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ABSTRACT

In this study, spent mushroom (SM) (Tricholoma lobayense) was used as a new low-cost adsorbent
for removing Congo Red (CR) from aqueous solutions in a batch process at 25 °C. By varying the
adsorbent dose, initial concentration, contact time, initial pH and particle size, the respective
effects of these factors on the adsorption performance were explored. The sorption equilibrium
data fitted Langmuir isotherm and the maximum adsorption capacity was 147.1 mg/g at 25 °C.
The kinetic data obtained at different initial concentrations were analyzed using pseudo-first-
order, pseudo-second-order and intraparticle diffusion equations. The pseudo-second-order
described the adsorption of Congo Red on spent mushroom very well.
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1. Introduction

Textile printing and dyeing is one of major indus-
tries in China and produces large volumes of waste-
water during the preprocessing and dyeing processes.
It is reported that the discharge volumes of these waste-
water reaches 14.13 x 10® tons per year [1]. Some dyes are
carcinogenic and mutagenic and are toxic to the aquatic
life and the food web [2]. Therefore, the removal of such
colored agents from aqueous effluents is of significant
environmental, technical, and commercial importance [3].

Currently, anumber of methods have been developed
for the removal of dyes from wastewaters to decrease
their damage to the environment. The technologies
involve adsorption on inorganic or organic matrices,
decolorization by photocatalysis, and/or by oxidation
processes, microbiological or enzymatic decomposition,
etc. [4]. Among these removal technologies, adsorption
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is considered to be an effective method due to the ease
of operation and comparable low cost of application. At
present, the most commonly used adsorbent in waste-
water treatment is activated carbon, which has also been
studied for the dye removal. But the extensive applica-
tion of activated carbon is still in difficulty due to its high
cost. Therefore, it is necessary to explore cheaper adsor-
bent for wastewater treatment. Some researchers have
reported many low-cost materials which are mainly
from industrial and agricultural production, such as
broad bean peels [5], spent tea leaves [6], fly ash [7],
wheat straw [8], bagasse fly ash [9], pomelo (Citrus gran-
dis) peel [10], clinoptilolite [11], Ca-bentonite [12], rice
husk [13], Jute stick powder [14], almond shells [15],
groundnut shell [16], activated palm ash [17].

Tricholoma lobayense is a precious edible mush-
room, which is extensively grown in south China. Spent
T. lobayense is a waste in the process of mushroom produc-
tion, which includes stipes of mushroom and sub-quality
ones. Due to the high consumption of T. lobayense, massive
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amounts of the spent T. lobayense (as waste) are disposed,
causing a severe problem in the environment. Hence, the
utilization of such waste is most desirable. Furthermore,
after adsorption of dyes, the spent T. lobayense can also be
used for biogas production. Congo Red (CR) is an anionic
dye, which has been widely used in textiles, paper, rub-
ber and plastic industries [18]. The aim of this study was
to investigate the potential of spent T. lobayense, an abun-
dantly available solid waste, as a low-cost adsorbent in
the removal of an anionic dye, Congo Red (CR), from
aqueous solutions.

2. Materials and methods
2.1. Adsorbate

Congo Red (CR) used in this study was of analyti-
cal grade chemicals (C.I. = 22,120, chemical formula =
C,H,,NNNa,0OS, FW= 696.7, A = 500 nm) and was
purchased from Kelong Chemical Reagent Factory,
Cheng du, Sichuan province, China. The structure of CR

is shown in Fig. 1.

2.2. Preparation of adsorbent

Fresh spent edible mushroom (T. lobayense) was col-
lected from a mushroom production site near Chengdu,
Sichuan. Prior to use, it was cleaned and the sample was
then air dried and boiled with water until the filtered
water was cleared. After being dried at 50 °C for 24 h, it
was then powdered using a grinder. Then it was passed
through 60 mesh, 100 mesh and 200 mesh (<75 um)
sieve and stored in a plastic bottle for further use. No
other chemical or physical treatment was used prior to
adsorption experiments.

2.3. Preparation of dye solution and estimation

Stock solutions (1000 mg/1) of CR was prepared in
double distilled water and diluted to get the desired
concentration of the dyes. Concentrations of dyes were
determined by finding out the absorbance at the char-
acteristic wavelength using UV /vis spectrophotometer.
Before all the experiment, calibration curves for the

SOsNa

Fig. 1. Molecular structure of Congo Red.

dyes should be prepared by measuring the absorbance
of different concentrations of the dyes at their optimum
A, using UV /vis spectrophotometer. The dye concen-
trations in calibration curves were controlled within
30 mg/1. Therefore, the samples with higher concen-
trations of CR (> 30 mg/1) were diluted with distilled
water to make the concentration less than 30 mg/1.
Amount of dye uptake, g (mg/g), was calculated using
the following equation:

q=(C~C)-V/1000 W 1)

where C, (mg/1) is the initial dye concentration, C, (mg/1) is
the dye concentration after adsorption, W (g) is the amount
of adsorbent and V (1) is the volume of the solution.

2.4. Adsorption experiments

To study some important parameters like adsorbent
dose, initial concentration, contact time, pH and particle
size, each batch experiments was performed in a 150 ml
stoppered glass Erlenmeyers flasks containing a definite
volume (50 ml in each flask) at 25 °C on a constant tem-
perature breeding shaker (SUKUN) with a shaking of 180
rpm. After adsorption, all the samples were centrifuged
at 10,000 rpm for 5 min and analyzed for the residual dye
concentration. The effect of spent mushroom dose on the
amount of CR adsorbed was studied by adding different
amounts (0.05g, 0.10g, 020g, 0.40g, 0.60g, 0.80 g, and
1.00 g). The effect of initial pH on dye removal was stud-
ied over a pH range of 2-12. The pH was adjusted by the
addition of diluted aqueous solutions of HCI or NaOH
(0.10 M). To study the adsorption isotherms, adsorption
experiments were carried out by adding 0.2 g sorbent into
50 ml of different initial concentrations (80—450 mg/1) dye
solution without changing the solution pH. For adsorption
kinetics, the procedures were basically identical to those
of equilibrium tests. The samples were taken at different
time intervals for analyzing the residual dye concentration.
The effect of particle size on dye removal was conducted
by adding different particle size adsorbent (60 mesh, 100
mesh and 200 mesh) into 50 ml 100 mg/1 dye solution. All
the experiments were conducted in duplicate. Besides, two
controls were performed. A blank, 50 ml of the dye solu-
tion without any sorbent was shaken. A control, with only
the adsorbents in 50 ml of double-distilled water was also
shaken to determine any color leaching of the adsorbent.

3. Results and discussion
3.1. Effect of adsorbent dose on dye adsorption

The effects of adsorbent dose on the %removal of
CR are shown Fig. 2. It was observed that the %removal



X. Tian et al. / Desalination and Water Treatment 27 (2011) 319-326 321

120 4

—o— % Removal

100 + —e

% —— o

/!

~—

% Removal (%)
[o2]
o
1

S
o
1

204

0 T T v T T T T
0 4 8 12 16 20
Adsorbent dose (g/L)

Fig. 2. Effect of adsorbent dosage on the adsorption of CR
on SM (temperature= 25 °C, C, = 100 mg/l, stirring rate =
180 rpm, equilibrium time =1 h).

increased with increasing in adsorbent dose. At equilib-
rium time of 1 h, the %removal increased from 69.66%
to 100% for an increase in SM dose from 0.05 to 1.00 g.
Above 4 g/1 of sorbent dose, the adsorption equilib-
riums of dyes reached and the %removal of dyes was
almost unchanged. So, optimum SM dose was found to
be 4 g/1. The increase in %removal of CR was due to the
increase of the available sorption surface and availabil-
ity of more adsorption sites. A similar observation was
previously reported for removal of methylene blue from
aqueous solution by spent tea leaves [6].

3.2. Effect of initial pH

The effect of initial solution pH on the %removal of CR
atequilibrium conditions is shown in Fig. 3. It was observed
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Fig. 3. Effect of solution pH on the adsorption of CR on SM
(temperature = 25 °C, C; = 100 mg/l, stirring rate = 180 rpm,
equilibrium time =1 h).

that the %removal decreased with increasing solution pH.
The removal rates were the highest at pH 2 (98.34%) and
the lowest at pH 12 (76.60%). The g, decreased from 24.59
mg/g to 19.15 mg/g while pH increased from 2 to 12.

Several reasons may be attributed to the dye adsorp-
tion behavior of the adsorbent at different solution pH,
such as the active sites and the charge of surface of SM,
and the chemical property of solution at different pH.
At lower pH, the surface of adsorbent may be posi-
tively charged, while the solution ions were negatively
charged, so the electrostatic attraction was the main
force between the adsorbent and anionic dye. At higher
pH, the surface of adsorbent particles may be negative
charged, the main force was electrostatic repulsion and
resulted in the decreased removal rates. Also, there was
competition between OH" (at higher pH) and colored
ions of CR for positively charged adsorption sites. Simi-
lar results were reported in the literature [19-21].

3.3. Effect of adsorbent particle size

The effects of adsorbent particle size on the %removal
of CR and g, are shown in Table 1. It can be seen that
both %removal of CR and g, increased with the decrease
in adsorbent particle size. The reason that can account
for this is the surface area of adsorbent, which increases
with the decrease in adsorbent particle size and can pro-
vide more active sites for dye adsorption. Similar obser-
vations were also reported by other investigators [5,22].

3.4. Adsorption kinetics

Effect of contact time and initial CR concentration
on adsorption of CR by SM are shown in Fig. 4. As
shown in Fig. 4, with increasing C, from 80 to 450 mg/1,
the amount of CR adsorbed per unit mass of adsor-
bent increased from 19.40 to 99.90 mg/g, although the
removal rate decreased from 96.86% to 88.75%. The C;
provides the necessary driving force to overcome the
resistances to the mass transfer of CR between the aque-
ous and the solid phases and enhances the interaction
between adsorbate and adsorbent. It was observed that
equilibrium time were different for different initial con-
centrations. The equilibrium conditions were reached

Table 1

CR removal percentages of different particle size (dye
concentration:100 mg/1; sorbent dose: 4 g/1; contact time:
1 h; pH 5.0; stirring rate = 180 rpm)

Particle size (mesh) CR removal (%) g, (mg/g)
60 81.27 20.32

100 91.53 22.88

200 92.75 23.19
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Fig. 4. Effect of contact time and initial concentration on the
adsorption of CR on SM.

within 30-60 min for initial concentrations less than
300 mg/1 while 180 min was needed for concentrations
from 350 to 450 mg/1. From the above observation, it
is evident that for lower initial concentration of the
dye, the adsorption is very fast and equilibrium time is
shorter. For various adsorbents, the equilibrium times
are very different. For example, Bulut et al. [23] reported
that after 60 min, the amount of CR adsorbed reached
equilibrium for initial concentration from 75 to 300 mg/1
at 25 °C. Other authors [24] reported that the amount
of dye adsorbed (mg/g) by coir pith carbon reached

Table 2
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equilibrium after 10 min for the dye concentrations 20,
40, 60 and 80 mg/1 at 35 °C.

In order to investigate the mechanism of adsorption,
pseudo-first-order, pseudo-second-order and the intra-
particle diffusion model were used to study the kinetics
of adsorption of CR on SM.

3.4.1. Pseudo-first-order model

The pseudo-first-order model is described by Lager-
gren as [25]:

log (9,—4,) = log q.—k,t/2.303 ()
where g, (mg/g) is the amount of CR adsorbed at equi-
librium, g, (mg/¢g) is the amount of CR adsorbed at time
tand k, (1/min) is the rate constant of pseudo-first-order
adsorption. k, and g, are calculated from the slopes and
intercepts of plots of log (g, - q,) versus t.

The values of parameters of three kinetic models and
the determination factor (R?) are presented in Table 2. It
can be seen that the R* for pseudo-first-order model are
not very high[0] in all initial CR concentrations, vary-
ing from 0.8676 to 0.9592. Also, the g, calculated from
pseudo-first-order model were very low compared
with experimental g_. This suggested that it was not
appropriate to use pseudo-first-order model to predict
the adsorption kinetics of CR onto SM.

Kinetic parameters for the removal of Congo Red by SM (T = 298 K, C, = 80, 150, 230, 300, 350, 400, 450 mg/1)

C, (mg/1) Do exp (mg/1) Pseudo-first-order model Pseudo-second-order model
k, (min™) Goren (Mg/1) R? k,(q/mgmin)* ¢, (mg/l) R?

80 19.40 0.0156 1.0380 0.9592 0.0645 1941 1.000
150 36.10 0.0352 5.2905 0.9337 0.0219 36.23 1.000
230 55.30 0.0267 3.9801 0.8676 0.0172 55.56 1.000
300 71.30 0.0256 0.9742 0.8916 0.0059 7194 0.9999
350 82.62 0.0352 42.6481 0.9269 0.0021 84.75 0.9998
400 92.71 0.0285 40.7380 0.9072 0.0021 94.34 0.9995
450 99.90 0.0228 3.3767 0.9011 0.0014 102.04 0.9993
Intraparticle diffusion model
Co(mg/D)  k,, (mg/g I, (R,)* kg, (me/g I, R,)? kys (mg/g 1 R,

min'/?) min'/?) min'/?)

80 04372 16.983 0.9533 0.0506 18.643 0.9562 - - -

150 1.6012 27.254 0.9740 0.1326 34.256 0.8342 - - -
230 29131 39.808 0.9871 0.1184 53.674 0.8165 - - -
300 39274 45.642 0.9055 2.1288 53.525 0.9758 0.1011 9.795 0.8263
350 5.699 40.904 0.9954 2.2312 57.71 0.9995 0.4759 75.583 0.7924
400 5.3551 52.027 0.9104 3.0364 61.516 0.9745 0.9937 77.887 0.9457
450 7.8094 41946 0.9905 3.0581 63.801 0.9963 1.049 83.454 0.9913
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Fig. 5. The fitting of pseudo-second-order model for CR on
SM for different initial concentrations at 25 °C.

3.4.2. Pseudo-second-order model

The pseudo-second-order kinetics can be expressed
as [26]:

t/q,=1/kg>+1t/q, ©)

where k, (g/mg min) is the rate constant of pseudo-
second-order adsorption, g, (mg/g) is the amount of
CR adsorbed at time t, k, and g, are calculated from the
slopes and intercepts of plots of t/g, versus t.

The plots of the linearized form of the pseudo-
second-order kinetic model for adsorption of CR on SM
are shown in Fig. 5. It can be seen from Table 2 and Fig. 5
that the determination factors were extremely high, in
the range of 0.9993-1. Compared with pseudo-first-
order model, the g, calculated from pseudo-second-
order kinetic model for all concentrations were very
close to experimental g_. Therefore, the adsorption of
CR follows second-order kinetics. A similar result was
reported for the adsorption of CR from aqueous solu-
tion onto Ca-bentonite [12].

3.4.3. Intraparticle diffusion

The intraparticle diffusion equation is given by the
following equation [27]:

g =k 2 +1 (4)

where g, (mg/g) is the amount of CR adsorbed at time
t, k, (mg g™ min™'?) is the intra-particle diffusion rate
constant and [ is the intercept, which are obtained from
the slope of the straight line of g, versus t'/%.
Intraparticle diffusion is a possible rate-limiting step
in adsorption system. The intraparticle diffusion plots of
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Fig. 6. Intraparticle diffusion plots for CR adsorption on SM
for different initial concentrations at 25°C.

the experimental results, g, versus t'/* for different initial
CR concentrations are shown in Fig. 6. It was observed
from Table 2 and Fig. 6 that adsorption process was
controlled by a multi-step process. The plots did not
pass through the origin, indicating that intraparticle
diffusion was not the only rate control step and there
were some other mechanisms such as complexation or
ion exchange were involved in the CR adsorption pro-
cess. The R? values for intraparticle diffusion model
were between 0.8263 and 0.9995 which were lower than
pseudo-second-order kinetic model.

3.5. Isotherm analysis

Adsorptions isotherms describe the interactions
between adsorbate and adsorbent. In this study, the
Langmuir, Freundlich and Temkin isotherms were used
to describe the properties of adsorption.

The Langmuir assumes that the sorption takes place
at specific homogeneous sites within the adsorbent [28].
It is expressed as:

qe = quaCe/ (1+Kace) (5)

where g_ is the amount of CR adsorbed at equilibrium
(mg/g), g, is the maximum adsorption capacity of
adsorbent (mg/g), C, is the concentration of CR at equi-
librium (mg/1) and K_ is the Langmuir constant (1/mg).
g,, and K are calculated from the slopes and intercepts
of the straight lines of plot of 1/q, versus 1/C_. The val-
ues of g_, K. and the determination factor (R?) for Lang-
muir model are given in Table 3.

The essential characteristics of the Langmuir equa-
tion can be expressed in term of a dimensionless separa-
tion factor, R, defined as [29].

R=1/ (14K, C,) (6)
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Table 3
Isotherm constants for CR adsorptionon SM at 25 °C

where A is the Temkin isotherm energy constant in 1/g
and B is the Temkin isotherm constant. B and A are cal-
culated from the slopes and intercepts of the straight

Isotherm Values of parameters lines of plot of g, versus In C_. The values of A, B and
Langmuir the determination factor (R?) for the Temkin model are
q, (mg/g) 147.1 given in Table 3.
K, (I/mg) 0.0605 Isotherm constants and isotherm plots for CR adsorp-
R? , 0.9972 tion on SM at 25°C are showed in Table 3 and Fig. 7,
?E?(ndh;h)(l/ . 138146 respectively. It can be seen that the experimental data
0 me/e)l/e 1784 fitted Langmuir isotherm better than the Freundlich
R? 0.9361
Temkin
A 0.7553 Table 4
B 28.888 Reported maximum adsorption capacities (g, . in mg/g) for
R? 0.9830 CR obtained on low-cost adsorbents in the literature
Adsorbent 9. @ inmg/g) Reference
14o0r Coir pith 6.720 [24]
120F Activated red mud 7.080 [32]
o = % Bagasse fly ash 11.88 [33]
_ =" Montmorillonite 12.70 [20]
%E.'? o Orange peel 14.00 [34]
3 6o} ® Experimentdata Fungal biomass 14.16 [35]
wh — TangmuiFisotherm Banana peel 18.20 [34]
== Freundlich isotherm Untreated sunflower 34.26 [36]
20F == Temkin isotherm stalks
05 T o — e e 2 Jute stick powder 35.7 [14]
g Waste Fe(III)/Cr(II) 44.00 [37]
hydroxide
. . o Chitosan 81.23 [20]
Fig. 7. Isotherm plots for CR adsorption on SM at 25°C. Bamboo dust carbon 1019 [38]
Spent mushroom 1471 In this study
Bentonite 158.7 [23]
Coconut shell carbon 188.4 [38]
where C is the initial concentration of the solution and  Rice husk carbon 237.8 [38]
K, is the Langmuir’s adsorption constant (1/mg). Straw carbon 403.7 [38]
The Freundlich isotherm assumes that the adsorp-
tion process takes place on heterogeneous surfaces and
the equation can be written [30]: 0.20 -
— 1/n
9. = K @ ote]
where K, (mg/g (1/mg)"/") is the Freundlich constant
which indicates the adsorption capacity and 1/# is the 0.12
adsorption intensity.1/n and K; are calculated from the -
slopes and intercepts of the straight lines of plot of In g, -l
versus In C_. The values of K, n and the determination '
factor (R?) for Freundlich model are given in Table 3.
Temkin isotherm assumes that the heat of adsorp- 0.04 \.\'\,
tion of all the molecules increase linearly with coverage
of the adsorbate molecules over adsorbent surface [31]. —

The Temkin isotherm has been used in the following
form:

g,=RTIn (AC))/b ®)

T T T T 1
100 200 300 400 500
Initial concentrtion (mg/1)

Fig. 8. The separation factor for CR adsorption on SM
at25°C.
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Table 5

The parameter R, indicated the shape of isotherm

Value of R Type of isotherm
R >1 Unfavorable

R =1 Linear

0<R <1 Favorable

R =0 Irreversible

isotherm and the Temkin isotherm. This indicated that
the adsorption of CR on SM was monolayer adsorption.
The value of the determination factor (R?) of Langmuir
is 0.9972, which is higher than Freundlich (0.9361) and
Temkin (0.9830). It is also can be seen from Table 2 that
the maximum monolayer adsorption capacity (g.) of
SM for CR was 147.1 mg/g, which is lower than that of
straw carbon, rice husk carbon, bentonite and coconut
shell carbon, but higher than orange peel, Ca-bentonite,
jute stick powder chitosan, montmorillonite and bagasse
fly ash[0], as listed in Table 4.

As shown in Fig. 8, the value of R, was in the range of
0-1 which confirms the favorable uptake of the CR (Table 5).

4. Conclusions

The present study investigated the adsorption of CR
onto spent edible mushroom (Tricholoma lobayense). The
amount of CR adsorbed decreased by increasing pH
and increased with increasing initial concentration. The
sorption equilibrium data fitted Langmuir isotherm and
the maximum adsorption capacity was 147.1 mg/g. The
kinetics of the adsorption followed the pseudo-second-
order kinetic model. The adsorption of CR onto SM was
also controlled by external mass transfer followed by
intraparticle diffusion mass transfer. Edible mushroom
grows in many countries in the world, so the spent edi-
ble mushroom can be easily acquired and it is feasible
to use spent edible mushroom for removing Congo Red
from wastewater in a commercial system.
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