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Adsorption potential of macrofungi spent mushroom waste (SMW) (Agaricus
bisporus) to remove methylene blue (MB) and congo red (CR) dyes from aqueous
solution was investigated using native and Pre-treated biomass using autoclave at
optimum conditions. Batch experiments for the spent mushroom were carried out.
Spent mushroom waste was observed to have uptake capacity of 239.818 mg/g and
76.412 mg/g for MB and CR, respectively. Optimum pH for biosorption uptake onto
the fungal biomass was observed to be pH 8 for MB and pH 5 for CR. The optimum
contact time was found to be 4 h for MB and 3:30 h for CR. Optimum average particle
size was obtained to be 0.089 mm. Three equilibrium isotherm models have been used
for representing the experimental statistics. The Langmuir model gave the best results
for each dye. Three kinetic models were used for the MB and CR using the spent
mushroom biomass, good matching was found between pseudo second order kinetic
model and experimental data (R2 > 0.999). Fourier-Transform Infrared (FTIR) test
showed that the functional groups (carboxyl, alcohols, and alkanes) at the surface of
fungi biomass play the principal role in biosorption of dyes. Scanning Electron
Microscopy (SEM) and Scanning Electron Microscopy with energy Dispersive of X-ray
(SEM-EDX) revealed surface texture and porosity indicating better surface area for the
dye reaction. The usage of autoclaved biomass is a whole lot safer as it does now not
pose any danger to the environment.

Copyright © 2020 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction

The treatment of textile effluents to remove dyes in a monetary and value efficient way remains
as a primary problem for textile industries. Many conventional methods have been drastically
implemented for the removal of dyes from wastewater. Over time, treatments like photocatalytic
degradation [1], coagulation [2], membrane filtration [3], microbiological decomposition [4] and
many others had been used for the removal of pollutants from aqueous solution but those strategies
were proved to be practically not feasible for the effective application in removal of the pollutants
[5]. Those treatments additionally pose techno-cost effective shackles for subject-scale applications
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[6]. The low biodegradability of synthetic dyes has made it extra hard for the conventional biological
wastewater treatment method to be powerful. Additionally, a few dyes are extraordinarily toxic
and/or carcinogenic, and their biodegradation can produce even more poisonous fragrant amines
[7]. These challenges have motivated researchers to search for newer and safe alternative material
that is low-cost and available for the efficient removal of dyes and pollutants from wastewater. The
dye molecules show the affinity to stick at the diverse surfaces, and this feature provided a concept
about the exploitation of adsorption system for dyes removal from wastewater [8]. Adsorption is the
mass transfer of a substance (adsorbate) from liquid or gas phase onto the solid interface (adsorbent)
and becomes attached by physical and/or chemical interactions. It has been concluded that the
adsorption process has advantages over other processors due to the lack of sludge and the ease of
operation. From the few alternatives available methods of such treatments, biosorption is regarded
as the most efficient method. Among various biomasses, spent mushrooms (macrofungi type) are yet
to be fully investigated. Mushrooms are found in many regions of the world and grow prolifically.
Similarly, the performance of fungal biomass depends on its surface residences as governed through
the chemical structure, hydrophobic and hydrophilic characters of the cellular wall [9]. Pre-treatment
is used to enhance the surface traits of the fungal biomass with regards to their dye adsorbing
mechanism. This could be in terms of increasing the charge at the biomass surface or the binding
sites for adsorption and enhancing ion-alternate [10]. Methylene blue (MB) is a tricyclic
phenothiazine cationic dye used in different fields: textile, paper, rubber, plastics, leather, cosmetics,
pharmaceutical, and food industries [11]. High dosages of MB can cause toxicity, and it is also harmful
if swallowed; it irritates the eyes, respiratory system and skin [5]. Congo red (CR) is a benzidine-based
anionic diazo dye that can cause allergic reactions and can be metabolized to benzidine — a
carcinogenic product [12]. In this study the best biomass was selected from among its four cases (the
native, biomass exposed to autoclave, and chemically treated biomass (acid- and base-dealt with) to
be used for removal of the dyes MB and CR in a batch system at optimum operating conditions.

The spent mushroom substrate has components of 14% protein and many vitamins and
magnesium, calcium, zinc and iron, and higher amount of humic, fatty and amino acids. The
lignocellulosic component present in spent mushroom substrate possesses negatively charged
groups like phenolic, carboxylic and hydroxyl groups. The presence of these groups gives them ability
to bind with dyes and metals. Generally, the adsorption process of spent mushroom substrate
typically relies on the fact that surface of spent mushroom substrate possesses negative charge due
to the presence of anions such carboxyl, hydroxyl, amide groups; and adsorbates such as dyes,
pollutants, and heavy metals possess positive charge ions. The active functional groups and charge
on the spent mushroom substrate are analysed by FT-IR spectroscopy. This spectroscopic analysis
revealed that hydroxyl, phosphate, amide and carboxyl group of lignocelluloses and glucans,
mannans, and chitin of mushroom are involved in the adsorption process. The ability of spent
mushroom substrate to bind with the dyes, metal ions, and pollutants depends upon the structural
component of fungi and lignocellulosic agricultural residues. Chitin is an important component of
spent mushroom substrate for the adsorption of heavy metals and radionuclides, while chitosan is a
more effective alternative compared to chitin, to bind and form strong complexes with dyes, metals
and other pollutants. During the cultivation of mushroom, lignocellulosic, hemicellulose, and
cellulosic fibres are utilized by the mushroom for the growth in the period of cultivation. This leads
to the gradual degradation of the substrate and pore formation. The pore size is increased with
increase in time due to the continued substrate degradation process, which further increase
adsorption properties of spent mushroom substrate [13].
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2. Methodology
2.1 Materials and Methods
2.1.1 Materials

Adsorbent: Spent mushroom wastes were obtained from the mushroom farm in Baghdad (Al -
wadaq for agricultural investment company). The Spent mushroom was dried at atmospheric
temperature (37- 45°C) for five days and washed with deionized water to remove the impurities, and
dried in an oven for 8 h at 60 °C. The dried sample was reduced to fine particles using mortar and
pestle and sieved in order to select a determined particle size for the experiments. Materials with a
particle size of not more than 0.089 mm size were obtained by sieving through mesh size 89 microns
(DIN-4188). Table 1 shows the physical characteristics of the fungal biomass. These properties were
measured at Oil Research and Development Centre, Ministry of Petroleum, Baghdad, Iraq.

Table 1

Physical characteristic of SMW
Spent Mushroom waste (SMW)

Mean particle diameter (mm) 0.089

Surface area (m?/g) 4.63
Actual density (kg/m3) 1480
Bulk density (kg/m?3) 637
Particle porosity 0.6876

Adsorbate: Methylene Blue (MB, colour index number: 52015, chemical formula -
C16H18CIN3S.2H20, molecular weight: 373.90 g / mol, 98 % dye content) and Congo Red (CR, colour
index number: 22120, chemical formula — C32H22N6Na206S2, molecular weight: 696.67 g/mol, 98
% dye content) [14] were purchased from Scientific Offices in Baghdad. A methylene blue dye and
Congo red dye (1.0 g) was dissolved in 1L of distilled water to prepare (1000 g/I) of (MB and CR) stock
solution, and the concentration of (MB and CR) used (50 mg/l) were attained by dilution of the stock
solution. 50 ml of concentrated stock solution of MB and CR (1000 mg/I) were added to 1 L of distilled
water to obtain a concentration of 50 mg/l. The dye concentrations were determined
spectrophotometrically using UV visible spectrophotometer (Model: UV-1 100, Chrom Tech, USA).
The absorbances were measured at 665 nm and 497 nm for MB and CR, respectively.

2.1.2 Methods
2.1.2.1 Modification of fungi biomass

The spent mushroom waste can also be used in modified form in order to increase the adsorption
capacity. Non-modified SMW has the ability to remove dyes in general, but their ability to remove
acidic dyes is limited at the low pH environment [15, 16]. However, the absorption capacity of the
SMW in acidic media can be improved by pre-treating the SMW, and this helps to change the surface
of biomass from hydrophilic to hydrophobic [17].

Some biomass pre-treatments were performed to reinforce the efficacy of dyes adsorption. The
methods that have been used for pre-treatments are [18]

i. Auto calving: The SMW was autoclaved for half an hour at a temperature of 121 2C and

pressure of 18 psii.

ii. Acidic pre-treatment: 10 g of biomass was boiled with 100 ml of phosphoric acid solution

(10% (v/v) H3POQ,) for a quarter of an hour using a hot plate.
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iii. Alkali pre-treatment: 10 g of biomass was boiled with 100 ml of (0.5 N NaOH) sodium
hydroxide solution for a quarter of an hour using a hot plate.
The biomass was washed after each treatment in abundance of distilled water until the leaky
water from the washing process was neutral pH (7.0 £ 0.2).

2.1.2.2 Biomass analysis using fourier transform infrared

Dry biomass samples were examined before and after pre-treatment, before and after loaded it
for dyes using the spectrophotometer (FT-IR 8000, Shimadzu Japan). About 0.55 g of spent
mushroom biomass was added to 100 ml of dye solution (50 mg/l), and the pH of the dye solution in
the volumetric flask was calibrated to 8 and 5. The samples were shaken for4 h and 3:30 h each for
MB and CR, respectively, with an agitation speed of 250 rpm. The biomass on the surface of the filter
paper was collected, washed repeatedly with double distilled water, dried at 30 °C for 24 h, and
analysed by FT-IR test.

2.1.2.3 Scanning electron microscopy (SEM) and energy dispersive of x-ray (EDX)

Scanning electron microscopy (SEM) is a method to signify the surface structure and morphology
of the biosorbent substance. It is used to find out the shape of biomass particles and their porous
structure [19]. As the number of pores on the surface of the biomass increases, their adsorption
increases [20]. The surface morphology of the biomass can be known through the (SEM) technology,
and the elemental composition can be obtained from (EDX) analyses, EDX analysis is a useful tool for
identification of the kinds of elements contained in the biomass. The elemental composition can be
obtained from (EDX) analyses. EDX analysis is a useful tool for identification of the kinds of elements
contained in the biomass.

2.2 The Experimental Work

In a batch mode, a set of experiments was carried out using (100 ml) from the solution of each
dye (50 mg/l) in (250 ml) volumetric flasks to reach the best conditions and applied in isotherm
experiments and kinetic experiments. The dyes adsorption process onto adsorbent was applied by
changing the pH (2 - 10), contact time (0 - 240 min), biosorbent dose (0.05 - 0.6 g/100 ml), agitation
speed (100 - 300) rpm and the best pre-treatment of biomass. Using an incubator shaker, the
volumetric flasks were shaken until they reached equilibrium according to the best time obtained
from the contact time experience. A sample volume of 10 ml was taken from each flask and filtered
using Whatman filter paper (No.542 England), and the amount of dye removed was measured using
a spectrophotometer.

The external mass transfer coefficient was measured by mixing 1 L of each dye solution (50 mg/I)
and placing it in a 2 L pyrex beaker and mixing the solution using a mixer with the specified amount
of biomass, which was calculated from the constants of the best isothermal model with mass balance
equation (Eg. (1)). Mixing was done at four different speeds (200, 400, 600, and 1000 rpm), and the
samples were taken at time intervals, to reach equilibrium related (Ce/Co=0.05).

_ V(Co_Ce)
€ M

(1)
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where C_o and C_e are the elementary and equilibrium dye concentrations (mg/l), respectively, the
volume of dye solution (I) is denoted by V, and M is the quantity of the used biomass (g), ge is the
adsorption capacity (mg / g) of the adsorbent for specific dye at equilibrium .

2.3 Mathematical Models
2.3.1 Adsorption isotherm models

The equilibrium isotherm data were designed using the Langmuir, Freundlich, and Temkin
isotherm models given by Eq. (2)-(4), respectively [21, 22].

__ qmbCe
€~ 1+bC, (2)

where ge is the equilibrium biosorption capacity (mg/g), Co and Ce are the elementary and
equilibrium adsorbate concentrations in water (mg/l), respectively, gm is the maximum sorption
capacity for monolayer coverage, (mg/g), b is the constant related to the affinity of the binding site,
(I/mg).

e = KCJ'" (3)

where K is constant indicative of the relative adsorption capacity of the adsorbent (mg/g) (I/mg)1/n,
1/n is constant indicative of the intensity of the adsorption.

qe :Bl anT+Bl lnC (4)

where B1 = RT/b; (R) is the universal constant (8.314 J/mol.K), b is the Temkin constant, and T the
absolute temperature (K°). (K5 ) (I/mg) is the equilibrium binding constant corresponding to the
maximum binding energy, and the constant B1 (KJ/mole) is related to the heat of adsorption.

2.3.2 Kinetics models

Kinetic studies are necessary to optimize different operating conditions for the biosorption. The
rate of the biosorption process depends on the physical and chemical properties of the biosorbent
material and the mass transfer mechanism. Various kinetic models have been suggested for
explaining the order of reaction. The kinetics of dyes onto fungus biomass was analyzed using
pseudo-first-order, pseudo-second-order, and Intraparticle diffusion kinetic models. The applicability
of these kinetic models was determined by measuring the correlation coefficients (R2). High the value
of R2, the model is best applicable to data.

Eq. (5)-(7) represent the pseudo-first-order, pseudo-second-order and the intraparticle diffusion
kinetic models, respectively [23, 24].

In( Qeq — qe) = In Qeq — (K1) (5)

where geq is the adsorbed quantum per SMW at equilibrium (kg / kg); gt is adsorbed quantum per
SMW at time t (kg / kg); and KL is the pseudo-firstorder coefficient (sec-1).

1 101, 1
ar  ksq’eqt + eqt (6)
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where Ks pseudo-second order coefficient.
qc = kigt'/? +1 (7)

where | is the value of intercept (kg / kg), and Kid is the intraparticle diffusion coefficient (kg / kg.
sec).

2.4.3 The external mass transfer coefficient (kf)

The external mass transfer coefficient for the solute adsorbed at a certain particle size and
optimum speed, can be obtained by the analytical solution using Eq. (8) [25 - 27]

_ _RpppVi, (Ct
kp = —22kin (co) 0<Ct/Co< 1 (8)
where Coo (kg/m3) and Ctt (kg/m3) are the solute concentration at time 0 and time t (in sec),
respectively; RP is the radius of particle (m); pp is the particle density (kg/m3); VL is the volume of
solution (m3); and WA is the mass of fungus biomass (kg). The samples were taken after (2, 4 and
6min) annualized, for accurate estimation of kf.

3. Result and Discussion
3.1 Effect of pH

The pH is one of the most important factors affecting the process of adsorption because of its
impact on the charge of the biological surface and the ionization of its molecules.

The best pH was found to remove each dye by a set of volumetric flasks containing the solution
of dye at a concentration of (50 mg/l), and the pH ranges between 2-10. The results showed that the
percentage of removal of MB dye gradually increased until it reached the maximum removal at pH 8,
and the increase of the removal of the CR dye gradually until it reached the maximum removal at pH
5 as shown in Figure 1. Where, in the low pH solution, electrostatic repulsion occurs between the
positive charge on the surface of the biomass and the positive charge on the MB dye molecules, and
there is competition between the excess H* ions and the MB dye molecules on the biomass contact
sites of the fungus, this is consistent with [28, 29]. It is also noted that the CR dye removal ratio has
decreased in pH solutions less than five due to competition for biomass surface sites between
hydrogen ions and dye molecules [30]. In addition, the low CR dye removal rate in solutions with a
pH above five can be caused by electrostatic repulsion between the dye molecules and the surface
of the adsorbent [31, 32].

In general, it has been reported that in low pH solution, the removal rate of anionic dyes is
increased while the removal rate of cationic dyes is lower. Conversely, a high pH solution increases
the removal of the cationic dyes and causes a low removal percentage for anionic dyes. These results
are analogous to those reported by [33 - 36].
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Fig. 1. Effect of pH on removal efficiency of MB and CR dyes onto
SMW; dose of biomass 0.1 g/100 ml, Co= 50 mg/L, contact time = 240
min, and agitation speed = 200 rpm

3.2 Effect of Contact Time

The uptake of the dyes was rapid in the first 30 min. This rapid phase was followed by a secondary
slower phase until equilibrium was reached at 240 min for MB and 210 min for CR, respectively.
shown in Figure 2. The rapid phase could be explained with the availability of enough free active
binding sites on the biosorbent surface, but during the second phase, the number of binding sites is
limited and the effectiveness decreased [12, 37].

100 == NDB
=l=CR.

80

60

40

20

Removal efficiency %

0 T T T T T T T 1
0 30 60 90 120 150 180 210 240

Time (min)
Fig. 2. Effect of contact time on removal efficiency of MB and CR dyes
onto SMW; dose of biomass 0.1 g/100 ml, Co= 50 mg/L, pH=8, 5 (MB,
CR), and agitation speed = 200 rpm

3.3 Effect of Biosorbent Dose

The best dose of biomass needed to remove each dye was found through the use of amounts of
adsorbent ranging from (0.05 to 0.6 g / 100 ml of dye solution), as shown in Figure 3. It is noted that
the removal rate of both dyes increased with the increase of the dose of the adsorbent until it
reached the maximum removal when the dose was 0.55 grams. This is due to the increased binding
sites on the surface of the biomass by increasing the dose [38]. While the reason for the stability of
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?

the removal rate and reduced after 0.55 g is due to agglomeration of the adsorbent when increased

the dose [39].

==fe=MB
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dose(gr)

Fig. 3. Effect of dose of SMW on removal efficiency of MB and CR
dyes onto SMW,; contact time = (240 ,210) min, Co= 50 mg/L,
pH=8, 5 (MB, CR), and agitation speed = 200 rpm

Removal efficiency %

3.4 Effect of Agitation Speed

Figure 4 shows the relationship between the removal efficiencies of MB and CR onto fungus
particles at different agitation speeds. It was observed that the removal efficiency of the dyes
increases when the agitation speed increases until it reaches its maximum removal efficiency at 250
rpm. The reason for this is that the high agitation speed reduces the thickness and resistance of the
film. Lower the removal efficiencies after 250 rpm are may be due to sticking a part of the biosorbent
on the internal surface of the volumetric flask neck during the process of the shaker, which lowers
biosorptions of MB and CR. Therefore, 250 rpom was taken as the optimum agitation speed as the
maximum removal efficiencies can be obtained for MB and CR (93.53% and 88.21%), respectively.
These results are analogous to those reported by [40, 41].

Removal efficiency %

Fig. 4. Effect of agitation speed on removal efficiency of MB and CR dyes
onto SMW; dose of biomass 0.55 g/100 ml, Co= 50 mg/L, pH=8, 5 (MB,

100 - =h=NB
==CR

95 -
00 "_r—qr"\
85 A
80 A
75
70

0 100 200 300

agitation speed (rpm)

CR), and contact time= (240,210) min (MB, CR)
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3.5 Effect of Modification Fungus

The effect of modification fungus biomass on the rate of adsorption by autoclaved, acid-pre-
treated and alkali-pre-treated was studied. The experiments were conducted at optimum conditions
for each dye. It was noted that the removal efficiency of the biomass exposed to autoclave is higher
than the removal efficiency of the original biomass or treated biomass either with acid or alkali shown
in Figure 5. The autoclaved biomass was found to be more efficient because cell surfaces are mainly
anionic due to the presence of ionized groups such as carboxylate, hydroxyl, and phosphate in various
cell wall polymers. Cells, when subjected to autoclaving, can suffer rupture and denaturation of the
cell wall that can allow free access of adsorbates to cell wall binding sites [42 - 44].

100 OMB
@ECR
% 1 98.55
E 97.28

£ % 96.42 96.56
a 91 - 95.78
Z. 1 |93.53
= 92
=
O 90 -
=

88 4
FL: e 88.61
| 86 1
§ 84 -
o
= 82
=
o 80

native Autoclaving Acid-pretreatment  Alkali-pretreatment

THE PRETREATMENTS
Fig. 5. Effect of the pre-treatments of SMW on removal efficiency of MB and

CR dyes; dose of biomass 0.55 g/100 ml, Co= 50 mg/L, pH=8, 5 (MB, CR), and
agitation speed = 250 rpm; contact time= (240,210) min (MB, CR)

3.6 Characterization of Biosorbent

Nitrogen adsorption isotherm method was used to measure the BET analysis,which is revealed
that the surface area of the used biosorbent was found to be 4.63 m2/g. FTIR test were conducted
to indicate the nature of the cell wall active groups onto spent mushrooms biomass that explains
the adsorption of the MB and CR dyes. The adsorption capacity of solid adsorbents not only
depends on surface area but also on chemical surface functional groups.

The peaks shown in the FTIR spectrum were allocated to several active sites according to their
own wave numbers. Figure 6 shows the FTIR spectrum of fungus biomass before and after sorption
of MB dye and CR dye, and modified fungus after and before sorption of MB dye and CR dye.
Within the range of 400 - 4000 cm-1, the wave number was measured.

Where, the FTIR spectroscopic analysis evidenced strong bands at 3750 -2900 cm-1, which
indicated of (—OH) as the carboxylic group. The peaks about 2370 - 2925 cm-1 show the (-C-H+)
stretching vibration of the alkanes groups and the peaks ranging 530, 900, 1072 and 3440 cm-lare
described generally to the (-C-Br, C-O, -P-H+ and C-N-) stretching vibration in alkyl halides,
phosphines, alcohols, and amine, respectively. These results agreed with the results obtained by [45].
The modified fungus (at autoclaving) has lower transmittance intensity than the one without
treatment, and this indicated the higher removal efficiency of the treated fungus [46, 47].
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Fig. 6. FTIR spectra. (a) FT-IR spectra for SMW biomass before and after dyes loaded
(50 mg/l) (b) FT-IR spectra for modified SMW biomass before and after dyes loaded
(50 mg/I)

Figure 7 and Figure 8 are the SEM and EDX spectra images of the spent mushrooms biomass
before and after modification, respectively. From the micrograph of fungus show surface texture and
porosity. Fibrous nature of wall components was found and the surface of fungus biomass, which in
turn made feasible to visualize small pores. These significant features impart a positive property onto
the outer and inner surface of fungus biomass since these characteristics increase the surface area
of the dyes reaction [48]. Additionally, the SEM and EDX showed that the fibrous nature of the
biomass was caked when autoclaved, implying that physical strength of hyphae of the fungus was
weak [36]. The amorphous homogeneous hetero-polysaccharides, often in association with proteins,
play the role of cementing materials [49, 24].
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Fig. 7. SEM micrograph of SMW (a) Before modified (b) After modified
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Fig. 8. EDX spectra of SMW (a) Before modified (b) After modified

3.7 Adsorption Isotherm

Figure 9 shows the plots of equilibrium isotherms of MB and CR onto modified fungus particles
at an initial concentration of 50 mg/|, pH= 8.0 and 5.0 shaking time 240 min,210 min agitation speed
was 250 rpm for MB and CR respectively, and mass of adsorbent ranges from 0.05 to 0.6 g/ 100ml.

The Figure 9 and Table 2 indicate the following: The equilibrium isotherm for the removal. Of MB
and CR were of a favourable type. The maximum removal efficiencies of MB and CR were achieved
at high mass of adsorbent, while the maximum uptake was achieved at low mass of adsorbent. The
best fit model to describe the biosorptions of MB and CR onto modified fungus particles in single
system is Langmuir isotherm model with higher correlation coefficient of 0.994, and 0.984
respectively. These results are analogous to those reported by [10, 50].
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Fig. 9. Biosorption isotherms of MB and CR dyes onto modified SMW
Table 2
Isotherm models parameters for MB and CR dyes
onto SMW
Model Parameters MB CR
Langmuir gm(mg/g) 239.818 76.412
_ bgy,C b(l/mg) 0.0364  0.0460
9 =713 bC R? 0.994  0.984
Freundlich K, (I/g) 9.3514  4.0599
g, =KC/n n,- 1.207 1.293
R? 0.991 0.977
Temkin Kr(mg/g) 1.332 0.907
_RT B:=RT/b (I/mg) 21.439  10.001
de = i) o 0918  0.860

3.8 Kinetic of Biosorption

The mass of fungus particles used for adsorption of MB and CR dyes was determined from the
equilibrium related concentration of (C/C,=0.05) using Langmuir model constants with a mass
balance in 1 L of solution (50 mg/l). The optimum mass of fungus particles was found to be
(2.374x1073, and 6.027x1073) kg for MB and CR respectively. The concentration decay curves of
solutes were carried out at different speeds of the mixing of (200, 400,600 and 1000) rpm as shown
in Figure 10. It found that the optimum agitation speed needed to a chive C/Co= 0.05 is 400 rpm for
MB and 600 rpm for CR. The kinetic constants of each model were obtained using the nonlinear
analysis results of these models with the experimental data by Microsoft Excel Software. The results
show that pseudo-second-order model gives the best description for the experimental data (it has
the highest value of R?) as shown in Table 3 and Figure 11. On the other hand, the uptake values were
obtained from experiments are close to the calculated values. These results suggested the
chemisorption nature of adsorption of MB and CR dyes onto the surface-active sites of fungus
biomass [23].
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Fig. 10. Concentration-time decay curves for(a) MB and (b) CR dyes
biosorption onto modified fungus at different agitation speed
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Fig. 11. The pseudo-second-order model for MB and CR dyes; Co=50
mg/L
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Table 3
Kinetic model parameters for MB and CR dyes biosorption onto
fungus biomass

Model Parameters MB CR

ge experiment (mg/g) 20 7.88

Pseudo-first-order ge (mg/g) 1.13 0.946
K (mint) 0.0143  0.0223
R? 0.808 0.915

Pseudo-second-order ge (Mg/g) 19.96 7.874
Ks (g/mg.min) 0.0831  0.122
R? 0.999 0.999

Intraparticle diffusion C (mg/g) 18.456  6.728
Kid (mg/g.min%) 0.13 0.099
R? 0.712 0.783

The external mass transfer coefficient (kf) is the principle parameter required for solving the
batch model which was obtained using the concentration decay curve Resulting from experimental
data at optimum mixing speed (400 rpm for MB and 600 rpm for CR) and (Eq. (7)). The average
calculated values of (kf) for MB and CR dyes were found to be 4.053x10-5 and 1.306x10-5 m/s
respectively.

3.9 Effect of Competition between Dyes on Biomass

The industrial wastewater effluents have a high content of organic pollutants such as dyes. In
the biosorption systems, these contaminants interact among them with the sorbent used in
different ways and different capacities, thus competing for the binding sites of the sorbent [51].

Therefore, the effect of competing resulted from the MB and CR dyes were studied at pH =7, the
dose of biosorbent = 0.55 g/100 ml, agitation speed = 250 rpm, and initial concentration 50mg/I. The
experiment was conducted using different times as shown in Figure 12. The results show that the
removal of MB was greater than CR; this can be due to the chemical and physical properties of MB
which is more favourable to biosorbent than CR. The lowers adsorption capacity of CR may be due to
its higher solubility compared to MB. These results agree with [52].

=dr=MB

== CR
120 A

100
80
60
40
20

Removal efficiency %

0 1 I 1 1 1 1 I 1
0 30 60 90 120 150 180 210 240

Time (min)
Fig. 12. Effect of Competition between Dyes onto fungus; pH=7, dose of
biomass = 0.55 g/100 ml, agitation speed = 250 rpm and Co= 50 mg/|
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4. Conclusion

i. The present study shows that the modified fungus biomass by autoclave at optimum
conditions is more efficient for the adsorption of MB and CR from aqueous solutions
compared to untreated, acid-pre-treated and alkali-pre-treated biomass.

ii. Characterization by the SEM of the biomass showed that the fibrous nature of the biomass
was caked when autoclaved, implying that physical strength of hyphae of the fungus was
weak.

iii. FTIR analysis indicated that functional groups (Carboxyl, alcohols, and alkanes) on the surface
of fungus biomass play the major role in biosorption of the dyes by complexation mechanism.

iv. The optimum biosorption conditions were found to be: initial pH 8.0 (MB) and pH 5.0 (CR);
contact time of 240 min (MB) and 210 min (CR); biosorbent dosage of 0.55 g/100 ml; initial
concentration 50 mg/l and agitation speed 250 rpm.

v. The equilibrium data for MB and CR biosorption fitted well into the Langmuir, Freundlich and
temkin models. It was found out that biosorption process is favourable, and Langmuir model
gives the best fit for the experimental data.

vi. The experimental kinetic data used to analyse the effect of external film boundary layer
revealed that MB and CR biosorption onto fungus particles followed Pseudo-second order
model for the two dyes. These suggest suitability of the adsorbent in dyes removal.
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