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ABSTRACT

In this study, removal of two cationic dyes, basic blue 9 (BB9) and basic violet 3 (BV3) with
Rosa canina galls (RCG), was investigated. The parameters that affect the biosorption process
such as pH of the solution, amount of biosorbent and initial dye concentration were studied.
The kinetic and thermodynamic parameters of biosorption were calculated with batch sys-
tems. The optimum pH for the adsorption system was 5.0 and 7.0 for BB9 and BV3, respec-
tively. The adsorption process followed the Freundlich model and pseudo-second-order
kinetics. The maximum adsorption capacities were 107.53mgg ' and 312.50mgg "' for BB9
and BV3, respectively. The thermodynamic study indicated that the adsorptions of these cat-
ionic dyes were spontaneous and endothermic. The results show that RCG has a potential as

an effective low-cost biosorbent for removal of cationic dyes.
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1. Introduction

Water pollution arising from dyeing industry efflu-
ents is an important ecological problem because these
effluents contain significant amount of coloured
organic substances. Untreated disposal of this col-
oured water into aquatic mediums like rivers causes
damage to aquatic life or to human beings by their
mutagenic and carcinogenic effect [1]. Even small
quantities of dyes can colour large water bodies,
resulting in reduction of penetration of light and pho-
tosynthetic activity. So, the coloured organic sub-
stances have to be removed properly before they are
discharged into the water resources [2].

For removal or degradation of contaminants, sev-
eral methods including biological and physico-chemi-
cal technologies have been developed such as
anaerobic treatment, coagulation, electrocoagulation,
flotation, filtration, ion exchange, membrane separa-

tion, oxidation and advanced oxidation [3-11]. How-
ever, most of those methods have suffered from some
of the disadvantages such as inefficient removal of
dye, relatively high operating cost and high-energy
requirement [12,13]. Adsorption technique is quite
simple, and there is a wide range of adsorbents avail-
able [14-17]. Therefore, in the past few years, scien-
tists focused on the idea of developing cheaper and
“useless” materials as adsorbent [18-28]. These useless
materials called biosorbents have been proposed as
promising alternatives to activated carbon. Biosorbents
are materials of biological origin which are used for
removal of organic or inorganic species [29]. Some
biomaterials including fungi, algae, agricultural by-
products or residues have been explored as new low-
cost sorbents [12].

Plant galls are abnormal growths of plant cells
formed as a response to the insect’s stimulus caused
by egg laying, or larvae or nymphs feeding. The
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ability to form galls represents an important and
widespread life style among insects. They can be
found on roots, stems, leaves, flowers and seeds. The
galls are formed around the developing larva some
time after the adult female has laid the egg on a care-
fully selected part of a particular plant and develop-
ment to an adult insect is completed within the gall.
Most of the galls are harmless and just look interest-
ing. On the other hand, certain species can physically
and aesthetically damage high value plants by reduc-
ing photosynthesis and seed production, discolouring
foliage, causing defoliation, branch dieback and rarely,
plant death [30,31].

According to Coruh and Ercisli [32], RCG which is
caused by an insect, Diplolepis sp., is an important
problem and so common in all rose-growing areas in
Turkey. The insect lays its eggs on flower buds of rose
canina and induces RCG on the seeds and developed
RCG causes with or without split open rose fruits.
Severe gall formation causes fruit deformations. The
insect reduces fruit yields and fruit quality and
affected fruit are not marketable, owing to the pres-
ence of the galls [32].

In this study, RCG were used as low-cost biosor-
bents for removing two cationic dyes (basic blue 9
[BBI] and basic violet 3 [BV3]) from the aqueous solu-
tion. These dyes have been chosen as model molecules
for industrial dyes. The effect of initial pH, contact
time, initial dye concentration, amount of RCG and
temperature was studied to explain batch adsorption
process of the dyes on RCG. Thermodynamic and
kinetic parameters were also studied to elucidate the
adsorption of the dyes on to RCG samples.

2. Materials and methods
2.1. Preparation of biosorbent (RCG) and chemicals

RCG were collected from the Karacalar region of
UlaS, Sivas. The raw material was first washed with
distilled water to separate crude dust and dried for
about two days at room temperature. The samples
were crushed, washed with distilled water and dried
at 353 K; the excess moisture was removed at 373K in
about 1h. The dry material was sieved to obtain
particle sizes: <53 pm, 53-150pm, 150-300pum and
300-600 um with an Octagon 200 model equipment.
The size>600 pm was not studied. The samples were
stored in a closed bottle.

BB9 is a thiazin (methylene blue, CI: 52015, FW:
37391gmol '), BV3 is a triphenylmethane (crystal
violet, CI: 42555, FW: 407.98 gmol '), they were pur-
chased from Sigma-Aldrich Ltd., Germany and used
without further purification. Solutions used for pH
adjustment were prepared from HCl and NaOH

purchased from Merck, Darmstadt, Germany. All the
solutions were prepared in distilled water.

2.2. Characterization of the biosorbent
2.2.1. Point of zero charge

Point of zero charge of RCG was determined by
the solid addition method [33]. RCG (0.1 g) was added
to 12 vials containing solutions of different initial pHj
(1-12), which were also adjusted with 0.1M sodium
hydroxide or hydrochloric acid. The whole system
was shaken for 24h at room temperature. The final
pH (pHp of solutions was measured with a Sartorius
basic model pH meter, with a glass electrode. The
ApH value was calculated from the difference
between initial and final pH and plotted against the
initial pH. The value of pH corresponds to ApH=0
which was taken as point of zero charge.

2.2.2. Surface acidity and basicity of RCG

Surface acidic and basic properties of RCG were
determined using the method given by Brito et al.
[33]. For surface acidity, 0.01 g RCG samples were sha-
ken in 50mL of 0.01M of NaOH for 24h and then fil-
tered off. The remaining NaOH was back-titrated
potentiometrically with 0.01 M of HCI.

For surface basicity, 0.01 g RCG samples were sha-
ken in 50mL of 0.01M of HCl for 24h, and then fil-
tered and the remaining HCI was back-titrated
potentiometrically with 0.01M of NaOH.

2.2.3. Surface morphology characterization, BET surface
area and pore volume of RCG

The surface morphology of RCG was examined
using JEOL/JSM-6335F model scanning electron
microscopy (SEM). Multipoint BET surface area and
pore volume analysis was done with Quantachrome
NOVA 4000 E model analyser. Before BET surface
area analysis, RCG sample was dried at 373K for
about 6h and degassed under nitrogen atmosphere at
383K for about 5h.

2.3. Adsorption studies and parameters that affect the
adsorption of dyes

For adsorption studies predetermined volume of
dye solution at desired pH, and RCG were shaken
with a Niive S 350 model multi-shaker for predeter-
mined contact time. Effect of temperature studies was
carried out with Niive ST 402 multi-shaker-water bath
system. The spectrophotometric measurements were
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recorded with a Shimadzu UV 1800 model spectro-
photometer, with a quartz cell. Absorbance values
were measured at 665nm for BB9 and 591 nm for BV3.
All absorbance values were recorded after separation
of RCG particles via filter paper, so calibration solu-
tions were also filtered to eliminate the effect of loss
of dye during filtration. To eliminate the effect of any
contribution to absorbance because of soluble materi-
als released from RCG sample, absorbance values
were taken against blank solution (without dye) pre-
pared with same amount of RCG.

The amount of dye biosorbed per gram of RCG at
any time, Q;, was calculated as follows:

Qt — V(CO - Cf) (1)

m
where V is the volume of solution (L), Cy and C; are
the initial and instant (respectively) concentration of
dye (mg/L) and m is the mass of biosorbent (g).

Efficiency (or degree) of dyes removal (%), at any
time, was calculated as follows:

Removal % = 100% (2)
0

2.3.1. Effect of solution pH on adsorption

The effects of pH on adsorption of BB9 and BV3
were studied in the range of pH 2.1-9.1 and 2.1-9.0,
respectively, using 50mL of 24 mg/L of dye solution.
The pH of the dye solution was adjusted with 0.1M
NaOH and HCI. The same procedure was applied for
the investigation of effect of pH for BV3.

2.3.2. Effect of particle size on adsorption

The effects of particle size on the adsorption of
dyes were studied for four fractions: <53 pm, 53-
150 pm, 150-300 pm, 300-600 pm. The pH of dye solu-
tions were adjusted to 5.0 and 7.0 for BB9 and BV3,
respectively. Fifty millilitres of 24 mg/L dye solutions
was contacted with 0.05g of RCG with different
particle sizes for 3 h.

2.3.3. The effect of temperature on adsorption

The effects of temperature on adsorption of dyes on
RCG were studied in a similar way with the effect of
pH, with the same volume of solutions, initial dye
concentrations and amount of RCG. The pH of dye
solutions were adjusted to 5.0 and 7.0 for BB9 and BV3,
respectively. Only the temperature of suspension was
changed and was studied in the range of 298-328 K.

2.3.4. The effect of RCG dose

The effect of RCG dose was investigated by contact-
ing different amount of biosorbent (0.01-0.07g) with
100 mL of 24 mg/L of each dye solution individually.

2.4. Desorption studies

Desorptions of BB9 and BV3 were performed
according to Fernandez et al. [34]. RCG samples
(1.0g) were loaded with 24 mg/L of each dye solution
individually for 3h. The RCG samples were separated
and washed with distilled water to remove excess
dye. The samples were dried at 333K for 24h. Dry
materials (0.05g) were contacted with 50mL of three
different eluting solvents: distilled water, 0.1 M of HCI
and 0.01M of CH3;COOH. Desorption percentages
were calculated from the Eq. (3):

Desorption of dye% = 100

" mass release (mg)
mass initially biosorbed (mg)

()

3. Results and discussion
3.1. Characterization of the biosorbent

Point of zero charge for a given surface is the pH
at which surface has a neutral charge [35,36]. Point of
zero charge, pHy,., was determined as 4.7 (figure is
not shown), at lower pH (pH <4.7) surface of RCG is
positively charged, at higher pH (pH >4.7) surface of
RCG is negatively charged, so the adsorption of cat-
ionic dye becomes favourable when pH>4.7. The bio-
sorption of BB9 and BV3 was carried out at pH>4.7
(5.0 for BB9 and 7.0 for BV3).

Surface acidic and basic properties of RCG were
determined with a back-titration method described in
Section 2.2.2. and the result was 0.70mmol/g OH™
and 0.98 mmol/g H".

The textual structure of RCG can be observed from
the SEM photograph (Fig. 1). The SEM images show
porous and irregular surface morphology.

According to multipoint BET analysis, the surface
area of RCG is 0.376 m*/g+5% and pore volume is
0.002cm®/g (Fig. 2, Table 1). The high values of
adsorption capacities of RCG in spite of surface area
are due to the high content of tannins [32]. The poly-
hydroxy polyphenol groups of tannin are though the
active sides in the adsorption process.

3.2. Effect of solution pH on adsorption

The pH may be the one of the most important
parameters that affects the adsorption of the dyes on
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Fig. 2. (a) Multi-point BET plot and (b) DFT fitting comparison of RCG.

an active surface. Generally, the interaction between
dye molecules and RCG is basically a combined result
of charges on dye molecules and the surface of sor-
bent. The effect of solution pH was studied keeping
the dye concentration and amount of RCG fixed and
varying the pH: 2.1-9.1. Changing the pH of the solu-
tion from acidic region to basic region, the surface of
biosorbent becomes more negatively charged, result-

ing in enhancing the adsorption of cationic dyes. The
effect of pH on the adsorption of BB9 and BV3 on
RCG is shown in Fig. 3. Greater uptake for the dyes at
higher pH is due to the electrostatic attraction
between the negatively charged sites of RCG and the
positively charged cationic dye molecules. In addition,
increasing solution pH will increase the number of
hydroxyl groups, which will thereby increase the
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Table 1

BET summary, DFT method summary, surface area data, pore volume data, pore size data of RCG

BET' summary

Slope 9202.998
Intercept 6.257e+01
Correlation coefficient 0.999964
C constant 148.083
Surface area 0.376m/g

Surface area data

Multipoint BET

Langmuir surface area

BJH® method cumulative adsorption surface area
BJH method cumulative desorption surface area

DH* method cumulative adsorption surface area
DH method cumulative desorption surface area

DR’ method micropore area

NLDFT® cumulative surface area

Pore volume data

Total pore volume for pores with Diameter less
than 0.24 p at P/Po=0.991878

BJH method cumulative adsorption pore volume

BJH method cumulative desorption pore volume

DH method cumulative adsorption pore volume

DH method cumulative desorption pore volume

DR method micropore volume

HK” method cumulative pore volume

NLDFT method cumulative pore volume

Pore size data

Average pore diameter

BJH method adsorption pore diameter
BJH method desorption pore diameter
DH method adsorption pore diameter
DH method desorption pore diameter
DR method micropore pore width
DA® method pore diameter

HK method pore diameter

SF’ method pore diameter

NLDFT pore diameter

DFT? method summary

Pore volume 0.002cc/g
Lower confidence limit 0.003 p
Fitting error 5.318%
Pore width (mode) = 0.004 p
Moving point average Off

3.759e—01m?/g
6.570e+00 m?/g
3.059e+00 m*/g
1.092e+00m>/g
3.345e+00m*/g
1.143e+00m*/g
2.686e+00m?/g
8.293e—01m?/g

3.054e—03cc/g

3.765e—03cc/g
3.381e—03cc/g
3.756e—03cc/g
3.331e—03cc/g
9.547e—04cc/g
9.596e—04cc/g
1.867e—03cc/g

3.250e—-02 p
1.585e—03 n
6.469e—03 n
1.585e—03 p
6.469e—03 1
5.566e—03 p
2.700e—03 p
5.315e—04 n
1.200e—03 p
3.537e—03 n

Notes: 'BET: Branauer-Emmet-Teller method, 2DFT: Density Functional Theory Method, 3B]H Barrett-Joyner-Halenda method, “DH:
Dollimore Heal method, °DR: Dubinn-Radushkevic method (DR), °NLDFT: nonlocal density functional theory, "HK: Horvath-Kawazoe
Method, ®DA: Dubinin-Astakhov method, °SF: Saito-Foley method (DA), cc/g: cm?/g.

number of negatively charged sites and will
strengthen the attraction between dye molecules and
the RCG surface. It has been found that the adsorp-
tion of dyes increases with increase in pH and maxi-
mum adsorption is found 5.0 for BB9 and 7.0 for BV3.
At higher pH, the repulsion between the biosorbent
surface and the partial negative charge due to chloride

ion on both dyes causes A slight decrease in biosorp-
tion of the dyes [14].

As the biomass will have a net positive charge
at pH values below the point of zero charge
(pH<4.7), biosorption of cationic dyes will be
reduced due to the change in the overall surface
charge on the RCG. Moreover at lower pH values,
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Fig. 3. Effect of pH on uptake of (a) BB9 and (b) BV3, C;=24.0mg/L, at 298 K.

the availability of negatively charged RCG surface
sites will be reduced due to the presence of excess
H" ions competing with cationic dye molecules for
adsorption sites.

3.3. Effect of particle size

Fig. 4 shows the influence of particle size on bio-
sorption. With decrease in particle size of the RCG,
the adsorbed amount of dyes increases due to increase
in their surface area and the availability of more
adsorption sites. No significant change was observed
for particle size<300pm. Also, adsorption rate
increases as the particle size decreases for both dyes
because diffusion of dye molecules to the adsorption
site is easy for smaller particles, so time elapsed to
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reach equilibrium for adsorption process is less than
30min for particles <150 pm.

3.4. Effect of temperature and adsorption thermodynamics

The effects of temperature on adsorption of dyes
were studied in the range of 298.15-328.15K. Fig. 5
shows the effect of temperature for BB9 and BV3,
respectively. The amount of adsorbed dyes increased
with increase of temperature, as expected for an endo-
thermic adsorption process.

The thermodynamic studies were carried out at
298.15, 308.15, 318.15 and 328.15K using 50mL of
24mg/L dye solution and 0.05g of RCG biosorbent.
The thermodynamic parameters, Gibbs free energy

(AG"), enthalpy (AH®), entropy (AS®) and the
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Fig. 4. Influence of particle size on uptake of (a) BB9, pH=>5.0 and (b) BV3 pH=7.0, C;=24.0mg/L, at 298 K.



E. Bagda | Desalination and Water Treatment 43 (2012) 63-75 69

21 A

20 A

Qt (mg/g)

— e 29815K
........ 0....... 30815 K
18 1 ——v——— 318.15K
—A—- 32845K

17 T T T T T T T T 1
20 40 60 80 100 120 140 160 180 200

Time (min.)

(b) 21,5
=%
21,0 1 [ NE—— —
—_— o
B - fo SRS
./}7 Lo
2051 &= U
v
S 20,0 -
(o))
£
& 195 -
19,0 1
—e— 298.15K
........ O-es 308.15K
18.5 1 ——-v-—— 318.15K
——— 328.15K
18,0 T T T T T T T T )
20 40 60 80 100 120 140 160 180 200

Time (min.)

Fig. 5. Influence of temperature on uptake of (a) BB9, pH=5.0 and (b) BV3 pH="7.0, Cy=24.0mg/L.

equilibrium constant (K.), were calculated from Eqs. (4)
and (5) [33]:

AH? AS°

T 2303RT | 2.303R (%)

logK. =

Kc = (5)

where C. and C.qs (mg/L) are the equilibrium and
adsorbed concentrations and R is the universal gas
constant (8.314]/mol K).

The biosorption enthalpy and entropy values were
calculated from the slope and intercept of the linear
plot of log K. vs. 1/T plot. Using Eq. (6):

AG = —2.303RTlog(K.) (6)

The thermodynamic parameters, Gibbs free energy
(AG®), enthalpy (AH"), entropy (AS®) and the equilib-
rium constant (K.), are presented in Tables 2 and 3 for
BB9 and BV3. The negative values of AG’ and the
positive values of AH” indicate that the biosorption of
dyes on RCG was spontaneous and endothermic [37].
The endothermic adsorption has also been reported
for the adsorption of Direct red 28 onto activated

carbon prepared from coir pith, an agricultural solid
waste [38]. Normally, adsorption is an exothermic
process for especially gases. For the adsorption from
solutions solubility factor superimposed the normal
temperature effect. If the solubility of adsorbate
increases with increase in temperature, the adsorption
decreases. On the other hand, if the solubility of
adsorbate decreases with increase in temperature, then
the normal temperature effect and the solubility effect
will work against each other and the adsorption may
show an increase or a decrease depending on which
parameter is predominant [39].

3.5. The effect of biosorbent dose

Fig. 6 shows the influence of biosorbent dose on
the adsorption of BB9 and BV3 on to RCG. The per-
centage of adsorbed dye increased up to 0.04g of
RCG, due to availability of more adsorption sites. On
account of the fact that almost all dye molecules
adsorbed to active sites before 0.04g of RCG, no
significant change was observed above 0.04 g of RCG.

3.6. Desorption studies

To explain the mechanisms of biosorption and the
possibility of recovery of both dyes and the biosor-

Table 2

Thermodynamic parameters of BB9

T (K) K. AH® (k] mol™1) AS® Jmol 'K R? AG® (K mol ™) Dye removal (%)
298.15 7.589 8.43 44.75 0.92 —5.02 88.35

308.15 742 —5.14 88.12

318.15 9.21 -5.87 90.21

328.15 10.00 —6.28 90.91




70 E. Bagda | Desalination and Water Treatment 43 (2012) 63-75

Table 3
Thermodynamic parameters of BV3
T (K) K. AH® (K mol ™) AS® Jmol 'K rR? AG® (kJmol ™) Dye removal (%)
298.15 523 11.26 51.84 0.93 —4.10 83.94
308.15 6.50 —4.80 86.67
318.15 7.60 -5.37 88.37
328.15 7.84 —5.62 88.69
110 percentages were 7.17 for BB9 and 11.83 for BV3 and
these percentages were achieved with 0.IM of
100 CH3COOH. The low desorption of the dyes indicates
the formation of some chemical bonds between biosor-
~ 90 bent and dyes [34,40] and dyes might have been
< chemisorbed onto the surface of the biosorbent [38].
‘?g 80 A
E; 3.7. Kinetics of biosorption process
70 A
The adsorptions of BB9 and BV3 were investigated
60 as a function of time to elucidate the time to reach
e g?:é'ﬁ".i@i“e equilibrium. Plots of Q; vs. t are shown in Fig. 7 for dif-
50 . . . . . : : . ferent initial concentrations. The figure indicates that
000 001 002 003 004 005 006 007 o008 the amount of adsorbed dye (Q;) increases with the

Amounth of RCG (g)

Fig. 6. Effect of biosorbent dose on uptake of BB9, pH=5.0
and BV3 pH=7.0, Cy=24.0mg/L, at 298 K.

bent, desorption experiments were performed by a
batch process at room temperature. The percentage
recovery results are summarised in Table 4.

The reversibility of adsorption strongly depends
on the characteristic of binding. Strong binding forces
such as covalent bonding result in chemical adsorp-
tion and weak binding forces such as Van der waals
forces result in physical adsorption. Chemical adsorp-
tion is difficult to reverse. The desorption studies
show that adsorbed dyes could not be desorbed sig-
nificantly by using water, dilute solutions of acetic
acid and hydrochloric acid. The maximum desorption

Table 4
Desorption percentage of BB9 and BV3 with different
eluents

Dye Eluent Desorption of dyes (%)
BB9 Water 1.02

CH3;COOH 7.17

HCl 5.87
BV3 Water 5.90

CH3;COOH 11.83

HCl 4.60

increase of initial concentration of both dyes. The pro-
cess is almost complete at 40 mins for initial concentra-
tion of <28 mg/L for both dyes. The adsorption rates of
dyes were rapid at initial stages of the process, then
these values reached equilibrium in less than 100 min
for BB9 and 80 min for BV3, for especially an initial dye
concentration higher than 28 mg/L. Rapid removal of
dyes caused by the diffusion and adsorption of dyes to
macro pores of RCG surface, the slow removal was
caused by diffusion of micro pores [37]. The other rea-
son is that, when the exterior surface of RCG reached
saturation, the dye molecules entered into interior
pores. This accounts for the fact that the second process
takes a relatively long time [2].

The intraparticle diffusion rate was studied using
the Eq. (7) [33,41]

Qi =Kyvt+C (7)

where Q; is the amount of dye adsorbed at time £, Kiq
is the intraparticle rate constant and C is the intercept.
A plot of Q; vs. t'/? has a slope equal to K4, and
intercept equal to C. If C#0, the intraparticle diffusion
is not the only rate control step but also other pro-
cesses may control the rate of adsorption. Fig. 8 shows
that Q; vs. t'/? plot does not cross the origin and has
two linear sections with different slopes (Table 5), so
intraparticle diffusion shows a multistep manner in
nature: the diffusion to macropores and diffusion into
micropores [41].
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Fig. 7. Effect of contact time on uptake of (a) BB9, pH=5.0 and (b) BV3 pH=7.0, at 298 K.
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Fig. 8. Intraparticle diffusion plots for (a) BB9, pH=>5.0 and (b) BV3 pH=7.0. at initial concentration of 36 mg/L, and at
298 K.
Table 5
Intraparticle diffusion rate constants
BB9 BV3
ki1 R? kio R? ki1 R? kio R?
3.49 0.99 0.65 0.93 0.91 0.93 0.22 0.82
3.7.1. The first-order kinetic model adsorption rate equation for the adsorption of solute

Kinetic data of dyes were treated with Lagergren
first-order rate equation. This model is a widely used

from a liquid solution. Lagergren first-order equation
is given by [33,41]:
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Integrating Eq. (8) for the boundary conditions ¢=0 to
t=t, Q=0 to Q=Q;, the equation becomes:
In(Qe - Qz‘) =InQ. — kit (9)
where Q; and Q. (mg/g) are the amounts of dye
adsorbed at equilibrium and time ¢, k; is the rate con-
stant of pseudo-first-order adsorption. k; and InQ.
values were calculated from the slope and intercept of
the linear plot of In(Q. — Q) vs. t.

The rate constant of pseudo-first-order adsorption
and Q. are presented in Table 6.

3.7.2. The Second-order kinetic model

The kinetic data of dyes were also treated with
second-order rate equation proposed by Ho et al.
[37 41]:

aQt
T k.- @ (10)
Rearranging Eq. (10) and wusing the boundary

conditions t=0 to t=t, Q=0 to Q=Q;, the equation
becomes:

t 1 t
o k@'a -
where Q; and Q. (mg/g) are the amounts of dye
adsorbed at equilibrium and time ¢, k, is the pseudo-
second-order rate constant. k, and Q. values were
calculated from the slope and intercept of the linear
plot of t/Q; vs. t. The rate constant of pseudo-second-
order adsorption and Q. are presented in Table 6.
High correlation coefficients showed that data of
adsorption process in this study strictly fit the
pseudo-second-order rate kinetic model rather than
pseudo-first order kinetic model. & is the initial
adsorption rate; the expression is given by [41]

Table 6
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h=kQ? (12)

3.8. Adsorption isotherms

Adsorption isotherm equations explain the rela-
tions between the equilibrium concentrations and
uptake up to equilibrium. Adsorption isotherms are
generally used to explain the performance of the sys-
tems. Two types of isotherms within the literature, the
Langmuir and the Freundlich, are widely used for
elucidating the adsorption behaviour of dyes from
aqueous solutions. Constants of isotherms depend on
some characteristics of the sorbent, like surface prop-
erties. Adsorption isotherms are generally used to
compare the capacities of different sorbents [14].

The Langmuir equation is given as

QeKCe
1+ KC,

Qe (13)

where Q. is the amount of dye per mass of biosor-
bent (mgg '), Qmax is the monolayer capacity
(mgg "), C. is the equilibrium concentration (mgL™")
and K is a constant that is related to the energy of
adsorption. Although Langmuir isotherm has been
developed for gas phase adsorption, this equation
can also be useful for liquid phase adsorption [42].
The Langmuir equation is valid for monolayer sorp-
tion onto a completely homogeneous surface (identi-
cal sites with the same adsorption energy), it
assumes that the interaction between adsorbed mole-
cules is negligible [43-45]. Once a reactive molecule
occupies a site, no further adsorption can take place
at the same site [46]. A linear expression of the
Langmuir equation is given by

C. G 1
Qe Qmax KQmax

(14)

A plot of Ce/Qe. vs. C, is a line with a slope equal to
1/Qmax and intercept equal to 1/(KQmax)-

Pseudo-first- and second-order rate parameters for BB9, pH=>5.0 and BV3, pH=7.0, at 298K

Dye Pseudo-first-order rate parameters Pseudo-second-order rate parameters
Co (mg/L) Qe ky R? Co (mg/L) Qe ka h R?
BB9 36.0 21.98 0.021 0.98 36.0 68.03 1.76 x 1073 8.12 0.99
24.0 5.87 0.019 0.88 24.0 45.46 6.45x 1072 13.33 0.99
BV3 36.0 495 0.011 0.92 36.0 68.97 3.88x 1072 38.02 0.99
24.0 2.72 0.010 0.87 24.0 46.08 1.47 x 1072 31.15 0.99
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The Freundlich isotherm equation is given as
below
Qe = Kfcl/n (15)
where Q. is the amount adsorbed per mass of adsor-
bent, K is the Freundlich constant, C. is the equilib-
rium concentration and n is the heterogeneity factor
[33,47]. Freundlich model is generally better suited for
the multilayer adsorption process compared to the
Langmuir model [44].

A linear form of the Freundlich isotherm can be
written as

InQ. = InK; +% InC, (16)

A plot of In Q. vs. In C, is a line with a slope
equal to 1/n and intercept equal to In Ky [48].

The results of experimental data over the investi-
gated concentration range are summarized in Table 7.
The applicability of Langmuir and Freundlich models
was established from the regression correlation and
fitted curves. It is obvious from r* values on the table
that, adsorption data of BB9 and BV3 best fit the
Freundlich isotherm model. Q... values are also

Table 7
Langmuir and Freundlich parameters for BB9 and BV3

shown in Table 7; these results suggest that 1g of
RCG adsorbs more BV3 than BB9. The Freundlich con-
stant n is an empirical parameter that varies with the
level of heterogeneity indicating the degree of
nonlinearity between dye uptake capacity and unad-
sorbed dye concentration and is related to the distri-
bution of bonded ions on the sorbent surface. The n,
Freundlich constant, should have values lying in the
range of 1-10 for classification as favourable adsorp-
tion [47,49,50]. In general, n>1 illustrates that adsor-
bate is favourably adsorbed on an adsorbent and the
higher the n value, the stronger the adsorption inten-
sity. For this study, n is significantly higher than
unity, 2.12 for BB9, 1.50 for BV3, both dye ions are
favourably adsorbed by RCG. As more detailed,
according to Tseng and Wu [49], BB9 having a 1/n
value (0.472) in the range of 0.1<1/n<0.5 indicates
the favourable adsorption and BV3 (0.665) in the
range of 0.5<1/m<1 indicates the pseudo-linear
adsorption characteristic.

3.9. Biosorption mechanism

Biosorption mechanism may be influenced by
some factors such as weak and strong interactions,
steric hindrances, surface properties, pH of solution,

Dye Langmuir parameters Freundlich parameters

Qmax (Mg/g) K (L/mg) R? K¢ (L/mg) n R?
BB9 107.53 1.02 0.99 51.32 2.12 0.99
BV3 312.50 0.21 0.92 49.45 1.50 0.98

Fig. 9. Biosorption mechanism of (a) BB9 and (b) BV3.
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etc. BB9 and BV3 are cationic dyes and they have par-
tial positive charge on nitrogen atoms (two amino
groups for BB9 and three for BV3) (Fig. 9). The strong
interactions may occur due to electrostatic interaction
and hydrogen bonding between dye molecules (amino
groups) and RCG surface (partial negative sides).

4. Conclusion

Adsorptions of two cationic dye, BB9 and BV3, on
RCG, inexpensive and useless biomaterial were stud-
ied in batch mode. The 88% of BB9, 84% of BV3 were
removed successfully. The adsorption data followed
the Freundlich model with satisfactory maximum
adsorption capacities, 107.53mg/g and 312.50mg/g
for BB9 and crystal blue, respectively. The negative
values of Gibbs free energy indicated the spontaneity
of adsorption process. Finally, this study confirmed
that RCG is an alternative effective biosorbent for
removal of BB9 and BV3. The RCG is abundantly
available in Turkey and hence its application for the
removal of dyeing effluents is expected to be economi-
cally feasible. It may also be useful in the treatment of
other especially organic effluents.
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