Association of Arab Universities
Journal of Engineering Sciences

ouigh) & gadl g ciluad jall Ay sl claslad) slad) Alye

Sy daaly - daigh Al

Biosorption of Cationic Dyes onto Cork Stopper Particles

Israa A. Al.Joboury™, and Shahlaa E.Ebrahime®

! Department of Environmental Engineering, University of Baghdad, Baghdad, Iraq, asraaahmed239@yahoo.com
2 Department of Environmental Engineering, University of Baghdad, Baghdad, Iraq, shahlaa.ebrahim@fulbrightmail.org
* Israa A. Al Joboury asraaahmed239@yahoo.com

Published online: 31 August 2019

Abstract— In this study, cork stopper particles were used as a low cost biosorbent to remove the cationic
dyes (Methylene blue (MB), Malachite green (MG), and Methyl violet (MV)) from simulated wastewater.
Batch sorption experiments of components were conducted as a function of pH, sorbent dosages, contact
time, agitation speed, and particle size to optimize the best conditions for maximum removal efficiencies of
dyes. The experimental data fitted slightly best to the Langmuir isotherm model than to Freundlich and
Temkin isotherm model. The experimental data proved that the adsorption kinetic of MB, MG, and MV
could be described by a pseudo-second order model. The results indicate that cork adsorbs dyes efficiently
and could be employed as a low-cost alternative in wastewater treatment for the removal of cationic dyes.

Keywords— Batch sorption; Kinetic models; Isotherm models; cork stopper particles; Methylene blue; Malachite
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1. Introduction

Surface water contamination by pollutants is common in
highly industrialized countries due to direct discharge of
industrial effluents water bodies or by precipitation of air
borne pollutants into surface waters. Of the pollutants
released along with industrial effluents, dyes are the most
easily detected since dyes are inherently highly visible,
meaning that concentrations as low as 0.005 mg/l will
capture the attention of the public and the authorities [31].
Apart from the aesthetic problems caused by dyes, the
greatest environmental concern with dyes is their
absorption and reflection of sunlight entering the water,
which interferes with the growth of bacteria to levels
insufficient to biologically degrade impurities in the water
[6]. Colored effluents can cause problems in several ways:
dyes can have acute and chronic effects on exposed
organisms depending on the exposure time, and dye
concentration; dyes absorb and reflects sunlight entering
water and so can interfere with the growth of bacteria and
hinder photosynthesis in aquatic plants [37]. Majority of
these dyes are synthetic in nature and are usually
composed of aromatic rings in their structures, which
makes them carcinogenic and mutagenic [26], inert and
non-biodegradable when discharged in to waste streams
[18]. Major research has been undertaken to develop new
promising materials for dye removal. Malachite green
(C23H25CIN2, 364.91 g/mole, 614 nm) is a green crystal

powder with lustre, highly soluble in water. It acts as a
respiratory enzyme poisoning fish. It decreases food
intake, causes damage to liver, kidney and is infectious to
skin, eyes and bones. Methylene blue
(C16H18CIN3S.3H20, 373.90 g/mole, 668 nm) is a dark
green powder causes nausea, hypertension, haemolysis
and respiratory distress [35]. Methyl violet (C24H28CIN3,
393.95 g/mole, 590 nm) may cause irritation to the
respiratory tracks, vomiting, diarrhea, pain, headaches and
dizziness. Long term exposure may cause damage to the
mucous membranes and gastrointestinal tract [15].
Various techniques, such as adsorption [5,23], membrane
process [20], coagulation [27], flocculation [38],
photodecomposi- tion [16], electrochemical oxidation
[33], etc., have been used for the removal of dyes from
waste water. Among these techniques, adsorption has been
proven to be the most potential one due to its flexibility,
simplicity of design, high efficiency and ability to separate
wide range of chemical compounds [9]. optimization of
adsorption methods should be carried out, first of all, by
choosing or developing inexpensive adsorbents selective
to the contaminants to be removed. There are many factors
that affect the decision of choosing an adsorbent for
removal of pollutants from water such as: economical
factor (cost of the adsorbent), abundance, availability, and
effectiveness of the adsorbent [34]. Various types of
materials have been used as adsorbents, such as activated
carbon, manganese oxide, silica gel, fly ash, wollastonite,
lignite, peat, soil, alumina, rutil, geothite, hematit,
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bentonit, sphalerit, anatase, red mud, mica, illite, kaolinite,
and clays [4]. Cork is the phellem layer of bark tissue that
is harvested for commercial use, primarily from the cork
oak. Due to its peculiar morphological structure and
chemical composition, cork presents unique properties,
such as hydrophobicity, low density, low thermal
conductivity, acoustic insulation, chemical stability, and
durability [8][13][22]. It is mainly used for stoppers in
juice industry due to impermeable and compressible
properties. Cork is also used as insulation material in
building and space vehicles due to its low thermal
conductivity [30]. Cork also used in shoes insole and
adsorption of pollutants as an adsorbent [32]. The
interaction of cork with organic pollutants, which are
essentially hydrophobic, can be explained by its structure,
especially its aromatic domain of suberin and lignin. Being
hydrophobic itself, cork has an advantage of affinity over
other natural materials for the removal of organic
pollutants [11]. Cork oak represents the advantages of
being "the only tree whose bark can regenerate after
harvesting, making cork a true eco-friendly material, as it
is a renewable resource [12].in this study, use of natural,
economic, and environmental friendly biosorbent to
remove MB, MG, and MV was investigated.

2. Materials and Methods
2.1  Preparation of cork stopper particles

The cork stopper particles used in this study was obtained
from local markets. The collected biomaterial was
extensively washed with tap water to remove soil and dust.
Distilled water was used to wash the cork stoppers and
after that dried in an oven (Type BBDE; S/N 20-601148,
Korea) at 80°C for 10 hours. Dry biomass was cracked and
grinded with grinder. The product was sieved through a
1000 and 75 pm diameter mesh. The geometric mean
diameter is given by dgy = (d;d;)*? where d. is the
diameter of lower sieve on which the particles are retained
and d». is the diameter of the upper sieve through which the
particles pass [7]. Fig.1 shows the pictures of natural
biosorbent (cork stoppers) that used in this study, (a)
before and, (b) after grinded and sieved to 110 um
diameter.

(a) Before grinding

(b) Afrer grinding and sieving

Figure 1: A sample of natural and grinded cork stopper
particles.

2.2 Stock solution preparation

Stock solution of three cationic dyes (Methylene Blue,
Malachite Green, Methyl Violet) was prepared by
dissolving accurately weighed dye powder in distilled
water at a concentration of 1g/1 and left overnight to make
the dye powder fully dissolved. Dye solution then diluted
to the desired solutions concentration that used for the
batch experiments.

2.3 Equilibrium isotherm

Equilibrium isotherm studies were conducted to optimize
the design of biosorption system for dyes removal from
effluents. In addition to that, data series was constructed
from which biosorption isotherm could be fitted. The same
procedure in the above section was utilized with initial
adsorbates concentrations of 50mg/1, agitation speed (200)
rpm, contact time (180) min and particle size <Imm.
Different doses of biosorbents were used starting from 0.1-
1.4g/100ml to obtain equilibrium isotherm curve. The final
concentration of the dyes solution (Ce) at equilibrium was
measured to calculate the adsorbed amount of dyes at final
equilibrium (ge) using Eq. (1):
_ V(Co—Ce)

- m

qe (1

Where

qe = the equilibrium biosorption capacity (mg/g); Co and
Ce= the initial and equilibrium adsorbate concentrations in
water (mg/l), respectively; V= the volume of used solution
(I); and m= the mass of used adsorbent (g). The
experimental data were fitted with three isotherm models,
Langmuir, Freundlich and Temkin models. These models
are represented in Table.1.
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Table 1: Division, genus, species and weighting percentage of collected algae.

Model Nonlinear form Linear form Plot Ref
q,,bCe 1 1 1 1 Ce
Qo =7— -~ —=—+b *— —VSCe
Langmuir (1 +bCe) @ 9 U T qe [28]
gm 1s the maximum sorption capacity for monolayer coverage, (mg/g);
b is the constant related to the affinity of the binding site, (L/mg).
1
Qe = KCel/n lnqe =InK+ —lnCe Ln e VS lnCe
Freundlich n [29]
K is constant indicative of the relative adsorption capacity of the adsorbent,
(mg/g) (L/mg) '"; 1/n is constant indicative of the intensity of the adsorption.
RT gde =B; InKt + B; InC
de = - In(Kr Co) ¢ ¢ Ce VS LnC. [25]
Temkin
B1 =RT/b; (R) is the universal constant (8.314 J/mol.K), b is the Temkin constant and T is
the absolute temperature (K). (Kt) (I/mg) is the equilibrium binding constant
corresponding to the maximum binding energy and the constant B; (KJ/mole) is related to
the heat of adsorption.

2.4  Fourier Transform Infrard analysis (FT-IR)

The FT-IR spectra of cork stopper particles before and
after MB, MG and MV biosorption was examined to
identify the functional groups which are responsible for
dyes uptake and frequency changes of the functional
groups in the biosorbent. In order to have a sample of cork
stopper particles after dyes biosorption on its surface, the
following experiment was carried out:

The best weight of dry (cork stopper particles) was
contacted with 100 ml of 50 mg/l of MB concentration in a
volumetric flask. The MB solution was adjusted to best pH
value and particle size. The sample was left on a shaker for
240min at best agitation speed then, the sample was filtered
through Whatman No. 542 filter paper. The supernatant
was discarded and the biomass of cork stopper particles on
filter paper was left to dry. Dried sample was collected and
analyzed by  FT-IR  spectrophotometer  (type
IRPRESTIGE-2; Shimadzu 8000, Jaban) in the laboratory
of organic chemistry / University of Al Nahrain. The same
experiment with best conditions of biosorbent dosage , pH
, particle size, agitation speed, and contact time was applied
with MG and MV in order to obtain the required samples.

2.5  Kinetic experiments

The external mass transfer (kr) was obtained by using a
well mixed batch contactor. In this step a known weight of
adsorbent is mixed with a constant volume of solutions.
This solution was placed in 2 liters Pyrex beaker. A 2-

bladed stainless steel axial flow impellers (Wiggen Hauser,
Germany) was fixed at the centers of the beaker. The
experimental procedure was as follows: three beakers were
used one of them was filled with 1.0 liter of MB solution
of 50 mg/I concentration, the second filled with 1.0 liter of
MG and the third filled with 1.0 liter of MV solution of 50
mg/l at best pH. The agitation started before adding the
biosorbent. At zero time, an accurate mass of biosorbent
was added. The biosorbent suspensions were stirred for
(240) min and samples were collected and filtered through
a whatman filter No.542. The filtrates were analyzed using
Spectrophotometer UV.

The optimum speed was obtained by repeating the

experiments for MB, MG and MV with different agitation
speeds (200, 400, 600 and 1000 rpm).
The necessary dosages of dried biomass to reach
equilibrium concentrations of C/Cy= 0.05, (95% removal
efficiency) were calculated from isotherms and balances
equations as follows (in case of Langmiur model): [3]

— VL(Co —Ce ):Qm b Ce
W, 1+bC,

e ()
— VL(Co —Ce)(1 +b C¢)

W,
0 (@mb Ce)

3)
2.6  Pseudo-first order kinetic model

The Pseudo-first order kinetic model was the first equation
for the bisorption of liquid/solid systems based on solids
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capacity. It is widely used sorption for the sorption of
solutes from liquid solutions and can be presented through
the following equation: [17]

d
=K (deq — 4¢) )

Integrating linearize (4) with the conditions; "t=0tot=t
and g~ 0 to q= q;", gives:

In(—) = K, t (5)

deq-qy

Jeq'the amount of adsorbat adsorbed at equilibrium
(mg/g)"; q: "the amount of adsorbat adsorbed at time t
(mg/g)"; and K. "the equilibrium rate constant of pseudo-
first order sorption (min!)". Equation (5) could rearrange
to get a linear form:

M(Geq-qt) = M qeq - (K, ) (6)

In order to fit equation (8), the equilibrium capacity (qeq.)
must be recognized to experimental data. The values of
"In(geq- q¢) against t may be plotted from which ki and

Jeq represent the slope and intercept respectively".

2.7  Pseudo-second order Model

The pseudo-second-order model assumes that the
depleting of the site of adsorption is proportional to the
square number of unused sites. There are several
assumptions explained the pseudo-second order kinetic
model [19]

e A monolayer of adsorbate is represented on the
surface of adsorbent .
e The adsorption energy for each adsorbent is
equally based on surface coverage .
e The adsorption takes place on sites and no
interactions between adsorbents .
The equation may be represented as:

d
f = ks (qeq—qt)z @)
k¢"the rate constant of adsorption (g/mg .min)", qeq "the
amount of pollutant adsorbed at equilibrium (mg/g)", q; "
amount of adsorbate on the surface of the adsorbent at any
time t, (mg/g)".

Rearrangement of equation (7) gives:

a9t _
(deq-at)2 det (8)

The boundary conditions were "t= 0 to t = t and q= 0 to
g~ q:"; the integrated form of equation (8) becomes:
L=kt 9)

deq- dt deq

Which is the integrated rate law for a pseudo-second order
reaction Equation (9) can be rearranged to obtain:

Qoo t (10)

+
ksng deq

Which has a linear form of

1 1 1 1
deq

= 11
qe ksng t ( )
The values of 1/q; against 1/t plotted and the values of ki
and qeq represent the slope and intercept of the plot,
respectively.

2.8  Intra-particle diffusion model
It may be represented as [36]:
qr = kigt"? + C (12)

Where: qi(mg/g) "the adsorbed amount at time t (min)", Kiq
"the rate constant of intra-particle diffusion(mg/g min'2) ",
C "(mg/g) the value of intercept which gives an idea about
the boundary layer thickness", i.e. "the larger intercept
increased the boundary layer effects.

2.9  Elovich kinetic model

A widely used equation to describe the kinetics of
chemical adsorption is the elovich equation [10]:

2= aexp (~baqy) (13)
Where a (mg/g.min) and b (g/mg)are parameters of the
equation. The parameter ais regarded as the initial rate
because dg/dt— a as q— 0 and the parameter b is related
to the extent of surface coverage and activation energy for
chemical adsorption. Given that q= 0 at t =0, the integrated
form of equation (13) becomes:

q = (%) In(t + ty) — (%) Int, (14)
Where t,= 1/ab. If t >>t,, equation (14) is simplified as:
q: = (%) In(ab) + (%) Int (15)

The application of the Elovich equation in liquid phase
adsorption is gaining in popularity [11][19].

2.10 Fractional power kinetic model
q: =Kt~ (16)

Where q; is the amount of metal (mg/g) sorbed at time t
and x the rate constant of power function (min *!). K is
constant of power function model (mg/g).The model
described the time-dependent metal on sorbent as the value
of constant x was less than 1[10].

Equation (16) can be rearranged to obtain equation
(17), which has a linear form:

In(q;) = n(K) + xln(t) (17)
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3. Experimental Work
3.1  Effect of pH

The effect of pH on dye removal is studied by varying the
pH (2, 3,4, 5, 6,7 and 8). 100ml of the dye solution (MB,
MG and MV) with 50mg/1 initial concentration was placed
in seven-250ml volumetric flask containing lg of
biosorbent for each dye. The pH of the dye solutions were
adjusted to a desired pH using 0.IN HCI and/or 0.1N
NaOH. These solutions were shaken using thermostatic
shaker (Type SI-600R, Korea) and agitated continuously
for 180 minute and 200 rpm at room temperature. The
solutions were filtered and analysed. The pH, giving the
maximum dyes removal efficiency, was selected and
utilized for the subsequent biosorption studies.

3.2 Effect of contact time

The removal of (MB, MG, and MV) was also studied as a
function of contact time. Different times were studied
within the range (30-240) min. 100ml of dye solution with
50mg/I initial concentration was placed in eight-250ml
volumetric flasks for each dye. The times in which no extra
MB, MG and MV dyes removal can be attained were
considered as the best contact times.

3.3 Effect of agitation speed

The process of biosorption also responds to the speed of
agitation of the rotary shaker. The optimum agitation
speeds was investigated to maximize the contact time
between dyes and the biosorption site of biosorbent during
equilibrium. To investigate the effects of agitation speeds
on the ( Methylene Blue, Malachite Green and Methyl
Violet) removal efficiency, five different agitation speeds
of rotary shaker (100, 150, 200, 250 and 300 rpm) were
employed and the same procedure stated in section (2.3.1)
was repeated with constant adsorbent mass, pH, and solute
concentration. The agitation speed, giving the maximum
dyes removal efficiency, was selected as the best for the
subsequent biosorption studies.

3.4  Effect of biosorbent does

The effect of biosorbent dosage on the bisorption of dyes
(Methylene Blue, Malachite Green and Methyl Violet) is
studied by varying the mass of biosorbent from 0.1 to 1.4g.
100ml of dye solutions with 50mg/] initial concentration
and PH= 3 was placed in ten-volumetric flask containing
(0.1,0.2,0.3,0.4,0.6,0.7,0.85, 1, 1.2, and 1.4) g for each
dye. These solutions are shaken using thermostatic shaker
(Type SI-600R, Korea) at room temperature, Then the
solutions  were filtered and analysed using
spectrophotometer UV device to find the amount of dye
removed by the biosorbent cork. The mass of biosorbent
dose, giving the maximum dyes removal efficiency, was
selected and utilized for the subsequent biosorption
studies.

3.5  Effect of particle size

By using the biomass of different particle size, the process
of Dbiosoiption of different dyes was studied. The
experiment were carried out for four different particle sizes
(0.075-0.15, 0.25-0.3, 0.5-0.6, and 0.6-1) mm under best
other parameters pH, biosorbent dosage, agitation speed,
and contact time.

4. Result and discussion

4.1  Effect of pH

The biosorption behavior of MB, MG, and MV on cork
was studied using various initial pH varying from 2 to 8.
The relation between the removal efficiency of MB, MG,
and MV dyes and different Ph values of the aqueous
solutions are shown in fig.2. From this figure it can be seen
that the removal efficiency increase suddenly within pH 3
and then slowly decrease as the pH of solution increase to
8. Maximum MB, MG and MV removal was 96.4%,
95.5% and 95.8% respectively at pH 3. Lower removal at
pH values lower than 3.0 maybe due to the dissolution of
adsorbent. At higher pH, the decrease in the positive
charge of adsorbent surface sites can cause a decrease in
the adsorption [1].

100
a2
90 =y
=] V
S0 '\*‘. —4=—MB
Y ~&=MG
& 70
MV
60
0 5 10
pH

Figure 2: Percentages of MB, MG, and MV removal
efficiency onto cork stopper particles at different pH
values, (Co=50 mg/l, W= 1 g, time =180 min, particle size
<1 mm)

4.2  Effect of contact time

The percentage of MB, MG and MV adsorbed was
estimated at different contact time in single system at
constant other parameters; including pH= 3, dose of
biosorbent= (1,1.2,1.2)g, agitation speed= (200, 250)rpm
and particle size < 1mm. Fig.3 denotes the relation
between the removal efficiency and several contact time.
It was observed that the MB, MG and MV biosorption
increase as the contacts time increase and it remains stable
after achieving equilibrium. This may be due to the
availability of a large surface area of the cork stopper
particles at the early stages of the biosorption process. As
the sites of the surface biosorption became depleted, the
uptakes rate is managed by the rates at which the adsorbate
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is moved from the exterior to the interior sites of the
biosorbent particles. The highest removal efficiencies of
MB, MG, and MV were 98.32, 97.6 and 98% respectively
obtained after (240) min of shaking time. The results
agrees with the findings obtained by [2,21].

120 -
100 1 prpeii=i=--0-0
80 1 |
° 60 - | =—$=NMDB
‘; 40 - —=MG
& 20 - MV
O E T T 1
0 100 200 300
Time (min)

Figure 3: Percentage of MB, MG and MV removal
efficiency at different contact time (Co= 50 mg/l, W=
(1,1.2), pH= 3, and rpm= (200,250), particle size <1 mm).

4.3  Effect of agitation speed

Fig.4 shows the relation between the removal efficiencies
of MB, MG, and MV onto cork stopper particles at
different agitation speeds. It was noted that "the removal
efficiency of all dyes increased continuously as the
agitation speeds increased. This is due to the fact that, a
higher agitation speed reduced the film thickness and
finally reduces film resistance. The decrease in removal
efficiencies after 200 and 250 rpm is may be due to stick 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, MG and MV.
Therefore, 250, 200 and 200 rpm was taken as the
optimum agitation speed as the maximum removal
efficiencies can be obtained for MB, MG and MV
respectively in single system (98%, 97.6%, and 97.3).
These results are analogous to those reported by [29].

=t=MB

2 A =B=-MG

88 . .
0 200 400

rpm

Figure 4: Removal efficiency of MB, MG, and MV
biosorbed onto cork stopper particles at different agitation
speeds (pH= 3, Co= 50 mg/l, W= (1,1.2) g, time =180 min
and particle size <Imm ).

4.4  Effect of biosorbent dose

The effect of biosorbent doses on the removal efficiency
of MB, MG, and MV was shown in fig.5 .Which represents
the relation between the removal efficiencies of MB, MG,
and MV at different doses of cork stopper particles (0.1-
1.4) g. For both MG and MV dyes the results demonstrate
that the removal percentage is positively correlated with
the amount of cork added. A rapid removal rate increases
with the addition of cork when the dosage is less than 0.6
g and then the percentage removal increases slowly. When
the amount of biosorbent added is 1.2 g, the highest
removal of MG and MV is almost reached (97.5% and
96.8) respectively. An increase in adsorption may be
concluded due to the increase in the adsorbent surface and,
therefore, more active functional groups result in the
availability of more adsorption sites [24].

The results of MB dye shown that the removal efficiency
increase rapidly with the additional of cork up to 0.7g then
the removal efficiency decrease slowly with addition of
cork particles. Consequently, 1.2g was used as optimal
amount for further experiments for MG and MV and 0.7g
for MB.

100 -
80 -
N 60 A
]
& 40 -
20 , , .
0 0.5 1 1.5
Dose (g)

Figure 5: Removal efficiency of MB, MG, and MV
biosorbed onto cork stopper particles at different doses of
biosorbent (Co= 50 mg/l, pH= 3, time= 180 min, rpm=
200, and particle size <Imm ).

4.5  Effect of particle size

The effect of particle size on the removal efficiency of MB,
MG, and MV is shown in fig.6 .which represents the
relation .between the removal efficiencies of MB, MG, and
MV at different particle sizes (0.11, 0.274, 0.55, and
0.778)mm were selected for batch adsorption experiments.
It is found that the percentage removal of MB, MG, and
MYV increases with the reduction in the diameter of the
particles. The decrease in the dyes removal with increase
in the particle size is a result of decreased surface area of
the adsorbent [14]. The maximum percentage elimination
of MB, MG, and MV 98.48%, 98%, and 98.5%
respectively was reached using the fine particles (d=0.11
mm).
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=4=MB
=i-MG
MV

0 0.5 1
Particle size (mm)

Figure 6: Removal efficiency of MB, MG, and MV
biosorbed onto cork stopper particles in single system at
different particles size of biosorbent Co= 50 mg/l, pH =3,
time = 240 min, rpm= (200,200,250), and W= (0.7, 1.2,
1.2) g

4.6  Sorption Isotherms

Equilibrium data for the biosorption of MB, MG and MV
dyes were analyzed with Langmuir, Freundlich and
Temkin adsorption isotherm. The sorption data parameters
for dyes onto cork stopper particles for each model were
obtained by fitting the equations to the experimental data
using Microsoft Excel as shown in Figures 6 ,7, and 8 for
Langmuir, Freundlich, and Temkin models respectively.
Table (2) represents all parameters with correlation
coefficient. From this tables the Langmuir model
described sorption data slightly better than the other model
depending on the value of coefficient of determination
(R2).

3 g
2.5
.- EMG
R _ MB
© os - oMV
0 10 20 30
Ce (mg/l)

Figure 7: Langmuir isotherm model.

BMG
» MB
*MV

Figure 8: Freundlich isotherm model

20 -
15 -
& 10 - MG
g . MB
> 5 |
= oMV
O T T T 1
0 1 3 4

2
InC,

Figure 9: Temkin isotherm model

Table 2: Parameters of isotherm for MB, MG and MV
onto cork stopper particles.

Model Parameters | MB MG MV
gmax(mg/g) | 20.4 [11.3636] 11.628
Langmuir
b(I/mg) 0.177 (0.3308| 0.328
R? 0.989 | 0.978 | 0.987
Kr (I/g) 4.459 [3.5787] 3.7099
Freundlichi
= K;Cm n 2.132 [2.8169( 3.0211
R? 0917 | 0.972 | 0.875
Kt (I/mg) 1.974 14.1403| 4.493
Temkin
B1=(RT/b)
qe=(RT/b) (KJ/mole) 4.524 | 2.234 | 2.201
In(Kr Ce)
R? 0.977 | 0.964 | 0.930

4.7  FT-IR analyses

The FT-IR spectra before and after biosorption of MB, MG
and MV (Co=50mg/l, pH= 3, rpm= (250,200, 200)
respectively, contact time 240 min at (0.7,1.2,1.2)g of cork
stopper particles in a 100 ml of MB, MG and MV solutions
were drawn to define the vibration frequency changes of
the functional groups in the. biosorbents. The functional
groups which were identified from the FT-IR spectra of the
cork stopper particles are presented in Fig.10 before loaded
(pink), after loaded with MB (blue), after loaded with MG
(red), and after loaded with MV (dark blue) and tabulated
in Table 3.
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4.8  Kinetic Experiment and Models

4.8.1 The optimum mass of cork stopper particles
The mass of cork stopper particles used for biosorption of
MB, MG and MV was determined from the equilibrium
related concentration of (Ce /C0=0.05)" using Langmuir
equation with mass balance in one liter of solution as
follows:

VL(CO _Ce) — qmbce
W 1+bC,

o

e

Thus;

_Vi(C,-C.X1+4bC,)
(9,bC)

(18)

o

The best mass of cork stopper particles was found to be
(7.6,9.2 and 9.1) g for "MB, MG and MV respectively.
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4.8.2  Optimum agitation speed

Figures 11, 12, and 13 show the concentration decay
curves of solutes at various agitation speeds of (2001, 400,
600 and 1000) rpm for MB, MG, and MV respectively. It
was found that the optimum agitation speed to achieve
C/Co= 0.051 was 400i rpm for MB, MG, and MV. It was
clear that, if the speed was higher than 400 for MB, MG,
and MV, the equilibrium relative concentration was less
than 0.05.

The results indicated that Hydroxyl (OH) and aromatic
functional group plays an important role in the biosorption
process.

4.8.3  Determination of kinetic model coefficient

The kinetic constants of each model were obtained using
Microsoft Excel Software. Comparisons of the kinetic
models; pseudo-first order, pseudo-second order, intra-
particle diffusion, Fractional power, and Elovich results
are depicted in figures 14, 15, 16, 17, and 18 and in Table
4.The results shows that pseudo second order model gives
the best description for the experimental data (it have the
highest value of R2).
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Figure 10: FT-IR spectra for cork stopper particles before and after loaded with 50 mg/l of MB, MG, and MV.
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Table 3: Functional groups responsible for MB, MG, and MV dyes biosorption onto cork stopper particles.

Loaded Difference in waves (cm™)
FT-IR |\ csignment groups | Unloaded
Peak g group
MB MG MV MB MG MV
1 Hydroxyl (OH) 33409.01 | 3347.76 | 3395.38 | 3383.23 | 61.25 13.63 25.78
2 Alkane (C-H) 2920.12 | 2920.71 | 2920.19 | 2920.55 | -0.59 -0.07 -0.43
3 Carbonyl (C=0) 1734.63 1736.87 | 1736.71 1736.85 | -12.24 | -2.08 -2.22
4 Carbonyl (C=0) 1614.18 1599.64 | 1639.83 1639.85 14.54 -25.65 | -25.67
5 Carbonyl (C=0) 1507.79 1508.91 1509.30 1509.71 -1.12 -1.56 -1.92
6 Carbonyl (C=0) 1459.54 1458.64 | 1460.29 1460.95 | 0.9 -30.75 | -1.41

7 Carboxylate (-COO") 1374.92 1328.62 | 1369.46 | 1369.33 | 46.3 5.46 5.59

8 Carboxylate (-COO") 1260.90 1234.82 | 1261.57 | 1262.98 | 26.08 -0.67 -2.08

9 Carpoxylic acids and 1151.73 115499 | 1151.79 1152.58 | 5.74 -0.06 -0.85
alcohol (C-O)

10 Aromatic Compound 860.67 883.41 855.63 855.78 -22.74 | 5.04 4.89

11 Aromatic Compound 819.03 852.24 818.29 818.44 -33.21 | 0.74 0.59

12 Aromatic Compound 719.60 598.76 719.11 715.68 120.84 | 0.49 3.92

13 Aromatic Compound 640.47 565.72 643.33 643.64 74.75 -2.86 -3.17

14 Aromatic Compound 469.34 458.83 496.7 460.36 10.51 -27.36 | 8.98
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Figure 11: Concentration-time decay curves for
biosorption of MB dye onto cork stopper particles in batch
process at different agitation speeds (Co=50mg/l, time=
180 min, Wo= 7.6 g , pH= 3, and particle size(d)= 0.11
mm).
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Figure 12: Concentration-time decay curves for

biosorption of MG dye onto cork stopper particles in batch
process at different agitation speeds (Co=50mg/l, time=
180 min, Wo= 9.2 g , pH= 3, and particle size(d)= 0.11
mm).
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Figure 13: Concentration-time decay curves for

biosorption of MV dye onto cork stopper particles in batch
process at different agitation speeds (Co=50mg/l, time=
180 min, Wo= 9.1 g, pH= 3, and particle size(d)= 0.11
mm).
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Figure 14: pseudo first order for biosorbtion of MB, MG

and MV onto cork stopper particles.
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Figure 15: Intra-particle diffusion model for biosorption

of MB, MG and MV onto cork stopper particles.
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Figure 16: Pseudo second order for biosorption of MB,
MG, and MV onto cork stopper

particles.
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Figure 17: Elovich model for biosorption of MB, MG, and
MYV onto cork stopper particles.
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Figure 18: Fractional power model for biosorption of MB,
MG, and MV onto cork stopper particles.

Table 4: Functional groups responsible for MB, MG, and
MYV dyes biosorption onto cork stopper particles.

Model Parameters MB MG MV

qe(mg/g) 3.238 1.912 | 2.413

Pseudo- I

first-order Kp (min™) 0.026 0.032 | 0.031
R? 0.942 0.941 | 0.812
qe (mg/g) 6.452 5.263 | 5.405

Pseudo- .

second- Ky(g/mg.mi 0.0211 0.043 ] 0.033
n) 4 8

order
R? 0.991 0.986 | 0.940

Intrapartic C (mg/g) 2.815 3.021 | 2.932

le

diffusion ) .
Kigmg/g.mi | 5305 | ¢.196 | 0292
n"?)
R? 0.817 0.717 | 0.718
a . 3947 | 2.608 | 262
(mg/g.min)

Elovich 14 (/mg) 0994 | 1.477 | 1.447
R? 0.955 0.901 | 0.883
K (mg/g) 2.042 2.328 i'203

Fractional

power X (min™) 0236 |0.172 | 0.184
R? 0.878 0.863 | 0.794

5. Conclusions

In this study, cork stopper particles were used as a natural,
economic, and abundant biosorbent to remove MB, MG,
and MV from simulated wastewater by biosorption
process. The experimental results showed that the
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maximum removal efficiencies for MB, MG, and MV
were (98.48, 98, 98.5) % respectively with an initial
concentration of 50 mg/l, pH value 3, agitation speed (250,
200,200) rpm, (0.7,1.2,1.2) g of biosorbent and particle
size 0.11 mm after 240 min contact time for MB, MG, and
MYV respectively. The equilibrium isotherm experiments
were conducted and fitted with three models; Langmuir,
Freundlich, and temkin. The biosorption were found to be
of favorable type and Langmiur model gives the best fit to
the experimental data with correlation coefficient equals to
(0.989, 0.978, 0.987) for MB, MG, and MV respectively.
The kinetic experimental data were used to analyze the
effect of external film boundary layer. Five kinetics
models were investigated and fitted with "the experimental
data. It was found that the kinetics of MB, MG, and MV
biosorption onto cork stopper particles followed Pseudo-
second order model for all three dyes.
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