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ABSTRACT

In the present work, the reactive red 120 dye (red-120) biosorption onto fungal biomass (FB) of wild
Ganoderma stipitatum basidiocarps was studied. The chemical and morphological characterization of
FB was performed from Fourier transform infrared spectroscopy, scanning electron microscopy, pH at
point of zero charge (PH,,,.) and BET surface area. According to biosorption studies, the highest value
of biosorption capacity was found at pH 3.0. The kinetic experimental data were best described by
Elovich model suggesting the existence of a chemisorption process. The biosorption equilibrium data
were best fitted by Langmuir isotherm model presenting maximum monolayer biosorption capacity
of 44.44 mg g™'. Additionally, the thermodynamic studies indicated the biosorption of red-120 onto FB
is spontaneous and exothermic. Therefore, FB may be considered a promising biosorbent for red-120

dye removal from the wastewaters.
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1. Introduction

Numerous synthetic dyes have been used in industrial
sectors such as textiles, cosmetics, plastics, food, paper,
among others, in order to impart color to manufactured
products. The unrestrained use of these dyes can lead to seri-
ous environmental problems since 1%-10% are eliminated

* Corresponding author.

from industrial processes, and when not properly treated,
it can reach natural water sources and consequently affect
the environment [1]. Reactive synthetic dyes have chemical
properties which lead them to be considered toxic and car-
cinogenic, besides being recalcitrant [2].

The reactive red-120 (red-120) is one of the most used
reactive dyes in textile industry. It belongs to the class of azo
dyes, presenting on its molecular structure several chemical
groups such as azo (-N=N-), chlorotriazine (C,N,Cl), naph-
thalene (C, H,), aniline (C.H,N) and sulfonic (SO,), and it
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has high solubility in water with low biodegradability [3].
Many technologies have been employed for the remediation
of synthetic dyes in wastewater [1]. Usually, these processes
consist of conventional aerobic or anaerobic methods [4],
ultrafiltration, nanofiltration [5], non-conventional methods
such as photoelectrocatalysis [6] and photo-Fenton [7]. Most
of these methods have advantages, such as low cost and easy
application. On the other hand, their disadvantages are asso-
ciated to partial removal of dyes or formation of by-products,
which may lead to toxicity, causing new problems related to
their final disposal [8].

The adsorption process is considered an alternative
for removal of emerging pollutants in wastewater due to
its efficiency, ease of operation, and absence of toxicity by
adsorbents/biosorbents. Thus, several studies have been
carried out which the purpose of is to find new adsorbent
materials with good performance for adsorption processes.
In this perspective, the biomasses of several fungi including
Aspergillus niger, Rhizopus arrhizus, Rhizopus oryzae, among
others were applied for removal of dyes from aqueous solu-
tions [9-12]. However, for the best of our knowledge, the use
of fungal biomass (FB) of wild Ganoderma genus for removing
reactive azo dyes has not been reported in the literature. The
Ganoderma stipitatum grows naturally in tree stumps and
produce large basidiocarps. Therefore, the aim of this study
was to investigate the removal of red-120 dye using FB of
Ganoderma stipitatum basidiocarps as biosorbent.

2. Materials and methods
2.1. Chemicals

All chemicals used in this study were of analytical grade.
Red-120 dye (Fig. 1, C,,H, CL,N, O, S.Na, MW: 1475 g mol™)
was kindly provided by Sintex Tinturaria Industrial Ltda
(Goioeré-PR, Brazil). A stock solution of 1,000 mg L™ was pre-
pared by dissolving 1.0 g of dry red-120 in 1.0 L of distilled
water. The working solutions were prepared from dilution
of stock solution. The pH values of solutions were adjusted

using HCl and NaOH solutions (0.10 mol L7).

2.2. Preparation of biosorbent

Basidiocarps of a wild Ganoderma stipitatum were col-
lected from a Sibipiruna tree stump (Caesalpinia pluviosa),
then, they were dried in an oven with air circulation at 60°C
for 12 h and ground in a Wiley knife mill (Marconi®). The
obtained material was granulometrically separated, using a
Tyler sieve of 10 mesh, and fungi biomass (FB) particles of

0.91 nm

3.54 nm
L.??OO
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Fig. 1. Molecular structure of red-120 dye.

1.70 mm sizes were used as biosorbent. The FB was properly
stored and cryopreserved according to Colauto et al. [13].

2.3. Characterization of biosorbent

The identification of functional groups present in FB
was performed by Fourier transform infrared spectroscopy
(FTIR) using a Shimadzu 8300 spectrometer. FTIR spec-
tra were recorded with resolution of 4 cm™ and acquisition
rate of 32 scan min™ for wavenumbers ranging from 4,000 to
400 cm™. The KBr pellets were prepared in the ratio of 1:100
by mixing 1.0 mg of FB with 100 mg of KBr, and then pressed
at 5 ton cm? for 2.5 min.

The textural properties were characterized from
the N, adsorption/desorption isotherms at 77 K using a
surface area analyzer (Quantachrome® Noval200). The
specific surface area (Sy.,) of biosorbent was determined
by Brunauer—-Emmett-Teller equation (BET) [14] at relative
pressure (P/P°) between 0.05 and 0.20. The total pore volume
(V,) was calculated as the maximum amount of nitrogen
adsorbed at relative pressure of P/P°=0.99. The micropore vol-
ume (V“) was determined using De Boer method [15] and the
mesopore volume (V, ) obtained from the difference between
total pore volume and micropore volume (V,—V ). The aver-
age pore diameter (D ) was determined by the ratio 4V,/S, .,
and pore size distribution from Barret-Joyner-Halenda
method (BJH) which refers to mesoporous materials [16].

The morphological characterization of FB was performed
by scanning electron microscopy (SEM). SEM images were
obtained by a Tescan® model Vega3 instrument operating at
30 kV. For sample preparation, FB particles were fixed in an
aluminum support by a carbon tape and covered with a thin
layer of gold.

The pH at point of zero charge (PH,,.) of the FB was
determined from the pH, , method reported by Prahas et al.
[17]. The pH,,,. was evaluated by preparing NaCl solutions
(0.01 mol L™) at pH range of 2.0 to 8.0, which were adjusted
with NaOH and HCI (0.10 mol L™). Then, 0.50 g of biosor-
bent was added into Erlenmeyer flasks containing 50.0 mL of
NaCl solutions with respective pH values. These suspensions
were constantly stirred at 25°C for 24 h. The final pH of each
solution was measured using a pH meter (Tecnal® TEC-2).
Finally, the pH,, . of FB was determined from the plot of ApH

(pHﬂnal_ pHiniﬁal) VS. pHinitial'

2.4. Biosorption experiments

The biosorption studies were performed by batch sys-
tems. Thus, 0.50 g of FB was added into Erlenmeyer flasks
containing 50.0 mL of red-120 solutions. Then, the suspen-
sions were placed on a rotary shaker (Solab® SL-221) and
stirred under 90 rpm for predetermined time at 25°C. After
stirring, the samples were centrifuged (3,000 rpm) for 10 min
and filtered. The remaining concentrations of red-120 were
determined by UV-Vis spectrophotometer (Shimadzu®
1800) at wavelength of maximum absorbance (A__ =543 nm)
using a calibration curve (1-100 mg L™).

The pH effect on the biosorption of red-120 onto FB was
investigated using red-120 solutions (50 mg L™) at pH range
of 3.0-10.0 and stirring time of 24 h. The biosorption capacity
values, g, (mg g'), the amount adsorbed at the equilibrium,

max
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g, (mg g™), and the adsorbed amount of red-120 at time ¢ onto
FB, g,(mg g™'), were calculated according to Eq. (1):

(G -CV

W @™

T =49 =49:

where V is the solution volume (L), C, is the initial
concentration of red-120 dye (mg L™), C, is the red-120 dye
liquid phase concentration at time t and C, is concentration at
equilibrium, and W is the dry mass of biosorbent (g).

The effect of contact time on the biosorption of red-120
onto FB was evaluated from kinetic studies. Thus, red-120
solutions (50 mg L) were placed in contact with FB and
stirred at 25°C for a time interval ranging from 5 to 1,440 min.
The biosorption capacities at time ¢ (g,) were determined from
Eq. (1). The non-linear kinetic models of pseudo-first order,
pseudo-second order and Elovich were adjusted to experi-
mental biosorption data as well as the intraparticle diffusion
model which are presented in Table 1.

The biosorption equilibrium was investigated from bio-
sorption isotherm which was obtained from red-120 solu-
tions at pH = 3.0 with initial concentrations ranging from 30
to 1,000 mg L™ and stirring time of 540 min. The biosorption
capacities at equilibrium (g,) were calculated from Eq. (1).
The non-linear isotherm models of Langmuir and Freundlich
applied to experimental data are shown in Table 2.

Table 1
Biosorption kinetic models

Model Equation Reference
Pseudo-first ord - 18
seudo-first order g, =q.[1-e k,f] [18]

Pseudo-second order B kzﬂlf " [19]

L kgt
Elovich 1 [20]

g, ==In(1+apt)

p

Intraparticle diffusion [21]

q :kdi\/t

k, and k, are the biosorption rate constants of pseudo-first order
and pseudo-second order, respectively; a and 3 are the constants of
Elovich; K is the intraparticle diffusion rate constant.

Table 2
Biosorption isotherm models

Model Equation Reference
Langmuir Q. kC, [22]
T 1vkC
R, = !
1+KC,
Freundlich q. =k, CE“"*' [23]

Q, is the maximum biosorption capacity; k, is the Langmuir constant;
k.and n, are the Freundlich constants.

2.4.1. Evaluation of models

The kinetic and isotherm modeling were performed
using Origin® 8.5 software. The applicability of the models
to describe the experimental biosorption data was evaluated
from the determination coefficients (R?) and normalized stan-
dard deviations (Ag,), which were determined according to

Eq. (2):

g, (%) = 100, 2w ~eca) o] @)
‘ n-1

Whe?e ,0p 18 the exper%mental’ biosorpti'on capacity (mg gfl'),
q,. 18 the calculated biosorption capacity (mg g™) and # is
the number of data points.

2.4.2. Thermodynamic studies

Thermodynamic studies were carried out ranging
the temperature of biosorption system from 25°C to 65°C
(C, = 50 mg L, shaking time = 540 min). The energies
involved in the process, such as entropy change (AS®, ]
mol”'K™), enthalpy change (AH®, ] mol™) and Gibbs free
energy change (AG® ] mol'), were estimated from the
following equations [24]:

=4
K= ©
K =9 x1000 (4)
c CL,
AG® = —RTln(Kc) (5)

AH® AS°
In(K) ==+ = (6)

where R is the universal gas constant (8.314 ] mol™ K7), T
is the absolute temperature (K), K, is the variation of solute
between the solid and liquid phases at equilibrium (L g™') and
K_is a dimensionless constant, used to standardize the ther-
modynamic equilibrium constant [25].

The AG® values were obtained from K_values for each
temperature, being this energy considered as the difference
between the enthalpy change and the entropy change at a
constant temperature [26]. The AH® and AS° values were
calculated using the van’t Hoff equation (Eq. (6)).

3. Results and discussion
3.1. Characterization of biosorbent

FTIR analyses were performed in order to investigate
the presence of chemical groups on biosorbent. Fig. 2 shows the
FTIR spectra of red-120 dye and FB of Ganoderma stipitatum.

Analyzing the FTIR spectrum of red-120 (Fig. 2(a)), the
band centered at 3,450 cm™ can be attributed to O-H and
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Fig. 2. FTIR spectra of red-120 dye (A) and FB from Ganoderma
stipitatum (B).

N-H stretching of hydroxyl and aniline groups, respectively.
The bands at 1,621 and 982 cm™ may be associated with C=C
of aromatic groups [27], while the band at 1,545 cm™ identify
the N=N stretching, which is characteristic of azo group [28].
The bands at 1,470; 1,380 and 1,208 cm™ can be assigned to
C-C, C-O, C-H and N-H bonds, respectively [29], and the
band at 1,041 cm™ to S-O stretching [30].

From FTIR spectrum of FB (Fig. 2(b)), it can be seen a
broader band at 3,290 cm™, which can be attributed to charac-
teristic vibrations of O-H symmetric stretching and N-H of
triterpenes and polysaccharides [31]. The band at 2,887 cm™
can be ascribed to symmetric and asymmetric stretching of
CH, and CH, while the band at 1,622 cm™ can be assigned
to C=0 stretching vibration and -COO- of carbonyl groups
[32]. In addition, the band at 1,036 cm™ can be associated with
C-N-C belonging to the asymmetric vibration of an aromatic
compound [33].

3.1.1. Textural properties of biosorbent

Fig. 3 shows the N, adsorption and desorption isotherms
of FB at 77 K, which can provide information regarding the
textural properties such as specific surface area, total pore
volume, micropore volume and average pore diameter.
According to the IUPAC, N, adsorption/desorption isotherms
of FB can be classified as type III, which is characteristic of
materials with low porosity [34]. The textural parameters of
FB are presented in Table 3.

The results demonstrate that FB has a low total pore vol-
ume (V,=0.03 cm® g™) due to the absence of a well-developed
porous structure. FB showed S, of 21.2 m? g™ being higher
than other biosorbents reported in the literature, such as
chitin/lignin [35] and Oreochromis niloticus fish scales [36]
which presented surface areas of 2.26, 2.11 and 2.06 m? g7,
respectively.

20
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Fig. 3. N, adsorption (square symbols) and desorption (circular
symbols) isotherms of FB at 77 K.

Table 3
Textural properties of FB
SBET VT Vp VM/B]H Dp
(m?g")  (em’g’) (em’g?) (em’gh) (nm)
FB 21.2 0.03 0.00 0.02 2.62
Sger = BET surface area; V. = total pore volume; V = micropore
volume; V, ... = mesopore volume calculated by BJH method;

D = average pore diameter.
»

3.1.2. Scanning electron microscopy analysis

The SEM was carried in order to evaluate surface
morphology of FB. From the SEM micrograph shown in
Fig. 4, it can be verified that FB consists of a filaments struc-
ture, known as hyphae, which does not show uniformity each
other with irregular surface that may be due to the production
of lignolytic enzymes characteristics of Ganoderma stipitatum
since the enzymatic activities of this fungus may vary accord-
ing to different strains and culture conditions [37].

As observed in FTIR spectrum, the FB presents functional
groups on its surface which can gain or lose protons causing
a variation in the net charge of surface according to pH of
solutions [38]. The pH,,. can be defined as the pH value at
which the surface net charge of a material is equal to zero
[39]. Thus, in case of solutions with pH values lower than
pH,,., the material surface will have the predominance of
positive charges; on the other hand, for solutions with pH
values higher than pH,,, the net charge of surface will be
predominantly negative [40]. From Fig. 5, it can be seen that
FB exhibited pH,, . of 6.5, indicating the slightly acid charac-
teristic of material.

3.2. Biosorption studies
3.2.1. Effect of pH

The pH of solution is considered as an important factor in
biosorption process which affects biosorbent surface charge
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Fig. 4. SEM micrograph of FB.
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Fig. 5. pH at point of zero charge (pH,,,.) of FB.
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and dye solubility [41]. Fig. 6 shows the effect of pH on the
biosorption of red-120 onto FB.

As can be observed in Fig. 6, the higher values of Q were
obtained at low pH values, once in acidic medium the FB has
positive charge and red-120 negative charges, enhancing the
electrostatic interaction between biosorbent and adsorbate.
The improvement in the biosorption capacity may be related
to the carbonyl (C=0) and hydroxyl (OH) groups present in
the FB since the oxygen in these groups can act as a strong
Lewis base being capable of interacting with the dye ions
[38]. Thus, the pH = 3.0 was chosen for subsequent studies.

pH
Fig. 6. Effect of pH on the biosorption of red-120 onto FB.

3.2.2. Biosorption kinetics

The biosorption kinetics of red-120 onto FB, as well as the
non-linear adjustments of pseudo-first order, pseudo-second
order and Elovich models is shown in Fig. 7. The results
demonstrated that the system presented higher rate of bio-
sorption in the first 120 min. In addition, the time required
to reach the biosorption equilibrium (400 min) was relatively
low, when compared with other types of fungi applied for
removal of textile dyes [42,43].

The kinetic parameters regarding the biosorption of
red-120 onto FB are displayed in Table 4. The results demon-
strated that the Elovich model was best fitted to experimen-
tal kinetic data, presenting the highest value of R* (0.9890)
besides the lowest value of Ag, (3.01). The Elovich model
suggests the existence of chemisorption process on an ener-
getically heterogeneous surface without any effect of the
interactions between adsorbed species and/or the desorption
process [44]. The parameters a and 3 of Elovich model cor-
respond to the initial biosorption rate (mg g min™) and the
desorption rate (g mg™), respectively. The values of a and 3
were of 2,740.4 and 3.36, respectively, indicating an effective
interaction between red-120 and FB [45], and the viability of
the process [46] besides the practically irreversible character
of the system [47].

The adsorption mechanism can occur from three sequen-
tial steps: (i) external diffusion of the adsorbate through the
boundary layer of biosorbent surface, (ii) intraparticle diffu-
sion and (iii) adsorption of adsorbate onto active sites of bio-
sorbent [48]. The importance of these steps in the biosorption
of red-120 onto FB was investigated by applying the intrapar-
ticle diffusion model. Fig. 8 shows the graphic of g,vs. 2 and
the linear adjustments for red-120 biosorption data while the
kinetic parameters are listed in Table 5.

According to Fig. 8, it is possible to observe three define
stages. The first one presenting the highest slope (k, = 1.47),
followed by the second one (k,, = 0.110) and the third one
(k,; =0.010). The linear relationship of intraparticle diffusion
model was not obeyed, demonstrating that more than one
stage is involved in the biosorption mechanism [49,50]. The
line segment corresponding to the second stage does not pass
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through the origin, suggesting intraparticle diffusion may be
involved, although it is not the rate-limiting step of biosorp-
tion process [51].

In order to evaluate the resistance to intraparticle diffu-
sion, the intercept C (Table 5) of each stage was investigated
and followed the relation C,< C,< C,, indicating that in first
instants the resistance to external diffusion is lower, and as
contact time increase the amount of free dye molecules in
solution decreases, since most of the molecules were retained
onto FB due to biosorption. Thus, as the biosorption sites of
FB are filled, the mobility of red-120 molecules becomes more
difficult resulting in an increase in diffusion resistance at the

next stage [52].

5.0
45 . » /-_,.———-—-”—_r_’_—_—_-
4.0 ’g_/
3.5
1 = Experimental data
3-0'_ Pseudo-first order
Fop 2.54 —— Pseudo-second order
1 —— Elovich
£ 20]
o 1.5
1.0
0.5
0.0+

0 200 400 600 800 1000 1200 1400
Time (min)
Fig. 7. Biosorption kinetics of red-120 onto FB and non-linear

adjustments of pseudo-first order, pseudo-second order and
Elovich models.

Table 4
Kinetic parameters for the biosorption of red-120 onto FB

Pseudo-first Pseudo-second Elovich

G Toesp
(mgL') (mgg') order order
50 4.68 q,=431 q,=451 a=2,7404
k,=0.22 k,=0.07 p=3.37
hy=0.94 h,=1.47
R*=0.8663 R*=0.939  R2=0.9890
Aq, =890  Aq,=6.16 Ag,=3.01

g, =mg g7; k= min™; k,= g mg™ min™; h = mg g min™; Aq, = %;
a=mgg'min; B=gmg".

285

3.2.3. Biosorption isotherm

The isotherms are useful to evaluate the adsorption pro-
cess as a unit operation providing information regarding
the maximum adsorption capacities of various adsorbents/
biosorbents [53]. In order to explore the biosorption equilib-
rium of red-120 onto FB, the isotherm models of Langmuir
and Freundlich were fitted to experimental data and their
non-linear adjustments are shown in Fig. 9(a).

The Langmuir model [22] describes an adsorption pro-
cess that occurs on surfaces with homogeneous adsorption
sites where each adsorbate molecule occupies one site and
the maximum adsorption capacity occurs with formation of
the monolayer [54]. The Freundlich model [23] is an empiric
equation that describes the adsorption process with high
degrees of heterogeneity suggesting it can occur in multi-
layers at sites with different adsorption energies which can
decrease exponentially as the adsorbate is retained on the
adsorbent surface. The Freundlich constant (1,) is import-
ant to assess the favorability of adsorption process indicat-
ing the occurrence of low (n,< 1), moderate (1 <n,<2) and
high (2 < n,< 10) adsorption capacities [45]. From the iso-

thermal parameters displayed in Table 6, it can be seen, that
both models were well fitted to experimental data (R*> 0.90).
However, the Langmuir model was that best described the
biosorption equilibrium data of red-120 presenting the high-
est value of determination coefficient (R* = 0.9461) and the
lowest value of normalized standard deviation (Aq, = 12.4%)
which denotes that the biosorption capacity calculated by
the model is close to the experimental. This model describes
that monolayer biosorption maximum capacity (Q,) of FB

5.0
4.5

1
1
1
1
1
1
1
1
1
1
1
1
1
1
]

0 5 10 15 20 25 30 35 40
t? (min"?)

Fig. 8. Linear adjustments of intraparticle diffusion model for

biosorption of red-120 onto FB.

Table 5
Kinetic parameters obtained from linear fit of the intraparticle diffusion model
C,(mgL™) First stage Second stage Third stage
kdl Cl Rz de CZ Rz kd3 C3 R2
50 1.47 0 1 0.110 3.01 0.9925 0.010 4.47 0.4847

C,, C, and C, are the intercepts associated with the boundary layer thickness (mg g™).
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for red-120 was 44.44 mg g™'. The advantage supporting the
use of FB from the wild Ganoderma stipitatum as a feasible
and environmentally friendly biosorbent is the elimination
of reagents consumption.

50 -
40 -
g 30 -
g
= 204
10- = Experimental Data
Langmuir
Freundlich
0.
0 100 200 300 400 500 600
C,(mgL™")
0.5
0.4 \ (b)
0.3-
f \
0.2-
0.1-
\.\.\.
0.0 -
0 200 400 600 800 1000

Q) (mgL™)

Fig. 9. Biosorption isotherm of red-120 onto FB and non-linear
adjustments of Langmuir and Freundlich models (a) and
Langmuir separation factor (R,) (b).

Table 6
Isothermal parameters for the biosorption of red-120 onto FB
Model Parameters Values
Langmuir Q,ep (M &) 46.6
Q, (mgg™) 444
K, (Lmg™") 0.0385
R? 0.9461
Aq, (%) 12.4
Freundlich K, (Lmg™) 5.46
n, 2.88
R? 0.9095
Aq, (%) 16.5

The Langmuir separation factor, R, (Fig. 9(b)) is often
used to classify the adsorption process as unfavorable (R, >1),
linear (R, =1), favorable (0 <R, <1) or irreversible (R, =0) [55].
The values obtained for R, were between 0 and 1 suggesting
the favorability of red-120 biosorption in the concentration
range studied (30-1,000 mg L7).

Table 7 shows values of maximum biosorption capaci-
ties (Q,) of several biosorbents applied for removal of red-
120 dye from aqueous solutions. As can be observed, the Q
value of FB was of 44.44 mg g™, which is comparable with
other materials reported in the literature.

3.2.4. Biosorption thermodynamics

The thermodynamic parameters provide important infor-
mation regarding the biosorption process [60]. In case of neg-
ative values of AG®, the biosorption is considered favorable
and spontaneous; on the other hand, positive values of AG®°
indicate a non-spontaneous biosorption. Similarly, positive
values of AH® suggest an endothermic process while negative
values indicate the occurrence of an exothermic process. In
addition, values of AS° denote the affinity between adsorbate
and biosorbent, and spontaneity of process [61]. The thermo-
dynamic parameters regarding the biosorption of red-120
onto FB are listed in Table 8. The AH® and AS° values were

calculated from the slope [%J and intercept (%}, of the van’t
Hoff plot (InK vs. 1/T), respectively, which is shown in Fig. 10.

The negative values of AG° suggest the biosorption
process occurred spontaneously and is favorably, while
the negative value of AH® indicates its exothermic nature.
The negative value of AS°is an indicative that there was no
remarkable change in entropy, and that there was a decreased
disorder at the solid-liquid interface of system red-120 and
FB. The results herein found are agreeing with other works
reported in the literature [62,63].

Table 7
Maximum biosorption capacities (Q ) of biosorbents for removal

m

of the red-120 from the aqueous solution

Biosorbent Q, (mgg™) Reference
Lentinus sajor-caju 117.8 [56]
Chara contraria 102.9 [57]
Spirogyra majuscula 41.20 [58]
Jatropha curcas shells 13.39 [59]
Ganoderma stipitatum 44.44 This work

Table 8
Thermodynamic parameters for red-120 biosorption onto FB
Temperature Parameters
(K) AG® AH® AS°
(k] mol™) (k] mol™) (k] mol? K™)
298 -17.1 -75.2 -0.20
308 -14.3
318 -10.9
328 -10.9

338 -9.02
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Fig. 10. van’t Hoff plot for biosorption of red-120 onto FB.

4, Conclusion

The FB of Ganoderma stipitatum was applied as biosor-
bent for removal of reactive red-120 dye. The FB presented
non-uniform filaments characteristics with specific surface
area of 22.2 m? g™ and chemical groups of triterpenes and
polysaccharides. The surface charge characteristic of FB
(pH,, = 6.5) favored the biosorption of red-120 in acidic pH.
The kinetic studies demonstrated that the Elovich model
was best fitted to experimental data, and that intraparti-
cle diffusion could be involved along with other factors in
the biosorption kinetics of red-120 onto FB, but it is not the
rate-limiting step. The Langmuir model best described the
equilibrium data, suggesting biosorption in monolayer with
maximum biosorption capacity of 44.44 mg g™. In addition,
the thermodynamic study evidenced the exothermic nature
of biosorption process which was spontaneous and energet-
ically favorable. Therefore, the results support the use of FB
as biosorbent for removal of red-120 dye from wastewaters.
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