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Abstract Immobilized biomass of white rot fungus Trametes
pubescens was explored for adsorption of azo dye Congo Red.
The biomass immobilized by sodium alginate enhanced the
sorption capacity for Congo Red approximately 4-fold of the
free biomass, which competed well with other reported sor-
bents. Dye uptake was favored by acidic conditions at pH 2.0
with increasing initial dye concentration up to 100 mg/L using
less biomass at room temperature and agitation speed. Ad-
sorption of dyes onto the biomass was weakly dependent on
ionic strength. Additionally, the adsorption process followed
the pseudo-second-order kinetic and Freundlich isotherm
models. During this process, the morphological changes on
the biomass surface occurred; the amine functional groups
present on the cell surface were mainly responsible for this
process, and reduction in crystallinity of the biomass was
observed, as confirmed by SEM, FT-IR, and X-ray diffraction,
respectively. Desorption experiments were performed to re-
generate the sorbent, making the process more economic and
environmentally friendly. These demonstrated that the
immobilized 7. pubescens biomass is a promising sorbent for
Congo Red removal.
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Introduction

Since 1856, when the first synthetic dye was reported, the
commercial use of dyes has greatly increased as the number of
textile synthetic dyes used today exceeds 1x10° (Hosseini
Koupaie etal. 2012). Azo dyes are among the largest and most
versatile class with the greatest variety of colors, having wide
applications in textile, food, plastics, pharmaceuticals, cos-
metics, paper printing, leather, and other industries
(Anjaneya et al. 2011). Approximately half a million tons of
them are produced every year all over the world and account
for two-thirds of the total dyestuff market (Zhang et al. 2012).
Unfortunately, during textile procedures, inefficiencies in dye-
ing result in large amounts of dyestuff being directly lost into
the wastewater, which ultimately finds its way into the envi-
ronment (Zeng et al. 2011). Effluents from the textile indus-
tries containing dyes are highly colored, which reduces the
amount of sunlight to photosynthetic organisms, resulting in
decreased oxygen levels and deteriorative water qualities in
aquatic ecosystems (Champagne and Ramsay 2010). More-
over, many of the azo dyes and/or their breakdown products
from effluents have been shown to be toxic, potentially carci-
nogenic, and can lead to the formation of bladder cancer in
humans, tumors, allergies, nuclear anomalies in experimental
animals, and chromosomal aberrations in mammalian cells
(Mendes et al. 2011). Unless the wastewater is properly treat-
ed, these dyes may significantly lead to severe contamination
of both surface and ground water.

Recently, studies on treatment of textile effluents have
mainly been centered on the development of an efficient and
cost-effective removal process (Shah et al. 2012). As dyes are
designed to be resist fading upon exposure to sweat, light,
water, many chemicals including agents, and microbial attack,
dye-containing effluents are little decolorized by conventional
physical, chemical, and biological wastewater treatments, in-
cluding adsorption, chemical coagulation, precipitation,
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filtration, electro dialysis, membrane separation, oxidation,
and so on (Pathak et al. 2011). Furthermore, some of these
technologies are limited because of the excessive usage of
chemicals, accumulation of concentrated sludge, expensive
materials requirements, and high operational costs (Xiong
et al. 2010).

Biosorption is an attractive technology in terms of flexibil-
ity, water reuse, waste recovery, simplicity of design, ease of
operation, and insensitivity to toxic pollutants (Yang and Feng
2010). It can be defined as a number of metabolism-
independent processes (physical and chemical adsorption,
ion exchange, complexation, chelation, and micro-
precipitation) taking place essentially in the cell wall of the
live or dead biomass or their derivatives (Aksu 2005). This
biomass may be bacteria, fungi, algae from biological waste-
water treatment plants, and by-products from fermentation
industries or seaweeds. Textile dyes vary greatly in their
chemistries, and their interactions with microorganisms de-
pend on the chemistry of a particular dye, type of biomass, its
preparation, and its specific surface properties and environ-
mental conditions (pH, temperature, ionic strength, existence
of competing organic or inorganic ligands in solution)
(Vijayaraghavan and Yun 2008). Recently, numerous ap-
proaches have been studied for the development of cheap
and effective adsorbents. The performance of adsorbent is
usually the key influence on adsorption. Moreover, the ad-
sorption capacities of adsorbents mainly depend on various
characteristics such as surface area, pore structure, and loaded
functional groups (Wang et al. 2010). Unlike conventional
sorbents, fungal biomass used as sorbent does not generate
huge quantities of sludge and, due to its genetic diversity,
metabolic versatility, and widespread occurrence, it is emerg-
ing as a viable alternative to remediate pollution problems
caused by dyes (Xin et al. 2012).

Aspergillus niger, Funalia trogii, Ganoderma applanatum,
Neurospora crassa, Phanerochaete chrysosporium, Rhizopus
stolonifer, Trametes pubescens, Trametes versicolor, and so on
are the some low-cost fungal biomasses which have been used
as sorbents for dye removal (Fu and Viraraghavan 2001; Aksu
2005; Bayramoglu et al. 2006; Xiong et al. 2010). Among
these fungi, 7" pubescens is one of the most widespread fungi
in China (Dai 2012), and recent studies showed that active
T. pubescens exhibits excellent decolorization capability in
removing various synthetic dyes (Si and Cui 2013; Si et al.
2013a, b). Moreover, the presence of potentially toxic com-
pounds in the culture of T pubescens did not inhibit fungal
growth and decolorization capacity, and could also be useful
as the energy source. However, there are few reports on the
adsorption of textile dyes by 7. pubescens, which is inexpen-
sive, easily growth, readily available, and produces high
yields of biomass.

In the present study, the biomass from 7. pubescens after its
immobilization was utilized as a sorbent for removal of azo
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dye Congo Red. The major objective was to achieve the
maximum adsorption efficiency of the dye by optimizing the
interacting process factors, i.e. initial solution pH, initial dye
concentration, and ionic strength. Additionally, adsorption
kinetic data of the biomass were tested by the Lagergren
first-order, pseudo-second-order, and intraparticle diffusion
models. Equilibrium behavior was analyzed based on the
Langmuir, Freundlich, and Temkin adsorption isotherms.
Scanning electron microscope (SEM), fourier transform-
infrared spectroscopy (FT-IR), and X-ray diffraction (XRD)
studies were carried out to understand the surface properties of
the biomass involved in the adsorption process.

Materials and methods
Adsorbate and chemicals

In this study, azo dye Congo Red (chemical formula:
C3,H55NgNa,OgS,, color index number: 22120, color index
name: Direct Red 28, chromophore: disazo, molecular weight:
696.68 g/mol, \,,.x=488 nm) was prepared by being filtered
through a 0.22-um membrane to remove bacteria before use.
Agar powder, 2,2'-azino-bis(3-ethylbenzthiazoline-6-
sulphonic acid) (ABTS), sodium alginate, and D201 were all
Sigma-Aldrich products (St. Louis, MO, USA). All the re-
agents used were of analytical grade.

Biomass preparation

The fungal strain 7. pubescens BJFC 006059 was isolated
from Chebaling Nature Reserve of Guangdong Province in
China. It was maintained through periodic (monthly) transfer
on yeast extract glucose agar (YGA) at 4 °C. The YGA
medium contained (g/L of distilled water): yeast extract 5,
glucose 20, agar 20, KH,PO,4 1, MgS0O,4-7H,0 0.5, ZnSOy-
7H,0 0.05, and vitamin B1 0.01, and the pH of the medium
was adjusted to 5.0 before sterilization. Prior to use, the stored
fungal strain was activated in 100 mL of yeast extract glucose
medium (YG; identical to YGA without agar) and cultured on
arotary shaker at 28 °C with a speed of 150 rpm. After 6 days,
mycelium was homogenized using an Ace Homogenizer
(Hengao, Tianjin, China) at 5,000 rpm for 30 s, and the pellet
suspension was later prepared as inoculum for the next
experiment.

An aliquot of 10 mL of inoculum (0.087 g, dry weight) was
inoculated into a 250-mL Erlenmeyer flask containing
100 mL of YG medium, and incubated at 28 °C and
150 rpm. After 5 days, the biomass was then harvested by
filtration, washed, oven-dried at 75 °C for 24 h, powdered
(<75 pm), and immobilized by suspending 0.1 g dry weight
of the biomass in 5 mL of double-distilled water, mixed with
4 % (w/v) sodium alginate solution or 4 % (v/v) D201, and
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dropped into 0.5 M calcium chloride (CaCl,) solution using a
syringe when the biomass beads (3.0+0.1 mm diameter) were
formed. The beads entrapping the fungal biomass were kept
overnight at 4 °C in CaCl, solution (0.5 M) followed by
repeated washing with double-distilled water and stored at
4 °C in distilled water prior to their use as the sorbents.

Batch adsorption studies

Batch adsorption studies were conducted by adding 50 mg of
free or immobilized biomass to 250-mL Erlenmeyer flasks
containing 100 mL of dye solution (100 mg/L) and shaken on
a rotary shaker for 60 min with agitation speed of 150 rpm at
28 °C. The influences of different factors such as initial
solution pH (1.0-10.0), initial dye concentration (25—
200 mg/L), and ionic strength (NaCl, 0.5 %—5.0 %, w/v) were
evaluated to achieve the maximum adsorption efficiency by
varying the factor under study and keeping other factors
constant. Control experiments were also performed without

addition of biomass to confirm that the adsorption of the dye
onto conical flasks was negligible. All adsorption experiments
were performed in triplicate. A two-way analysis of variance
(ANOVA) was performed on the adsorption capacity data to
distinguish statistical differences (P<0.01) among the
interacting process factors with free and immobilized
T. pubescens biomasses. All statistical analyses were per-
formed by using SPSS 20.0 software. The superscript letters
in Table 1 represent the ANOVA results.

The cultures harvested at different time intervals were
centrifuged at 12,000 rpm for 20 min, and the cell-free super-
natant was used for enzyme assay. All the enzyme activities
were monitored spectrophotometrically at room temperature
where reference blanks contained all components except the
enzyme solution. Laccase activity was determined by measur-
ing the oxidation of | mM ABTS at 420 nm (Daneshvar et al.
2007). Lignin peroxidase activity was determined by moni-
toring the formation of propanaldehyde at 300 nm (Parshetti
et al. 2000).

Table 1 Influences of interacting
process factors on the adsorption
capacities of free and

immobilized Trametes pubescens
biomasses for azo dye Congo Red

Factor

Level

Adsorption capacity (mg/g)

Free biomass Alginate-immobilized ~ D201-immobilized

biomass biomass
Initial solution pH 1.0 68.25+2.57%  355.48+5.04% 154.21+0.93°
2.0 77.18£0.95%  380.56+0.63" 176.54+0.77%
3.0 70.05+1.19%  371.26+1.07% 171.41+1.138
4.0 57.15+1.30°  343.15+2.03° 160.24+2.33¢
5.0 51.64+1.24°  281.43+301F 117.42+2.34F
6.0 33.39+0.40°%  233.34+1.46" 87.25+0.90"
7.0 30.33+0.18"  121.45+1.12¢ 65.13+1.72°
8.0 28.48+2.36" 87.12+1.55" 4521+1.01"
9.0 21.44£1.14° 66.23+:0.99" 51.10+2.83"
10.0 19.23+0.92¢ 30.20+2.86 44.15+£1.28"
Initial dye concentration (mg/L) 25 34.17+0.83"  156.51+4.66" 42.10+2.02"
50 77.18£1.09F  377.56+6.97" 176.54+2.64%
60 91.32+1.32°  411.15+1.52P 212.26+1.23°
80 118.50£2.35°  465.32+0.99¢ 238.81+1.208
100 125.05+0.75%  495.24+1.76" 248.81+3.22%
120 122.32+£1.40%  483.36+1.66° 235.51+2.148
150 87.71+£1.39%  402.37+2.22F 206.40+2.85°
180 62.05+1.125  282.21+2.859 144.49+2 507
200 28.19+1.01" 135.38+0.88" 97.08+1.59¢
Tonic strength (NaCl, %, w/v) 0 125.05+1.26%  49524+127° 248.81+3.24°
0.5  129.12+2.49°  507.74+0.41° 251.12+1.27¢

The superscript letters indicate
ANOVA results. The same letter
denotes that the difference be-
tween two treatments is not sta-
tistically significant. Otherwise,
the difference is statistically sig-
nificant (P<0.01)

258.32+2.338
265.12+£0.994

531.52+0.69¢
548.19+2.434

1.0 13535+1.382
1.5 138.56+1.114

20  13221+1.09°  534.51+1.62° 256.67+0.57°
3.0 115.54+0.68"  507.84+2.52° 241.2842.11°
40 104471245  456.65+0.66" 212.2441.68"
5.0 87.74+0.43"  348.82+1.21¢ 181.20+1.80"
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After equilibrium, the solution was filtered and the filtrates
were subsequently analyzed for residual dye concentration
with a UV-visible spectrophotometer (UNICO 4802; Younike,
Shanghai, China). The dye removal efficiency (%) and the
amount of dye adsorbed on the biomass (g,.) were calculated
by Egs. 1 and 2 as follows:

Ci—C
Dye removal efficiency(%) = IC' G (1)
V(Ci—C.)
qe = # ...... (2)

where C; and C, are the initial and equilibrium concentrations
(mg/L) of azo dye Congo Red, ¢. is the dye uptake (mg/g), V'
is the solution volume (L), and m is the mass of biomass (g).

Kinetic rate constants were determined using Lagergren
first-order, pseudo-second-order and intraparticle diffusion
models. Adsorption data were subject to equilibrium model-
ing to have a better understanding of adsorption of Congo Red
dye using isotherms such as Langmuir, Freundlich, and
Temkin.

The dye loaded biomass (50 mg) was desorbed with
100 mL of 0.1 M sodium hydroxide (NaOH) for 60 min.
Subsequently, the dye desorbed biomass was washed and
the same biomass was used in three sorption—desorption cy-
cles to regenerate the spent biomass beads.

Adsorption characterization

The surface morphological changes of the free and
immobilized biomasses before and after adsorption of Congo
Red dye was explored by SEM. FT-IR technique was used to
examine the surface functional groups responsible for dyes
adsorption. XRD was carried out to verify the crystalline or
amorphous structures of the free and immobilized biomasses
before and after dye loading. These tests were conducted
following the procedures obtained by Dotto et al. (2012).

Results and discussion
Influence of initial solution pH

Initial solution pH significantly influences the overall adsorp-
tion process. It affects not only surface charge, degree of
ionization, and dissociation of functional groups on the active
sites of sorbent but also structure of dye molecule (Crini et al.
2007). The data of dye uptake versus pH are shown in Fig. la
and Table 1. Little adsorption took place at the initial pH range
0f'5.0-10.0. The decrease in dye uptake with increasing initial
solution pH may be attributed to the successive deprotonation
of positively charged groups on sorbents and electrostatic
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repulsion between negatively charged sites on sorbents and
Congo Red dye. At high pH, a high concentration of OH "
could neutralize the positively charged surface of biomass and
compete with the anionic dye molecule for the adsorption sites
(Colak et al. 2009). Moreover, adsorption capacity of Congo
Red dye increased with decreasing the initial solution pH from
5.0 to 2.0, and maximum adsorption was obtained at pH 2.0
for immobilized and free biomasses. The better adsorption
yield observed at lower solution pH conditions for all bio-
masses can be explained by the attractive forces between the
anionic dyes and positively charged surface of sorbents. This
may be an indicator of the strong interaction between dye and
adsorbent as well as the electrostatic interaction. As the pH
increases, repulsive forces between anionic dye molecules and
dye binding sites of sorbent increased due to the enhancing of
the negative charge density on the biomass surface. The
immobilized biomass exhibited higher adsorption capacity
than free biomass at all the studied pH values, which can be
attributed to the modification of the biomass surface by im-
mobilization. As maximum adsorption efficiencies of Congo
Red dye for all the biomasses were observed at pH 2.0,
therefore further adsorption studies were carried out at solu-
tion pH 2.0. Similar results have also been reported in the
literature where the low pH was found to be favorable for
anionic dyes sorption (Kousha et al. 2012). Additionally, no
variations of laccase and lignin peroxidase activities were
observed during the decolorization process.

Influence of initial dye concentration

Figure 1b and Table 1 depict the influence of different initial
dye concentrations of Congo Red (25-200 mg/L) on the
adsorption capabilities of the free and immobilized
T. pubescens biomasses. It can be seen that adsorption of the
dye at different concentrations is rapid in the initial stages and
gradually decreases with the progress of adsorption until the
equilibrium is reached. The dye adsorption increased from
34.17 to 125.05 mg/g onto free biomass, 156.51 to
495.24 mg/g for alginate-immobilized biomass, and 42.10 to
248.81 mg/g for D201-treated biomass by increasing the
initial dye concentration from 25 to 100 mg/L. Initial concen-
tration provides an important driving force to overcome all
mass transfer resistances of the dye between the aqueous and
solid phases (Khataee et al. 2010). The results suggested that
treatment of biomass with immobilization increased density
on the biomass surface and this facilitates electrostatic inter-
action between sorbents and the negatively charged anionic
dyes, especially at relatively higher dye concentrations. How-
ever, all sorbents have a limited number of binding sites,
which become saturated at a certain concentration. Therefore,
more Congo Red dye molecules were unabsorbed in the
solution due to the saturation of binding sites, leading to the
decrease in the sorption capacity of biomass.

Influence of ionic strength

The wastewater containing dyes commonly has salts at a high
concentration and leads to high ionic strength, which may affect
the adsorption of dyes onto the adsorbent. In order to investi-
gate the influence of inorganic salt in dye adsorption process,
the experiments were carried out using 100 mg/L of initial dye
solution containing various NaCl concentrations ranging from
0.5 to 5.0 % (w/v). Results in Fig. 1c and Table 1 showed that
the adsorption capacity increased from 125.05 to 138.56,
495.24 to 548.19, and 248.81 to 265.12 mg/g for free,
alginate-immobilized, and D201-treated biomasses, respective-
ly, as the NaCl concentration increasing from 0 to 1.5 % (W/v).
This could be explained by the influence of low-strength ionic
on the activity coefficient of dye ions, which stimulates their
transfer to the solid phase (Aksu and Balibek 2010). Thereafter,
an increase in ionic strength exhibited a slight adverse effect on
dye adsorption, which may be due to the competition between
chloride anions (CI ) and negatively charged Congo Red dye
for the same binding sites on the biomass surface. Chloride
anions existing in the solution may also form complexes with
the dye and therefore affect the adsorption process adversely
(Sun et al. 2008). Aksu and Balibek (2010) also observed that
uptake of a metal-complex anionic dye Yellow RL by dried
filamentous fungus Rhizopus arrhizus decreased with increas-
ing the salinity of the system. However, in the present study,
adsorption of azo dye Congo Red onto the biomass was weakly
dependent on ionic strength.

Kinetic modeling

Since the determination of adsorption kinetics is of great impor-
tance for predicting the control mechanism of adsorption pro-
cess, a kinetic investigation was conducted. In Table 2, it was
found that there was a clear difference of adsorption capacity
between the experimental and calculated data, which indicated
that the adsorption system did not follow the Lagergren first-
order and intraparticle diffusion models. The high values of R*
(>0.99) showed that the pseudo-second-order model was the
best to represent the adsorption kinetic of Congo Red dye onto
free and immobilized 7. pubescens biomasses. This indicated
that adsorption of dye onto 7. pubescens biomass was controlled
by chemiosorption, and the fungal biomass was covered by the
superficial layer of dyes. Similar behavior was obtained by
Dotto et al. (2012) in adsorption of food dyes acid blue 9 and
food yellow 3 onto chitosan. In their work, pseudo-second-order
model was also the best to represent kinetic experimental data,
indicating a chemical interaction of dye-chitosan.

Adsorption isotherms

Adsorption isotherm studies give information about the distri-
bution of adsorbate between the liquid and solid phases when
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Table 2 Kinetic model constants

to the adsorption of azo dye Con- Kinetic model Kinetic coefficient Biomass
go Red onto free and immobilized
Trametes pubescens biomasses in Free Alginate-immobilized D201-immobilized
the optimal conditions
Lagergren first-order ky (1/min) 0.0367 0.0360 0.0363
q1 (mg/g) 152.41 602.63 294.30
R 0.987 0.988 0.986
Pseudo-second-order ky (g/mg min) 0.0590 0.0628 0.0613
q» (mg/g) 172.41 666.67 322.58
R 0.993 0.993 0.994
Intraparticle diffusion k, (mg/g'min'’?) 13.39 53.42 25.966
C (mg/g) 27.78 103.43 48.733
R 0.948 0.955 0.954

adsorption process reaches equilibrium. In the present study, the
equilibrium characteristics of this adsorption were described
through the Langmuir, Freundlich, and Temkin equations.
Table 3 summarizes all of the isotherm model coefficients for
the adsorption of Congo Red dye. It was evident from the R
values that the Freundlich model was more suitable for describ-
ing the adsorption of azo dye Congo Red, demonstrating further
that the surfaces of 7. pubescens biomass are heteroge-
neous in nature and do not possess equal distribution of
binding energies on the available binding sites
(Freundlich 1906). Moreover, all the 1/n values obtain-
ed from the Freundlich model were less than unity for
free and immobilized biomasses, also indicating that
adsorption of Congo Red dye onto the biomass was
favorable. A comparison of maximum uptake capacities
of various sorbents for azo dye Congo Red as reported
in the literature is presented in Table 4. The high
adsorption capacity found in this study reveals that
immobilized 7. pubescens biomass is a promising ad-
sorbent for Congo Red removal. The differences in
maximum sorption efficiencies might be due to the
different structures and sorption mechanisms of various
sorbents and experimental conditions.

In the present study, although the mechanisms responsible
for differences of three forms of fungal biomasses were illus-
trated to some degree based on the analysis of adsorption/
absorption space and sites, the nature of adsorption/absorption
by different types of biomasses and the molecular mechanisms
involved were still unknown. The dye desorption behaviors of
different forms of biomasses also needed to be studied further
for reuse of the sorbents.

Desorption studies

To determine the reusability of sorbents, desorption
studies were repeated three times to make the treatment
process more economical. The results of sorption—de-
sorption experiments of Congo Red dye are depicted
in Table 5. In the first cycle, 97.969, 97.387, and
97.455 % of the adsorbed dyes onto free, alginate-
immobilized, and D201-treated biomasses, respectively,
were desorbed and then the desorbed dye amounts de-
creased to 92.671, 94.252, and 93.191 % at the third
cycle. This may be due to the small amount of biomass
lost during the repeated sorption—desorption operations
(Asgher and Bhatti 2010). The results showed that the

Table 3 Adsorption isotherms of

azo dye Congo Red onto free and Adsorption isotherm Isotherm coefficient Biomass
immobilized Trametes pubescens
biomasses in the optimal Free Alginate-immobilized D201-immobilized
conditions
Langmuir Gmax (ME/L) 149.25 588.24 357.14
K1 (L/mg) 0.0522 0.0511 0.0484
R 0.989 0.990 0.989
Freundlich Ky (mg/g) 22.12 82.43 48.16
n 2.546 2.446 2433
R 0.995 0.992 0.995
Temkin br (J/mol) 82.46 20.22 34.09
Kt (L/mg) 0.636 0.582 0.571
R 0.985 0.984 0.986
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Table 4 Comparison of adsorp-

tion capacities for removal of azo Sorbent pH ¢m (mg/g) Reference

dye Congo Red by various sor-

bents reported in the literature Azadirachta indica leaf powder 6.7 128.30 Bhattacharyya and Sharma 2004
Jute stick powder 7.0 35.70 Panda et al. 2009
Pine cone 3.55 40.19 Dawood and Sen 2012
Palm kernel seed coat 6.7 66.23 Oladoja and Akinlabi 2009
Rice husk 6.0 14.00 Han et al. 2008
Sugarcane bagasse 7.0 38.20 Zhang et al. 2011
Aspergillus niger 6.0 14.72 Fu and Viraraghavan 2002
Aspergillus niger biosorbent (ANB) 6.8 357.14 Xietal 2013
Penicillium YW01 3.0 411.53 Yang et al. 2011
Trametes versicolor 7.0 51.81 Binupriya et al. 2008
Free Trametes pubescens biomass 2.0 138.56 Present work
Alginate-immobilized 7. pubescens biomass 2.0 548.19 Present work
D201-immobilized 7. pubescens biomass 2.0 265.12 Present work

T. pubescens biomass could be repeatedly used in the
dye adsorption studies with only a slight loss in its
adsorption capacity.

Adsorption characterization

In order to compare adsorption behavior of azo dye
Congo Red, SEM, FT-IR, and XRD were carried out
for the free and immobilized 7. pubescens biomasses
before and after the dye adsorption process. SEM is a
technique to characterize the surface structure and mor-
phology of the sorbent material. It is used to determine
the particle shape and porous structure of biomass
(Dotto et al. 2012). In this study, SEM photomicro-
graphs of the free and immobilized biomasses showed
the morphological changes onto the sorbent surface
before and after dye loading (Fig. 2). It can be seen
that the surface of unadsorbed biomass was a typically
wrinkled polymeric network with considerable numbers
of irregular pores. In addition, a heterogeneous surface
area and porous internal structure were observed in the
samples. After adsorption of Congo Red dye, biomass
pores were not visible. It is suggested that a dye

superficial layer has covered the entire external biomass
surface.

The biomass before and after adsorption demon-
strates shifting and intensification of some peaks after
dye loading indicating their involvement in dye adsorp-
tion, which were interpreted based on the standard
wave number (Namasivayam and Kavitha 2006). To
explore the involvement of the functional groups on
the cell surface in adsorption of azo dye Congo Red,
free and immobilized of 7. pubescens biomasses before
and after dye loading was examined using FT-IR spec-
troscopy (Fig. 3). The significant band positions of the
complex nature of free 7. pubescens biomass are noted
as 3,280, 2,924, 2,360, 1,628, 1,540, 1,376, and
1,032 cm™'. After dye loading, the broad peak at
3280.48 cm ' shifted to 3257.66 cm ' suggesting over-
lap of —OH and —NH stretching vibrations, indicating
the presence of both surface free hydroxyl groups and
chemisorbed azo dye Congo Red on the biomass.
Shifting and intensification of a strong peak from
2,924.17 to 2,921.93 cem ! indicates —CH symmetric
stretch of the methylene groups (—CH,) and deforma-
tion vibration of methyl groups (—CHj). The peak at

Table 5 Desorption of azo dye

Congo Red onto free and Biomass Cycle  Adsorption capacity (mg/g)  Desorption capacity (mg/g)  Recovery (%)
immobilized Trametes pubescens
biomasses in the optimal Free 1 138.35 135.54 97.969
conditions 2 127.54 122.31 95. 899
3 114.21 105.84 92.671
Alginate-immobilized 1 548.47 534.14 97.387
2 541.83 531.21 98.040
3 536.41 505.58 94.252
D201-immobilized 1 265.58 258.82 97.455
2 256.51 244.53 95.330
3 245.84 229.10 93.191
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Fig. 2 SEM photomicrographs
of free (a), alginate-immobilized
(b), and D201-immobilized (c)
Trametes pubescens biomasses
before and after dye loading

5.00kV 4.5mm x10.0k SE

1,628.59 cm ' may be attributed to —-C = O stretching
vibration of carboxylate (—COQ) or —NH deformation
vibration of amide I groups. The spectrum of dye-
loaded free biomass also indicates the intensity increase
in the adsorption band near 1,380 cm ! (from 1,376.24
to 1,396.89 cmfl), corresponding to —CH bending,
—CHj; stretch, or —COO symmetric stretch. A peak at
1,020.74 ¢cm™' visible mainly on dye loaded biomass
are due to the —C — O stretching vibration of ketones,
aldehydes, and lactones or carboxyl groups. Thus, am-
ide, hydroxyl, carboxylate, -C —O, methyl, and methy-
lene groups seem to participate in adsorption of azo
dye Congo Red on the surface of T pubescens biomass,
causing shifts in wave numbers, due to change in
bonding energy in the corresponding functional groups
(Kousha et al. 2012). In the spectrum of the alginate-
immobilized 7. pubescens biomass, the intensity of the
peak at 2,923.52 cm™' ascribed to —CH, stretching
vibrations was weaker than that of the free biomass.
It is also noted that peaks at 2,360.80 and
1,376.24 cm ' for immobilized biomass disappeared.
Peaks at 1,204.67 and 1,151.39 cm ! may be attributed
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to a —C —N stretch of amide or amine of the biomass
surface following immobilization with alginate. The FT-
IR spectrum of the treated biomass exposed to Congo
Red dye displayed a new peak at 1,453.42 cm™ ', which
is due to the —CH deformations of —CH, or —CH;
groups in aliphatics. Additionally, a new sharp band
at 755.74 cm™ ! is indicative of the involvement of —
S = O group in dye adsorption. In the case of the
D201-immobilized 7. pubescens biomass after adsorp-
tion of Congo Red dye, the peak at 1,558.44 cm ' was
significantly shifted to 1,542.04 cm ™', indicating the strong
interaction of the dye with amide I and II functional groups.
The band observed at 1,007.87 cm™ ! shifting to 1,028.40 cm’!
is assigned to —C — O stretching vibration of alcohols and
carboxylic acids.

X-ray diffraction technique is a powerful tool to
analyze the crystalline nature of the materials. Adsorp-
tion reaction may lead to change in molecular and
crystalline structure of the adsorbent and hence an un-
derstanding of the molecular structure and crystalline
structure of the adsorbent, and the resulting changes
thereof would provide valuable information regarding
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Fig. 3 FT-IR spectra of free (a), alginate-immobilized (b), and D201-
immobilized (c¢) Trametes pubescens biomasses before and after dye
loading

adsorption reaction (Namasivayam and Kavitha 2006).
As depicted in Fig. 4, it appears that the free and
immobilized 7. pubescens biomasses are crystalline in
nature and show sharp peaks corresponding to 20=
19.44, 19.98, and 21.66, respectively. However, the XRD
patterns of the dye-laden free and immobilized biomasses
display typical amorphous characters, which suggest that the
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Fig. 4 X-ray diffractograms of free (a), alginate-immobilized (b), and
D201-immobilized (¢) Trametes pubescens biomasses before and after
dye loading

dye molecules diffuse into micropores and macropores and
adsorb mostly by chemisorption with altering the structure of
the biomass, as a result of the adsorption reaction.
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Conclusion

Immobilization-treated biomass from white rot fungus
T pubescens was observed to adsorb azo dye Congo Red
more efficiently than free biomass. Adsorption at lower pH
enhanced the efficiency of dye removal. The presence of salt
ions or increased ionic strength affected the dye sorption
weakly. Dye adsorption process followed the pseudo-
second-order kinetic and Freundlich isotherm models. The
quantitative recovery of the dye can be achieved by treating
dye-loaded biomass with 0.1 M NaOH. These findings sug-
gested that the biomass produced by 7. pubescens may be an
alternative for removal of azo dyes from aqueous media.
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