 0.3 g GO was
dispersed in 300 mL distilled water and then sonicated
for 30 min in order GO nanosheet to be formed. An
amount of 0.3 g of Fe2O3 nanoparticles was added to
GO nanosheets and sonicated for 30 min to obtain
FGO nanocomposites which were collected by
centrifuging and freeze-dried.

2.4.5. Biofilm of A. terreus supported on FGO
nanocomposite

The biofilm was prepared by shaking method.
About 0.3 g of FGO was suspended in 50 mL deion-
ized water followed by ultrasonication for 30 min.
About 0.3 g of dry biomass of AUMC-050 added to it.
The mixture was shaking at 150 rpm for 48 h at 30˚C.
Then, the latter was centrifuged and freeze-dried to
obtain constant weight [17].

2.5. Characterization of the individual adsorbent

X-ray diffraction (XRD) analysis was carried out
using a Model PW 1710 control unit (Philips,
New York, NY, USA) with a Cu Kα, anode material
Cu (λ = 0.1548 nm), 40 K.V, 30 M.A, Optics: automatic
divergence slit and Beta filtering using a graphite
monochromator. The samples were scanned from 4˚
to 90˚. The average crystalline size of the nanoparti-
cles (D) was calculated using Debye–Scherrer
equation:

D ¼ Ks � k=BCos h (1)

where Ks is a constant (K = 0.9 for Cu Kα), λ (nm) is
the wavelength (0.1548 nm for CuKa), B is the peak
width at half maximum (rad), and θ is the diffraction
angle. Fourier transform infrared (FTIR) analysis for
samples under investigation was performed to give a
qualitative and preliminary characterization of the
main chemical groups present on AUMC-050, GO and
AFGO are responsible for biosorption of AB 25. A
0.01 g of each dried (overnight at 60˚C) sample was
mixed with 0.1 g KBr and pressed by bench press to
get a transparent pellet. This pellet is ready for analyz-
ing by FT-IR Model 470 Shimadzu Corporation adopt-
ing KBr disk technique. Scanning electron microscopy
(SEM) images were performed at Zeiss Supra 55 VP.
The accelerating voltage was 15.00 kV, and the scan-
ning was performed in situ on a sample powder.
Transmittance electron microscopic (TEM) images
were also performed.

Brunauer–Emmett–Teller (BET) surface areas were
measured on a Micromeritics ASAP 2020 sorptome-
ter using nitrogen adsorption at 77.4 K. UV–vis
absorption spectroscopy was performed on Hitachi
U-4100.

Raman spectra were recorded with surface
enhanced Raman spectrophotometer (JYHR800)
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2.6. Adsorption studies

2.6.1. Effect of pH

The optimum pH value was performed by analyz-
ing the amount adsorbed (mg/g) of 50 mg/L of dye
for each adsorbent over the pH range from 2.0 to 8.0.

2.6.2. Effect of contact time and adsorption kinetics

A 20 mg of adsorbent was suspended in 20 ml
deionized water consists of AB 25 (50 mg/L). Adsorp-
tion was carried out under constant environmental
conditions (T = 30˚C; pH 2.0 ± 0.2 and 150 rpm shak-
ing). Deionized water containing (50 mg/L) dye
served as a negative control. Aliquots were withdrawn
for each ten-minute intervals during the batch adsorp-
tion process to determine the remaining dye concen-
tration. The samples were centrifuged at 10,000 rpm
for 15 min, and dye concentration of the supernatant
was determined at λmax 600 nm by UV–vis spectropho-
tometer. The absorbance was converted to concentra-
tion using the calibration curve.

The amount of AB 25 adsorbed at equilibrium qe
(mg/g) was analyzed by the following equation:

qe ¼ Co � Ctð ÞV=m (2)

where Co is the initial concentration of AB 25 (mg/L),
Ct is the concentration of AB 25 at time t (mg/L), V is
the total volume of the suspension (L), and m is the
mass of adsorbent (g). Pseudo-first-order and
pseudo-second-order models were used to calculate qe
(mg/g).

2.6.3. Adsorption isotherm and thermodynamics

Adsorption isotherm was performed at different
initial concentration of AB 25 (25, 50, 100,150, 200, and
300 mg/L) under the fixed environmental conditions
that were mentioned before. The Langmuir and
Freundlich models were applied to determine the
most suitable one for AB 25 biosorption. The change
in free energy and thermodynamics of adsorption was
determined at different experimental temperatures
(5, 10, 20, 30, 40, and 50˚C).

2.7. Repetition of batch adsorption experiments

Each experiment was carried out in triplicate to
confirm the adsorption rate. For gross error measure-
ments, more repeats of experiments were performed
according to the rejection of outliers from statistic
treatment of data using SigmaPlot program. The

results presented with error bars were from the
average of three repeated measurements from each
adsorption experiment.

3. Results and discussion

3.1. Isolation and identification of dye decolorizing fungi

Among 15 dye decolorizing fungal species,
AUMC-050 was selected due to its great capability to
decolorize AB 25. The isolate was identified in Assiut
University Mycological Center (AUMC) as A. terreus
based on its color, morphology on solid medium, and
certain biochemical activities according to previously
described method [16,18].

3.2. Characterization of the synthesized adsorbents

The XRD patterns of the GO nanosheet and FGO
nanocomposites were demonstrated in (Fig. 1). The
diffraction peaks of GO appeared at 2θ and the parti-
cle sizes (nm) were 10.4˚ (3.39) and 25.2˚ (4.94); more-
over, the diffraction peaks of FGO were at 33.3˚
(17.29), 35.56˚ (17.86), 40.8˚ (11.18), 49.5˚ (16.96), 55.3˚
(20.14), and 57.4˚ (12.88). The diffraction peak of the
crystalline α-Fe2O3 (hematite) nanoparticle was at
33.3˚, with an average size approximately 18 nm. The
diffraction peaks of GO disappeared, explaining the
exfoliation of GO during the preparation of FGO. The
appearance of a broad peak at 24.08˚ indicated that α-
Fe2O3/GO was formed. So, these results highly agreed
with previous results described by Kyzas et al.; [10]
however, they prepared Fe3O4/GO nanocomposite
(mGOi) as a dye adsorbent. It could be found that the
peak of Fe3O4 was at 35.56˚ with the average size of
18.4 nm, and the GO peak at 10.3˚ was completely dis-
appeared after preparation of mGOi [10].

Fig. 1. XRD patterns of FGO (black) and GO (blue).
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FTIR spectra of the prepared adsorbent are sum-
marized in Fig. 2. The FTIR spectra of GO showed the
presence of a C–O stretch and C–OH (carboxyl) at
1,162 and 2,925 cm−1, an epoxy or alkoxy group at
1,169 cm−1, a broad peak due to OH groups at
3,427 cm−1, and C=C at 1,629.7 cm−1 [19]. The charac-
teristic spectra for α-Fe2O3 nanoparticles were
observed at 529 and 448 cm−1 for α-Fe. The presence
of glycine has characteristic peaks of C=N stretch
(2,360 cm−1). The FTIR spectra of FGO, characterized
by the same functional groups, were observed with
GO except for the characteristic peak of α-Fe at 530
and 450 cm−1. The spectra of AFGO were character-
ized by increasing the number of functional groups at
2,395 and 2,919 cm−1 that consequently helped to
increase the affinity of biosorbent to adsorb large
amount of dye particles.

TEM image was used to get the information about
the morphology and microstructure of the GO and
FGO nanocomposites. As shown in Fig. 3, the GO dis-
plays a typical flake-like and crumpled shape. The
corrugation and scrolling are the intrinsic nature of
GO because its ultrathin and large two-dimensional
structure would become transparent and thermody-
namically stable via binding Fig. 3(a). The TEM image
of α-Fe2O3 nanoparticles exhibited a slender acicular
shape with the major axis 39 nm (Fig. 3(b)). TEM and
SEM images (Fig. 3(c)) showed the growing of α-Fe2O3

nanoparticles over the surface of GO nanosheet to
form FGO nanocomposite. The SEM image of AFGO
showed the presence of A. terreus biomass on the sur-
face of FGO (Fig. 3(d)).

The results of BET surface area revealed that the
surface area of GO nanosheet, FGO nanocomposite,
and AFGO biofilm were 26.3, 148.4, and 514.3 m2/g,
respectively. So, AFGO has the largest surface area
due to the presence of fungus. The common analysis
that is usually used for characterization of carbona-
ceous material is Raman spectroscopy. In the Raman
spectrum of GO, the D band at 1,326 cm–1 and the
broadened G band at 1,585 cm–1 were clearly present.
On the other hand, the D band of FGO became more
intense and shifted to 1,331 cm–1 while the intensity of
G band was obviously decreased and also shifted to
1,566 cm–1 (Fig. 4). In order to estimate the degree of
structural disorder, the ratio between the D and G
bands (ID/IG) can be calculated. The D/G ratio of GO
and FGO was 0.84 and 0.85, respectively. This mean-
ing that they have practically identical band ration
which indicate the nondestructive character during
preparation method. The increasing in FGO band
intensity may suggest a strong coating of hematite
nanoxide on the surface of GO nanosheet.

3.3. Effect of pH

The biosorption process is controlled by the inter-
action between pH of the solution, the surface proper-
ties of the biosorbent, and the adsorbate charge. It was
noted that at a low pH value (2.0), the maximum
adsorption capacity of AB 25 on AFGO biofilm was
48.5 ± 0.5 mg dye/g. This level dropped gradually by
increasing the pH value to achieve the minimum
adsorption capacity level at pH 8.
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Fig. 2. FTIR spectra of prepared adsorbent at room temperature.
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The cause of this observation was explained by
Deller et al. [20]. The zero point of charge of GO was
at pH 7.49. Below this level, it became positively
charged and at the value higher than pH 7.49, it
became negatively charged. The carboxylic acid and
hydroxyl group are sensitive to pH alteration. The
removal capability of nanocomposite slightly
decreases as a function of pH due to lower dispersion
of FGO nanocomposite in the aqueous solutions [21].

Moreover, at pH 2.0, the positive charges increased
in the medium due to the presence of the carbonyl,
carboxyl, and amine groups in the cell wall of A. ter-
reus. So, the attraction mechanism between anionic

dyes and cationic surface of the biomass in acidic
solutions may explain the high efficiency of dye
biosorption at pH 2.0. Hydrogen ion acts as a bridging
ligand between the biofilm and the dye molecule.
Therefore, the interaction between anionic dyes, posi-
tive charge FGO, π–π interaction, and functional group
found in the fungal cell wall lead to successful adsorp-
tion of AB 25 on the biofilm.

By increasing the pH value, this mechanism
became weak due to the deprotonation of the amine
group which reduce the affinity of biofilm to dyes.
After pH 7.0, the GO molecules and the carboxylic
group became negatively charged which consequently
increase the electrostatic repulsion between anionic
dye and the biofilm. This result agreed with the stud-
ies of biosorption behaviors of different anionic dyes
by Aspergillus fumigatus, Penicillium restrictum [22,23],
GO, and FGO [24].

3.4. Effect of temperature

The temperature has two main effects on the
adsorption processes. Increasing temperature may
increase the diffusion rate of the adsorbate molecules
within the pores as a result of decreasing solution vis-
cosity and will also modify the equilibrium capacity
of the adsorbent for a particular adsorbate [25]. The
equilibrium biosorption capacity of AB 25 was studied
at 5 constant temperatures of 5, 10, 20, 30, 40, and
50˚C. At high temperature, the maximum adsorption
capacity of dye was 49.1 ± 1.2 mg/g. The result
depicted that the adsorption capacity of AB 25

Fig. 3. SEM (interior) and TEM (exterior) images of GO (a), hematite (b), FGO (c), and AFGO (d).
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Fig. 4. Raman spectra of GO and FGO.
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increased by increasing the temperature. The high
temperature may increase the diffusion rate of the dye
through the adsorbent’s pore. In addition, the high
temperature caused an increase in the number of ener-
getic molecules to undergo a chemical reaction which
shows chemisorption [26].

3.5. Adsorption studies

3.5.1. Effect of contact time

The equilibrium time between the dye molecules
and the adsorbent has a significant importance. The
fast adsorbent is more favorable to the adsorption
treatment process. Fig. 5(a) describes the effect of con-
tact time on amount adsorption of AB 25 on AFGO.
The plot in this figure could be classified into two
main regions: (a) 0–50 min, which indicated the expo-
nential dye adsorption and (b) 50–80 min, which indi-
cate the stationary adsorption of AB 25 at equilibrium.
The results showed that the time required to reach to
the equilibrium was 50 min. At this time, the biofilm
achieves the maximum adsorption capacity of dye
(48.6 mg/g).

The dynamic changes in biosorption along the time
explained that there were difference between charge
density and topography and/or surface area of the
used biosorbent [27,28], or by the resistance to intra-
particle diffusion [29]. Increasing the adsorption
capacity at the initial stage occurred due to physical
adsorption, ion exchange at the cell surface or increas-
ing the active sites on the surface of adsorbents [10,27]
and the subsequent slower phase may involve other
mechanisms such as complexation, micro-precipita-
tion, or saturation of binding sites [28]. The same
behavior was observed in many literatures. Gupta and
Rastogi [28] reported that Stoechospermum marginatum
could biosorb acid blue 1 within 90 min. Kyzas et al.
[10] found that the GO and magnetic GO could adsorb
reactive black 5 within 2 h. On the other hand,
amount adsorbed of Rhodamine B on GO was
14.2 mg/g at contact time 45 min [9].

3.5.2. Adsorption kinetics

It is very important to investigate the biosorption
kinetics to determine which model is more suitable for

Fig. 5. Effect of contact time on adsorption of dye (a), linear form of pseudo-first-order kinetics model (b), and pseudo-
second-order kinetics model (c) by AFGO at 50 mg/L AB 25, pH 2, and T = 30˚C.
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description of the biosorption process. The kinetics
studies were performed at the optimum pH value
(2.0) and initial dye concentration 50 mg/L; the kinet-
ics parameter of adsorption was determined by
pseudo-first-order which expressed as [30]:

log qe � qtð Þ ¼ log qe � k1 t=2:303 (3)

where k1 is the pseudo-first-order rate constant and qe
and qt are the adsorption capacity of the dye mole-
cules on adsorbent at equilibrium and at time t,
respectively. The values of k1 and qe were evaluated
by plotting log(qe − qt) vs. the time and the calculated
qe are demonstrated in Fig. 5(b). The amount adsorbed
of AB 25 on the biofilm was 48.6 ± 1.8 (mg/g) when
the R2 value of the plot was 0.98 and k1 was 0.017
± 0.014. The calculated qe value seemed to be much
closed to the experimental one (46.62 ± 0.9) (Fig. 5(a)).

The linear form of pseudo-second-order kinetics
model was presented by the equation [31]:

t=q ¼ 1=k2 q
2
e þ t=qe (4)

where k2 was the pseudo-second-order adsorption rate
constant. The values of k2 and qe were estimated from
the slope and intercept of plots of t/qe vs. t (Fig. 5(c)).
It is observed that the range R2 value was 0.95 and the
calculated qe and k2 were 2.8 ± 0.2 mg/g and 0.002
± 0.001. The value of calculated qe was lower than the
experimental value.

So, the pseudo-first-order model was more fitted to
the adsorption of AB 25 on AFGO. Adsorption kinet-
ics explains how fast the sorption process occurs and
also the factors affecting the reaction rate. The nature
of sorption will depend on the physical or chemical
characteristics of the adsorbent system and also on the
system conditions [32]. So, the given data suggesting
the chemisorption behavior of AB 25 on the surface
AFGO because it followed pseudo-second-order
model. These results came in the context with many
literatures which discussed the absorption kinetics of
different textile dyes by GO and Fe3O4/GO [8,10].
Other literature discussed the kinetics models varied
according to the type of dye and the type of carbona-
ceous adsorbent such as removal of Novacron orange
P-2R by sugarcane bagasse [33].

3.5.3. Adsorption isotherm

The batch adsorption isotherm experiments were
carried out at the different AB 25 concentration range
from 20 to 300 mg/L to investigate the electrostatic
nature of the adsorbate–biosorbent interaction

Fig. 6(a). Langmuir model assumed that one adsorbate
molecule interacts with only one binding site of the
adsorbent to form monolayer adsorption. The data
were analyzed using the linear form of Langmuir
isotherm model (Fig. 6(b)) which is expressed as the
following equation [9]:

Ce=qe ¼ 1=qmax b þ Ceq=qmax Ce (6)

where b is the Langmuir constant related to the affin-
ity between an adsorbate and biosorbent and qmax is
the maximum monolayer adsorption capacity. These
values were calculated from the slope and intercept of
the linear plot of Ce/qe against Ce. The calculated qmax

and b values were 168.3 mg/g and 0.05, respectively.
Freundlich is more complicated adsorption model

which deals with adsorption of dye on the heteroge-
neous surface. The linear form of this model is
expressed by the following equation [34]:

ln qe ¼ ð1=nÞ ln Ce þ ln Kf (7)

where Kf and n are the adsorption capacity and the
intensity of adsorption, respectively. By plotting the
ln qe vs. ln Ce (Fig. 6(c)). The estimated value of n was
1.93 and Kf was 4,142.6. The previous results showed
that the Langmuir adsorption isotherm (R2 = 0.99) was
the most favorable model for biosorption of AB 25 on
the biofilm rather than Freundlich (R2 = 0.96). By
increasing the concentration of AB 25, the adsorption
capacity increased. This meaning that the biosorption
process takes place through formation of monolayer
on the surface of AFGO biofilm. Because at low con-
centration of dye, the fast saturation of the surface
due to fast uptake of dye while at high concentration
dyes, molecules need to diffuse on the surface of
biosorbent and highly hydrolyzed molecules will be
diffused with slow rate [35]. The value of maximum
adsorption capacity for adsorption of AB 25 on AFGO
was higher than the value for adsorption of direct vio-
let 51 (39.6 mg/g) on sugarcane bagasse treated with
HCl [36]. In addition, when comparing the qmax for
adsorption of AB 25 in this study by other studies
investigated by Zaheer et al. [37] for biosorption of
Foron Blue E-BL on the surface of native, immobilized,
and pretreated sugarcane bagasse, the adsorbent in
the present study is more favorable for adsorption.

3.6. Thermodynamics

The adsorption thermodynamics were analyzed
based on the adsorption isotherm of AB 25, thermody-
namic parameters give the detailed information about
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the change of energy during the adsorption process.
The Gibbs free energy change, ΔG˚ (kJ/mol), of the
adsorption process is related to the distribution coeffi-
cient (K) by the Van’t Hoff equation (where R is the
universal gas constant and is equal to 8.314 J/mol K)
[38], enthalpy change (ΔH˚), and entropy change (ΔS˚)
of biosorption of AB 25 on AFGO. These parameters
were calculated according the following equation:

DG� ¼ �RT ln kcð Þ (8)

kc ¼ qe=Ce (9)

DG� ¼ DH� � TDS� (10)

ln kc ¼ DS�=R� DH�=RT (11)

The thermodynamics parameters were performed at
50 mg/L of AB 25 and pH 2.0. Van’t Hoff plot was
performed by plotting ln kc vs. 1/T. ΔH˚ and ΔS˚ were
estimated from the slope and intercept of this plot.
ΔH, ΔS˚, and R2 values were 9.37, –226.6, and 0.97 as
listed in Table 1. It was observed that the positive val-
ues of ΔG˚ appeared at the temperature below 20˚C

indicated that at low temperature, the adsorption pro-
cess may be non-spontaneous. By increasing the tem-
perature from 5 to 20˚C, the ΔG˚ value decreased.

After 20˚C, ΔG˚ was negative, and values indicated
the adsorption process carried out spontaneously on
the surface of the biofilm. It was also observed that by
increasing the temperature, the negative value of ΔG˚
increased and implied that lower temperature may
ease the biosorption process. The negative value of
ΔH˚ indicated the process was exothermic, thereby
illustrating that the process was energetically stable.
The exothermic process implied that total energy

Fig. 6. Experimental data of adsorption isotherm (a), linear form of Langmuir (b), and Freundlich (c) adsorption isotherm
models at 50 mg/L AB 25, pH 2, and T = 30˚C.

Table 1
The thermodynamic parameters of AB 25 biosorption on
AFGO biofilm

T (˚C) ΔG (kJ/mol) ΔS˚ ΔH˚

5 180.5984 9.37 ± 0.85 −226.6
10 134.5446
20 42.43701
30 −49.6706
40 −141.778
50 −325.993
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released in bond making between AB 25 and AFGO is
more than the total energy absorbed in bond breaking.
This process has enabled releasing of extra energy in
the form of heat, and then ΔH˚ became negative.

Moreover, the positive value of ΔS˚ suggested the
biosorption process was entropy driven. Generally, the
positive value of ΔS˚ indicated the increase in the dis-
order at solid/liquid interface making the adsorbate
(AB 25) ions or molecules to move quickly from the
liquid phase to the solid one. Therefore, the amount
adsorbed enhanced and increased.

Many literature proved that the biosorption of dif-
ferent dyes on different biosorbents was exothermic
and spontaneous as adsorption of Drimarene Blue HF-
RL on the surface of immobilized peanut hulls [39]
and Foron Blue E-BL on sugarcane bagasse [37].

During the adsorption, the coordinated water
molecules (which are displaced by the dye molecules)
gain more translational entropy than is lost by the dye
molecules, resulting in increased randomness in the
dye–adsorbent interaction [40]. It is well known that
ionic dyes tend to aggregate in dilute solutions, lead-
ing to the dimmer formation [41]. It is supposed that
the dimmer formation in solution is mainly due to
hydrophobic interactions or permanent and transition
dipole moments [41]. Although dyes are very individ-
ualistic in structure, certain broad rules are well estab-
lished regarding their dimerization. The probability
increases with an increase in dye concentration or
ionic strength; it will decrease with the rise of temper-
ature or the addition of organic solvents [42].

4. Conclusion

A. terreus was isolated from the industrial effluent
sample. α-Fe2O3/GO nanocomposite (FGO) was syn-
thesized by the impregnation method. The usage of
FGO nanocomposite as a supporting material for A.
terreus AUMC-10516 (in a form of biofilm (AFGO) is a
new approach. This biofilm showed high performance
in the adsorption of anthraquinone dye (AB 25) from
aqueous solution. Because of increasing the active
functional groups on the surface of AFGO biofilm as
well as increasing its surface area which make it more
susceptible for adsorb a large amount of dye mole-
cules. The low pH value at 2.0 was the best medium
for adsorption of AB 25. The time required to achieve
the maximum adsorption capacity (48.6 mg/g) to
reach the equilibrium was at 50 min. The adsorption
kinetics analysis revealed that the adsorption of AB 25
was controlled by pseudo-second-order model. The
adsorption isotherm of AB 25 on AFGO was
monolayer and followed the Langmuir model which

indicates the reaction was fast biosorption rate. The
biosorption process carried out spontaneously with
exothermic attitude.
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