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Graphical abstract

Abstract

In this study, activated sugar beet pulp as a biosorbent
was used to remove Red-254 dye from aqueous solutions.
The contact time, pH, biosorbent dosage and temperature
were chosen as the parameters affecting the biosorption
process. In the experiments, the batch adsorption
technique was wused. The isotherm, kinetic and
thermodynamic parameters were calculated by using the
data obtained from the experiments. The pseudo-second-
order kinetic model and Langmuir isotherm model with R?
> 0.998 in all cases were individually fitted to
experimental data. The maximum monolayer biosorption
capacity was found to be 84.75 mg.g™. Additionally, from
the positive values of AH®and the negative values of AG°,
it can be expressed that biosorption processes were
carried out with endothermic, physical adsorption,
spontaneous and thermodynamically favorable. As a
result, the sugar beet pulp, which can be found as waste
from the sugar factories, can be used as biosorbent for
the removal of Red 254 dye from aqueous solutions.

Keywords: Biosorption, red-254, sugar beet pulp,
isotherm models, kinetic models, thermodynamic
parameters.

1. Introduction

In industrial plants such as tanning, dyeing, textile,
cosmetics, plastic, food etc., it is assumed that more than
a thousand organic dyes are commercially available.
Among them, azo-based paints constitute approximately
70% of the total paints. There are also unwanted heavy
metal ions in their content. Industrial discharge of these
types of dyes into the ecosystem causes serious risks living
to things (Yusuf et al., 2021; Wanyonyi et al., 2014; Kalkan
et al., 2012; Pitsari et al., 2013; Altundogan et al., 2007;
Akar et al,, 2010). Therefore, the concentration of dyes
must be reduced to the desired value before discharge to
the receiver medium of dyestuffs in wastewater (Rathi et
al., 2021; Khattri and Singh, 2009).

Many chemical and physical dye-removal methods,
including such as photocatalytic degradation (Joseph et
al., 2009), membrane filtration (Zhu et al., 2017),
precipitation (Gunduz and Bayrak, 2017), ion exchange
(Reynier et al., 2015) and adsorption techniques (Ngah et
al., 2011) have been used. It is stated that the adsorption
technique is superior to the other removal techniques
since it is economically low-cost and simple. In the
adsorption process, many adsorbents have been used to
remove dyes (Yagub et al., 2014; Rafatullah et al., 2010).

Activated carbon is one of the most commonly used
adsorbents in wastewater treatment in the world.
Because, it has superior properties such as porous
structure, high adsorption capacity and large surface area
(Imamoglu and Tekir, 2008; Lafta et al., 2014). However,
in recent years, new adsorbent materials have been
employed in adsorption processes instead of activated
carbon. These adsorbents attract the attention of
researchers because of their low cost, abundance, and
eco-friendly features in wastewater treatment (Yao et al.,
2011; Lacin et al., 2019; Foroughi-Dahr et al, 2015;
Altundogan, 2005; Salazar-Rabago et al., 2017; Akar et al.,
2016; Wang et al., 2008; Kavci, 2020; Amri et al., 2019;
Tay et al., 2020; Tran et al., 2017). Biosorption commonly
used to remove dyes from wastewater is one of the
simple, low-cost, effective and ecological techniques.
Various biomaterials such as natural residues, agricultural
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wastes, bacteria, fungi, microalgae etc. are used as
biosorbent in the removal of dyes (Danouche et al., 2021).
Therefore, in this study, it has been investigated whether
activated sugar beet pulp (ASBP), which is found as waste
in sugar production from sugar beet, can be used as a
biosorbent. For this purpose, ASBP is used to investigate
the biosorption behavior of R-254 dyestuff from aqueous
solutions. The effect of the contact time, the initial
concentration, the temperature, the pH and the
biosorbent mass on biosorption process are investigated.
The biosorption kinetics, thermodynamics and equilibrium
studies are conducted by batch adsorption technique.

2. Materials and methods

2.1. Materials

In this study, the solutions of pigment R-254 supplied
from Ozcanlar Textil Ltd. Sti. in Istanbul/Turkey were used
as dyestuff and it was prepared by distilled water. R-254 is
Table 1. Some properties of R-254

DEMIR et al.

an anionic, bright red, heterocyclic organic pigment with
excellent heat resistance. Some thermo-physical
properties of R-254 are presented in Table 1. The chemical
structure of R-254 is given in Figure 1.

The sugar beet pulp (SBP) provided as waste product by
Erzurum Sugar Factory was used as biosorbent. It was
sieved through 0.517-0.27 pm sieved, washed with
distilled water and then dried overnight at 85 °C. Some
properties of wet and dry sugar beet pulp are given in
Table 2. At 85 °C, it was activated for 6 hours with the
solid/liquid ratio of 1 g dry SBP/125 ml of 0.7 M HNOs acid
solution. Then, the solution was centrifuged to separate
the ASBP. It was washed several times with distilled water
until the pH was neutral. Then, it was placed in an oven at
85 °C and dried until it reached a constant weight. All
other chemicals used were of analytical purity.

CAS no 84632-65-5
IUPAC name 1,4-bis(4-chlorophenyl)-2,5-dihydropyrrolo[3,4-c]pyrrole-3,6-dione
Molecular Weight (g.mol?) 357.19
Molecular Formula CigH10CI2N20,
Ph Value 7
Density (g/ml) 1.5
Water Solubility ( mg/L) 4.10* (25 °C)
Oil Absorption(ml/100g)% 40
Light Fastness 8
Heat Resistance 250 (°C)
Water Resistance 5
Qil Resistance 5
Acid Resistance 5
Alkali Resistance 5
Amax (nm ) 543

Cl

O,H
N
//C'
N
H ©

Figure 1. Chemical structure of R-254

2.2. Biosorption studies

The R-254 biosorption onto ASBP was performed using a
batch adsorption technique. In these studies, the initial
concentration, the contact time, the temperature, the
solution pH and the biosorbent dosage were selected as
dependent parameters and parameter values were given
in Table 3.

The pH values were adjusted with a digital pH meter
(model Thermo Orion 3 Star pH meter) using 0.1 M NaOH
and 0.1 M HCI solutions. Biosorption experiments were
carried out in a temperature-controlled shaker (Edmund
Blihler Gmbh KS-15) at a constant mixing speed of 225
rpm according to the given values in Table 3. At the end of
each experimental work, some samples were taken from
the final solution and centrifuged immediately at 5000
rom for 10 minutes (model Nuve NF 1215) and then the
solution was separated from the solid. R-254
concentration was found by a Thermo Evolution 500 UV
spectrophotometer by using a calibration curve at the
maximum wavelength corresponding to R-254 (543 nm).

The removal percentage of R-254 was calculated using
Equation 1.

(€-c) w

R—254 Removal %= x 100

0
where Co (mg.l?) and C: (mg.Ll?') are the R-254
concentrations at the initial and time t, respectively.
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Table 2. Properties of wet and dry sugar beet pulp
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Ingredients wet % dry %
Water 75.84 -

Sucrose 17.1 70.7
Pectin 2.2 9.4
Raw oil 0.1 0.4
Raw cellulose 2.1 8.9
Nitrogenous substances 1.1 4.6
Ash 1.06 4.5
Other 0.3 1.5

Table 3. Selected biosorption parameters and values

Parameters

Values

Initial Concentration (mg.L1)

25 -50* - 75 - 100

Contact Time (min.)

1-5-10-30-60-120* - 180

Temperature (°C)

25*-30-35-40-45-50

pH

2-4-5.69*-6-8-10

Biosorbent Dosage (g.L %)

0.25-0.5*-1.0-15-2

Biosorption capacity at equilibrium, ge (mg.g?) evaluated
from the initial (Co) and equilibrium (Ce) R-254
concentrations (mg.Ll) in the solution is computed by
Equation 2:

2
qe:(CO—Ce)K ( )
m

where V (L) is the solution volume and m (g) is the ASBP
dosage.

2.3. Characterizations

The ASBP was analyzed by X-ray diffraction using Rigaku
2200D/Max, X-ray diffractometer, Cu Ka (A= 1.5405 A)
radiation in the 20 range 0-50° was used.

The surface morphology was analyzed by A ZEISS SIGMA
300 Scanning Electron Microscopy (SEM). The contact
angle was measured by Attension Theta Flex. Particle size
and zeta potential analysis was performed by Malvern
Zetasizer Nano ZSP.

With Micrometrics 3Flex device, surface area analysis with
Brunauer-Emmett-Teller (BET) and pore size-volume
analysis with Barrett-Joyner-Halenda (BJH) were carried
out.

2.4. Adsorption isotherm, kinetics and thermodynamic
equations

Adsorption isotherms play an important role in the design
of an adsorption stem to remove the substance to be
adsorbed from solutions. There is a dynamic equilibrium
in the interaction between the adsorbate and the
adsorbent in the adsorption process. The equilibrium data
must be analyzed for the development of mathematical
models. These equilibrium models present important
information about adsorption mechanisms, affinities of
the adsorbent and surface properties. Different isotherm
models are available to analyze the experimental data.
However, the most popular isotherm models used in
adsorption processes in aqueous solutions are Freundlich,
Langmuir, Temkin and Dubinin-Radushkevic (D-R) models

(McKay et al., 1999; Reddad et al., 2002; Fathi et al., 2015;
Castro et al., 2017; Pehlivan et al., 2008).

The Langmuir isotherm describes that a monolayer of
adsorbent occurs over homogenous sites on the
adsorbent. The dimensionless equilibrium parameter
values (Ri) indicate the type of the isotherm (unfavorable
(R. > 1) linear (Ri= 1), favorable (0 < R. < 1) or irreversible
(Ri=0).

Freundlich isotherm is an empirical equation, which
indicates that the adsorption process takes place on a
heterogeneous surface. Adsorption capacity is related to
the concentration of dye at equilibrium. If n value in the
formula is between 1 and 10, the adsorbent is suitable for
adsorption.

The Temkin isotherm is an empirical equation and it
explains interactions between the adsorbate and the
adsorbent in the adsorption process. It is characterized by
a homogenous distribution of binding energies.

The Dubinin Radushkevich isotherm is generally applied to
describe the adsorption mechanism and nature with a
Gaussian energy distribution onto a heterogeneous
surface.

It is very important to examine the kinetics to determine
which of the adsorption mechanism of the system is
controlled. In this study, Elovich, Pseudo-First-Order,
Pseudo-Second—-Order and intra-particle diffusion models
were applied (Bulut and Aydin, 2006; Li et al., 2016;
Nuhanovi¢ et al., 2019). Experimental adsorption isotherm
and kinetic models were compared with the models given
in Tables 4 and 5, respectively.

The thermodynamic parameters such as the Gibbs free
energy change (AG°, kl.moll), the enthalpy change (AH®,
kl.moll) and the entropy change (AS°, kl.mol?l) were
calculated to confirm the nature of the biosorption
process.
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Table 4. The isotherm models commonly used in aqueous solutions
Isotherms Mathematical Equations Equations
C, C, N 1 1 3
Langmuir — = L= Eq.
q, 4q, K xaq, 1+K,C,
. 1
Freundlich In(qe):ln(Kf)+—><In(Ce) Eq. 4
n
Temkin q.=R,T /b, ><|n(KTCe) Eq.5
) 1
D-R In(g,)=In(g,, ) +Bx&* €=R,Tin 1+C— Eq. 6
e
Table 5. The kinetic models tested experiments
Isotherms Mathematical Equations Equations
Pseudo First Order Iog(qe -q, ) = Iog(qe ) —k, xt Eq.7
t 1 t
Pseudo Second Order —=—7t— Eq.8
9. kxq, q.
In(aB) Int
Elovich q, = +— Eq.9
B B
1
Intraparticle diffusion q, =k, xt2+C Eq. 10

AG° can be found with Van’t Hoff Equation 11. If AG° value
is a negative quantity, the reaction occurs spontaneously.
In physical adsorption, AG°® varies between -20 and 0
kl.moll. In chemical adsorption, it is between -80 and -
400 kJ.mol* (Agarry and Ogunleye, 2014).

AG°= —R, TxIn(K,)=AH®°—TAS° (11)

With the modification of Equation 11 is obtained Equation
12 as follows:

In(K,) = (AS°/R,) — (AH° /R,T) (12)

Ko. is the equilibrium constant; Rg is the universal gas
constant (8.314 J-(mol-K)" ' ); and T is the absolute
temperature (K). Also, Ko is calculated from Equation 13 as
follows (Zhou et al., 2022):

K, =10° xK, (13)

AH° and AS° parameters are calculated from Equation 12.
The value of AH®also determines whether the adsorption
process is physical (80<k).mol?) or chemical (80-200
kJ.mol) (Agarry and Ogunleye, 2014).

3. Results and discussion

3.1. ASBP characterization

X-ray diffraction (XRD) patterns of ASBP are shown in
Figure 2. The major diffraction intensities at 15, 23° and
30° 20 indicate that ASBP sample is of the typical cellulose
| structure.

Scanning Electron Microscopy (SEM) images before and
after biosorption of ASBP are shown in Figure 3. It can be
seen from Figure 3a that the biosorbent has a rough and
heterogeneous porous structure. It can also be seen from

Figure 3b that the dye molecules are to be adsorbed onto
the surface of the biosorbent.

Figure 2. Typical XRD pterns of ASBP

(a) (b)

Figure 3. a and b SEM micrograph of ASBP before and after
biosorption, respectively

Particle size analysis of ASBP dried, milled and sieved is
given in Figure 4. It is obvious from Figure 4, it gives 531
nm in the first peak, 459 nm in the second peak and 615
nm in the third peak. The average particle size is
calculated as 535 nm.

The R-254 surface analysis results are given in Figure 5
and Table 6.
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Table 6. The ASBP surface analysis results
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Surface Area (S, m2.g-1)

Pore Volume(Vp, cm3.g-1)

Average Pore Size(dp nm)

29.41

0.03509

4.7736

The equilibrium contact angle shows the hydrophilicity of
a solid surface by a liquid via the Young equation.
Additionally, it reflects the relative strength of the liquid,
solid, and vapour molecular interaction. The smaller the
equilibrium contact angle from 90° the higher the
hydrophilicity property. As a result, the biosorption
capacity of the biosorbent will increase. The equilibrium
contact angle is shown in Figure 6. It is clear from Figure 6
that the biosorption capacity of the biosorbent is high
since the equilibrium contact angle is about 67 °.

Size Distribuion by Inensity

Intensity (Percent)
—

0.1 1 10 100 1000 10000

Size (d.nm}

ASBP1 ASEBP3
—— ASBP2

Figure 4. Particle size analysis of ASBP

Figure 5. Biosorption isotherm of nitrogen at 77 K for ASBP

8 b

Figure 6. The equilibrium contact angle of ASBP

3.2. Effect of initial concentration and contact time on the
biosorption capacity

To determine the biosorption equilibrium time, the batch
adsorption process was carried out at the contact times
and the different initial concentrations. Figure 7 was

drawn using the data obtained at the end of the
experiment. As can be seen from Figure 7, the biosorption
rate is high at the beginning of the process and then it
starts to decrease gradually. Eventually, the biosorption
rate reaches the equilibrium condition. The equilibrium
time for this biosorption process is determined as
approximately 120 minutes. In all other experiments, the
contact time is taken as 120 minutes.

8
5 Y
——25mg. L™

6

5 ——50mg.L™
: 4 ——75mg L™
g
= 3 ——100mg.L™

2

1

0

=}

20 40 60 80 100 120 140 160 180 200

t (min)

Figure 7. Determination of equilibrium time (the initial solution
pH 5.69, biosorbent dosage 0.5 g, temperature 25 °C, stirring
speed 225 rpm, R-254 concentrations 25-100 mg.L?)

3.3. pH effect on the biosorption capacity

The solution pH is the most important parameter
governing the dye biosorption process since it affects the
biosorption capacity. The zero charge point (pHzpc)
corresponds to the pH value at which the biosorbent
surface is considered to be neutral. It plays an important
role in explaining the adsorption of ionic species on
biosorbent surfaces in aqueous systems. The
determination of pHzpc of ASBP was performed (Zou and
Zhao, 2012). The value of pHzpc can be determined from
the curve that cuts the pHi line of the plot ApH versus pHi
(Figure 8). The pHzpc point of ASBP was determined as
6.62 and the pKa value of R-254 was found to be 8.46
from the literature (Chemical book 2016). When the pH
value of the dye solution is lower than 6.62, ASBP behaves
positively charged and when the pH value is higher than
6.62, ASBP behaves negatively charged. On the other
hand, when the pH value of the dye solution is less than
8.46, the R-254 adsorbate behaves negatively charged and
when the pH value is greater than 8.46, it behaves
positively charged.

The biosorption of R-254 dyes onto ASBP was determined
by changing the pH in the range of 2.0-10.0 and given in
Figure 9. As can be seen from Figure 9, while the
biosorption capacity increases at pH 2-6, it decreases at
pH 6-10.

It can be said that the increase in biosorption capacity at
low pH values is due to the electrostatic attraction forces
between the positively charged ASBP biosorbent and the
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negatively charged R-254, while the decrease at high pH
values is due to the repulsive forces between the
biosorbent surface functional groups and the dye
molecules interacting. So, in the experimental studies, the
initial solution pH value of 5.69 was chosen as the
constant parameter.

ApH
[P O R = ST

8 6 10 11 12

pH;

Figure 8. pHzpc of ASBP.

pH

Figure 9. Determination of suitable pH (contact time 120 min,
biosorbent dosage 0.5 g.L'1, temperature 25 °C, stirring speed
225 rpm, R-254 concentrations 50 mg.L%)

DEMIR et al.

3.4. ASBP dosage effect

The biosorbent dosage on the removal of R-254 provides a
high contribution due to the number of available active
sites on the surface of biosorbent. Therefore, the effect of
biosorbent dosage was examined by varying it in the
range 0.25 to 2.0 g.L'? and the results are given in Figure
10. It can be clearly seen from Figure 10 that the
biosorption capacity (qe) decreases and biosorption
percent increases with the increasing value of the ASBP
dosage from 0.25 to 2.0 g.L'l. An increase in the
biosorption percent is due to the increase in the
biosorbent surface and hence, more active functional
groups result in the availability of more biosorption sites.
Additionally, the biosorption capacity decreases by
increasing the biosorbent dosage due to the unsaturated
biosorption site numbers during the biosorption process
(Malekbala et al., 2012). The biosorbent dosage of 0.5 g.L°
! was selected next experiments.

3.5. Analysis of the biosorption isotherms

Four isotherm models presented in Table 4 were
investigated the biosorption process mechanism in the
removal of R-254 from aqueous solution by using ASBP as
biosorbent. From Equation 3, when the Ce versus Ce/qeis
plotted, Langmuir constants (qm and Ki.) are found from
the intercept and slope of a linear relation. The other
isotherm constants in Equations 4-6 are calculated in the
same way. Isotherm parameters and R?values obtained by
applying experimental data to equilibrium isotherm
models are given in Table 7 and Figure 11.

Table 7. Isotherm parameters and R2values of equilibrium isotherm models for the R-254 biosorption onto ASBP at 25 °C

Isotherm parameters R-254 Dye
Langmuir
Om (Mg.g1) 84.75
KL,zsoc (ngl) 0.16
KL,30 °c (ngl) 0.13*
Ki3s5 % (L.mg?) 0.12"
KL,40 °c (L.mg‘l) 009*
KL,45 °c (L.mg‘l) 0.08"
KL,SO oc (L.mg‘l) 0.07*
Re 0.93
R2 0.99
Freundlich
Ke [ (mg.g-1)( (L.mg?)-/n] 2.70
n 0.43
R2 0.96
Temkin
Kr(L.mg?) 9.34
Br 18.19
R2 0.98
Dubinin-Radushkevich
BDR (XIO‘Gmolz.kj'Z) 1
gm (mg.g?) 4.13
R2 0.93

*K. values at other temperatures are added to the table to calculate Ko.
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Figure 10. Effect of biosorbent dosage (contact time 120 min,
the initial solution pH 5.69, temperature 25 °C, stirring speed
225 rpm, R-254 concentrations 50 mg.L1)
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Figure 11. Isotherm curves for different isotherms models (a-
Langmuir, b-Freundlich, c-Temkin, d-D-R) (contact time 120 min,
the initial solution pH 5.69, temperature 25 °C, stirring speed
225 rpm)

Biosorption process of R-254 onto the ASBP is favorable
because the R-value is in the range of 0-1. At the same
time, if the n value is greater than 1, it can be stated that
ASBP is a suitable biosorbent for R-254 biosorption. From
Table 7 and Figure 11, at 25 °C, the isotherm model best
suited to the biosorption of R-254 on ASBP is found to be
Langmuir with R? value of 0.99. Similar results are
reported in the literature (Vucurovié et al., 2012; Pehlivan
et al., 2006).

3.6. Analysis of the biosorption kinetics

The applicability of four well-known kinetic models
presented in Table 5 was estimated through the kinetic
parameters, equilibrium biosorption capacity and
correlation coefficients shown in Table 8. From Equation
7, when log(qe-qt) versus t is plotted (Figure 12), pseudo-
first-order constants (ki and qe) are found from the
intercept and slope of a linear relation. The kinetic
constants in Equations 8-10 are calculated in the same
way. The R? and kinetic constants were obtained by
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applying experimental data to kinetics models given in
Table 8 and Figure 12.

When Table 8 and Figure 12 are examined, the kinetic
model corresponding to the experimental data is a
pseudo-second-order model. The correlation coefficient
of the pseudo-second-order kinetic model is relatively
high (0.996-0.999).

Similar kinetic results are reported in the removal of dyes
from an aqueous solution by using SBP as biosorbent
(Harifi-Mood and Hadavand-Mirzaie, 2015; Aksu and
Isoglu, 2005).

2 ©25 mglL! 9
L 8 ©25 mgl?t &
W50 mgL!
1.5 i:. . g - ®50 mgl?!
[ ] A75 mgLd
. b a g, yE A75 mglL!
5
= e . ® 100 mz.L B ®100mgL? °
? [} =
205 . & "
= © L] ; ! °
2 - -
0 % . -
" A
) 50 a 100 - o s .
0.5 1 ] =
©
0
1 0 50 100 150 200
t(min) t (min)
(@) (1)
80 1 80
© 25 mgL . ©25 mgL*t .
70 -1 70 4
W50 mgL . [ ] W50 melt - L
60 ! 1
_ &75mgL ad &0 A75 mgL? &
= 5 ; = 50
o ® 100mgL* : a o % 30 a0 mg L z a "
s 40 . L 40 4 "
g . E 40 o L]
< 30 = 30 A o
20 2 68 5 000 n{lald o o 00 o
1 o ° T me
10 104 o
0 0 T T
0 2 4 6 0 5 10 15
In(t) t'2 (min"? )
(<) (d)

Figure 12. Kinetics curves for different kinetics models (a-
Pseudo-first-order, b-Pseudo-second-order, c-Elovich, d-
Intraparticle diffusion) (biosorbent dosage 0.5 g.L%, the initial
solution pH 4.59, temperature 25 °C, stirring speed 225 rpm)
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Figure 13. Effect of temperature on the biosorption of R-254
dye by ASBP (biosorbent dosage 0.5 g, the initial solution pH

4.59, temperature 25 OC ., stirring speed 225 rpm)

3.7. Biosorption
studies

thermodynamics and temperature

The effect of temperature on the biosorption of R-254
onto ASBP from aqueous solution is estimated by
variation of the temperature in the range from 298 to 323
K (Figure 13). It can be seen in Figure 13 that the removal
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of R-254 onto ASBP was slightly increased with the
increasing temperature from 298 to 323 K. This situation

DEMIR et al.

may be due to interactions between biosorbent and
adsorbate and the creation of new biosorption sites.

Table 8. Comparison of the kinetic models for R-254 dye concentrations of at 25 °C

a Pseudo First Order Pseudo Second Order

Dye Co(mg.L?) Qeexn(mg.g?) ki (min-t) Qe,cal(mg.g?) R? ka(g.mgt.min?)  geca(mg.g?) R?
25 22.82 0.05 10.43 0.978 0.01 23.34 0.998
R.254 50 43.92 0.03 28.52 0.989 0.01 35.09 0.999
75 56.89 0.03 38.93 0.970 0.02 59.84 0.999
100 71.36 0.03 45.76 0.986 0.02 74.08 0.996

b Elovich Intraparticle Diffusion

Dye Co(mg.L?) e,exp(Mg.g*) a(g.mg?)  B(mg.gtdk?) R2 kait (mg.g1.min*/2) c R
25 22.82 76.63 0.33 0.98 1.01 12.31 0.960
R-254 50 43.92 41.95 0.16 0.95 1.02 15.79 0.930
75 56.89 40.02 0.12 0.89 1.03 18.51 0.930
100 71.36 77.73 0.10 0.86 1.04 27.66 0.930

From E, when the plot 1/T versus In Kc is plotted (Figure
14), the values of AH° and AS° are found from the
intercept and slope of linear relation and then used to
calculate AG° according to Equation 11. The
thermodynamic parameters for biosorption of R-254 onto
ASBP are presented in Table 9.

The positive value of AH® (72.65 kJ.mol) shows that the
biosorption process of R-254 onto ASBP is endothermic,
which means the hydration energy is partly compensated
in the release of biosorption energy. Additionally, the AH®
magnitude shows the physical of the biosorption process.

The positive value of AS° (260 J.mol?) for the ASBP
indicates an increase in irregularity among the R-254
biosorption molecules for the active sites of the ASBP
surface at the solid-liquid interface.

The negative AG° values (4.76-11.25 kJ.mol?) indicate a
favorable and spontaneous removal process of R-254 onto
ASBP at all the experimental temperatures. In addition,
the biosorption process is found to be carried out by

physical adsorption, since the values of AG° are in the
range of physical adsorption in this study.

3.05 31 3.15 3.2 3.25 33 3.35 34
1/T(KDx103

Figure 14. The plot of InKo vs 1/T for the enthalpy change of the
biosorption process

Table 9. Thermodynamic parameters for the biosorption of R-254 on ASBP

AH (kJ.mol?) AS(J.mol?) AG (kJ.mol?)

T (K) 298 298 303 308 313
318
323

2.7 89.8 -2.67 -2.72 -2.76 -2.81
-2.85
-2.90

4. Conclusions

The activated form of sugar plant waste, sugar beet pulp,
was used as biosorbent to remove R-254 from its aqueous
solutions. In the characterization studies of the ASBP, it is
observed that there has a rough and heterogeneous
porous structure. The average particle size is calculated as
535 nm. It was determined that the ASBP is to be used as
biosorbent since the equilibrium contact angle is about 67
° It is observed that R-254 biosorption increased with

increasing contact time, solution temperature and initial
dye concentration. Biosorption equilibrium time is found
to be 120 min. The pHzpc point of ASBP was determined
as 6.62 and the pKa value of R-254 was found to be 8.46
from the literatiire. So, the pH value of the ASBP is chosen
as 5.69, which is the initial solution pH value of ASBP in
aqueous solutions since the ge at the initial solution pH is
about 4.97 mg.gl. The kinetic model best suited to the
biosorption of R-254 on ASBP is found to be the pseudo
second order model. The biosorption process fits well to
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the Langmuir isotherm model. The maximum monolayer
biosorption capacity is 84.75 mg.gl. The positive value of
AH° (2.7 kJ.mol?) confirm that biosorption process is
endothermic. The biosorption of R-254 onto ASBP is a
spontaneous and thermodynamically favorable process at
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all the experimental temperatures, since the values of AG°
are negative. Consequently, ASBP can be used as a low-
cost and efficient biosorbent in the removal of R-254 in
industrial processes.

Nomenclature

Co Initially dye concentration (mg.L1) br Isotherm constant of Temkin
C Equilibrium dye concentration (mg.L?) . Dubinin—Radushkevich isotherm
constant

Ci Dye concentration at time t (mg.L2) ASBP Activated sugar beet pulp
Je Biosorption capacity at time equilibrium (mg.g1) Re Gas constant (J.mol1.K1)
Ot Adsorbed amount at time t (mg.g1) T Temperature (K)

e, cal Calculated adsorption capacity (mg.g?) Vv Volume (L)

Je,exp Experimental adsorption capacity (mg.g?) m Biosorbent dosage (g)
k1 Rate constant for the pseudo-first kinetic model (min-1) t Time (min)
ka Rate constant for the pseudo-second kinetic model (g.mg1.min-1) Ko Adsorption equilibrium constant (-)
a Elovich parameter (g.mg?) AGO Free energy change of Gibbs (kj.mol1)
B Elovich parameter (mg.g1.dk) AHO Enthalpy difference (kj.mol)
kit Rate coefficient of diffusion (mg.gl.min"/2) ASO Entropy difference (kj.mol1)
C The intercept and relate to the thickness of the boundary layer S Surface Area(m2.g?)
RL The highest initial concentration (mg/L) Vy Pore Volume (cm3.g?)
Ki Langmuir coefficient (L.mg1) Average Por Size (nm)
Ks Freundlich isotherm constant (mg.g1) g
n Freundlich isotherm constant (L.g1) P
K Tempkin isotherm equilibrium binding constant(L.g™)
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