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ABSTRACT

In this work, batch adsorption of Acid Blue 25 from wastewater onto sugarcane bagasse (SCB) at
room temperate was illustrated. The SCB was characterized in term of morphology, Fourier-
transform infrared spectroscopy and X-ray diffraction tests. The percentage removal of Acid Blue
25 was increased with contact time, adsorbent (SCB) mass, and temperature while declined with
initial concentration of dye in solution and pH. Experimental data of Acid Blue 25 adsorption was
subjected to linear and non-linear pseudo-first-order and pseudo-second-order kinetic models.
Results showed that Acid Blue 25 adsorption onto SCB from wastewater fitted to linear and non-lin-
ear pseudo-second-order model. Two, three and four parameters non-linear adsorption isotherms
models were used to demonstrate adsorption of Acid Blue 25 onto SCB. Attained results showed
that adsorption of Acid Blue 25 followed non-linear Langmuir isotherm model. Results of adsorp-
tion thermodynamics study represented that adsorption of Acid Blue 25 from wastewater onto SCB
was an endothermic because the value of change in enthalpy was positive (AH® = 7.455 k]/mol). In
addition, adsorption of Acid Blue 25 onto SCB was feasible and spontaneous process. In addition,
the regeneration of adsorbent is also reported.

Keywords: Sugarcane bagasse; Adsorption; Endothermic process; Non-linear pseudo-second-order
model; Acid Blue 25; Non-linear Langmuir isotherm
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1. Introduction

Water is a crucial natural resource on earth, but it can
become contaminated through the introduction of various
pollutants. When water is no longer suitable for its intended
purposes, it is considered polluted. Identifying the types of
pollutants present in the water is an important first step in
addressing this issue. Water contamination can occur due to
the intake of minerals, organic compounds, or solid waste
into water bodies. These chemicals are introduced through
industrial, commercial, residential, healthcare, agricultural,
and other sources [1-4]. Many industrial wastewaters con-
tain organic contaminants, with dyestuffs from industries
like textiles, leather, and paper posing significant challenges
[5,6]. Dyes are also used in the plastics, pharmaceuticals,
food, and cosmetics industries [7]. Some dyes have adverse
effects on the immune system, leading to strong reactions
when inhaled, such as coughing, sneezing, watery eyes,
and asthma symptoms [8]. The contamination of water
resources with dyes is of great concern for various prob-
lems [9]. Addressing these issues requires the treatment of
polluted water.

Various methods have been employed to decolorize
and remove dyestuffs from wastewater, including coagu-
lation, electro-oxidation, adsorption, advanced oxidation
processes, flocculation, biological degradation, and mem-
brane processes [10,11]. Among these methods, adsorption
is particularly noteworthy for its effectiveness, versatility,
reliability, simplicity, and wide range of available adsor-
bents [12-16]. It is also advantageous due to its afford-
ability, ability for adsorbent regeneration, applicability to
various adsorbates, absence of pre-treatment requirements,
and lack of long-term toxic residues [9,11,17].

Adsorbents like banana pith [18], date leaves [7], rice
husk [19], plant leaves powder [20-23], activated carbon [24]
and orange peels [25], are excellent adsorbents to remove
dyes from wastewater [26]. Among these adsorbents, sugar-
cane bagasse (SCB) stands out as a low-cost and eco-friendly
biosorbent. SCB primarily consists of lignin, cellulose, and
hemicellulose, making it an excellent precursor for water
purification as an adsorbent. In order to enhance its adsorp-
tion efficiency, modifications can be made to the SCB [27].
Globally, approximately 100 million tons of SCB, an agri-
cultural waste by-product, is generated each year by the
sugarcane industry. Currently, a significant portion of SCB
is burned for energy production, which not only harms the
environment but also wastes this valuable bioresource [28].
SCB is abundantly available, affordable, and possesses a
polymeric structure consisting of 50% cellulose, 25% lig-
nin, and 25% hemicellulose. Therefore, utilizing this indus-
trial waste as a low-cost adsorbent could yield a dual ben-
efit by reducing environmental pollution [29].

In this work, the removal of dyes from an aqueous
solution was investigated in batch mode, with a focus on
analyzing the impact of various parameters such as adsor-
bent dosage, temperature, contact time, pH and initial dye
concentration. Different kinetics models were applied to
the experimental data, allowing for the interpretation and
comparison of kinetic parameters. Experimental data of
Acid Blue 25 adsorption onto SCB was also subjected to sev-
eral linear and non-linear isotherm models. Furthermore,

thermodynamic parameters, including changes in Gibbs’
free energy, entropy, and enthalpy, were determined for the
adsorption of Acid Blue 25 onto SCB at different tempera-
tures. The regeneration of adsorbent was also studied.

2. Experimental work
2.1. Adsorbent

SCB was obtained from a local sugar mill in Bahawalpur,
Pakistan. It was subjected to a series of preparation steps
to ensure its suitability as an adsorbent. First, the SCB was
thoroughly dried, washed, and cleaned. Distilled water was
used to rinse it and remove any impurities. The dried SCB
was then divided into smaller pieces and placed in a hot
air oven at 80°C for 24 h to ensure complete drying. After
drying, the pieces were grinded into a fine powder using a
mixer grinder. The resulting powder was sieved to ensure
uniform particle size distribution, retaining only the useful
particles. To enhance its adsorption capacity, the SCB pow-
der was treated with a 0.1 M NaOH solution. Finally, the
treated SCB powder was stored in an airtight container for
later use.

2.2. Adsorbate

In this research, Acid Blue 25 dye was used as the adsor-
bate. A stock solution of Acid Blue 25 dye with a concen-
tration of 1,000 ppm was prepared in a 500 mL of distilled
water. Further dilutions of the stock solution were made
as per the experimental requirements. The chemical struc-
ture of Acid Blue 25 dye is given in Fig. 1.

2.3. Adsorption test

In this study, batch adsorption experiments were con-
ducted to investigate the adsorption of Acid Blue 25 onto
SCB, following established procedures [30-37]. Initially,
the measured amount of SCB was shaked at a fixed speed
of 180 rpm into known volume of dye solution and concen-
tration of Acid Blue 25 solutions at room temperature. The
concentration of Acid Blue 25 was measured using UV/
VIS spectrophotometer (UV-2550, SHIMADZU, Kyoto,
Japan) at wavelength of 550 nm.

2.4. Instrumentations

Morphology of SCB was investigated by utilizing scan-
ning electron microscopy (SEM). Fourier-transform infrared
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Fig. 1. Chemical structure of Acid Blue 25.
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(FTIR) spectroscopy and X-ray diffraction (XRD) tests of
SCB were also conducted. Surface area of SCB was deter-
mined by Brunauer-Emmett-Teller (BET).

3. Results and discussion
3.1. XRD test

The XRD pattern of NaOH treated SCB was recorded
to study the changes in the crystallinity of fibers during
the course of modification. The crystalline nature of cellu-
lose was revealed from major peaks at 15.85 and 22.15 in
XRD patterns of NaOH treated SCB as shown in Fig. 2 [38].

3.2. FTIR test

Herein, we carried out FTIR analysis of SCB and attained
results are given in Fig. 3. The peak at 2,920 cm™ was asso-
ciated to the asymmetric and symmetric stretching vibra-
tion of methylene (-CH,) group [39,40]. The bold absorption

35 22.15
30
25 +
20

154

Intensity

10 15.85

'
(4]

0 20 40 60 80 100
26

Fig. 2. X-ray diffraction pattern of NaOH-treated SCB.
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Fig. 3. Fourier-transform infrared spectrum of SCB.
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band of carboxylic acid group, C-OH stretch at 1,030 cm™
was existed in cellulose. The broad band at 3,370 cm™ was
attributed to the existence of hydroxyl group, O-H in cellu-
lose, hemicellulose, and pectin [39—41]. The peaks at 1,728.25
and 1,603.76 cm™ represented stretching vibrations of
carbonyl group (C=0) and alkene group (C=C).

3.3. SEM analysis of SCB

Morphology of SCB was illustrated by using SEM.
Adsorptions of dyes are also dependent on structure of
adsorbents. Fig. 4 represents the SEM micrograph of SCB.
It can be seen that SCB has irregular and rough morphol-
ogies. In addition, pores or holes were also noted on SEM
micrograph of SCB. From here, it can be concluded that
observed structure of SCB is useful for Acid Blue 25 adsorp-
tion from wastewater.

3.4. BET test

The surface area, pore size, and pore volume of SCB
was determined by utilizing BET. The surface area, pore
size, and pore volume of SCB were 4.90 m?/g, 2,417 A and
0.30 cm®/g, respectively [42]. It showed that SCB exhibited
higher pore size and surface area. Pore volume describes
saturation of the pore with N, at the greatest relative pres-
sure (P/P°), where P/P°=0.99 [42]. From here, it is expected
that SCB could adsorb more Acid Blue 25 dye molecule
due to its larger surface area.

3.5. Effect of operating factors on the Acid Blue 25 remouval from
wastewater

The duration of contact time played a significant role
in the efficiency of the adsorption process. The impact of
contact time on the adsorption of Acid Blue 25 was inves-
tigated at room temperature, while maintaining a constant
Acid Blue 25 dye concentration of 30 mg/L and an adsor-
bent dose of (0.15 g). The obtained results are shown in
Fig. 5a. It was observed that the adsorption of acid blue
dye onto SCB increased as the contact time increased.
After 90 min of contact time, a maximum adsorption of
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Fig. 4. Scanning electron micrograph of SCB.
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approximately 84% was achieved on the surface of SCB.
The initial stages of the adsorption process exhibited higher
efficiency as there were more vacant active sites [43-45].
However, as time passed, the number of empty sites on
SCB decreased, resulting in a decrease in the adsorption
rate. Based on these observations, time duration of 90 min
was determined as the optimal duration and was used for
subsequent experiments. Table 1 provides an interesting
comparison of Acid Blue 25 adsorption onto SCB with other
adsorbents reported in literature.

Adsorbent mass is a significant factor that is essen-
tial to the process of adsorption. The effect of SCB dose on
the removal of Acid Blue 25 dye was studied by maintain-

from wastewater at room temperature. It was illustrated by
changing initial concentration of dye from 10 to 150 mg/L
at room temperature maintaining other factors constant.
As shown in Fig. 5c, the percentage removal of Acid Blue
25 was reduced with increase in dye initial concentration. It
was attributed to saturation of active sites on the adsorbent
surface with increasing concentration of Acid Blue 25 in the
dye solution [43,48]. The adsorption capacity was higher

Table 1
Comparison of Acid Blue 25 adsorption onto SCB with other
adsorbents reported in the literature

ing all other experimental conditions constant in order to Adsorbents Removal of Acid References
observe the least dose that gives maximum adsorption and Blue 25 (%)
obtained results are given in Fig. 5b. The percentage of dye 1 Shoren dasvolll
removal was increased with increasing the SCB dosage from Base treated Shorea dasyphylla 98 [53]
0.01 to 0.3 g. It was removed to a maximum of 80.37% at ~ Sawdust
0.15 g at room temperature. It was associated to increase =~ Magnetic-SBA-15/CPAA 90 (54]
in number adsorption sites with the increase in amount Magnetic-SBA-15 58 [54]
of adsorbent as reported in our previous work [46,47]. Cross-linked PAA 69 [54]
It §h0wed that the optimized SCB dosage for removing Nano-porous functionalized ~ 88 [55]
Acid .Blue 25 dye was four}d to be 0.15 g . hydroxyapatite
Fig. 5c¢ indicates the influence of initial concentration Sugarcane bagasse (SCB) 84 This work
of Acid Blue 25 on the percentage removal of Acid Blue 25 & &
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Fig. 5. (a) Effect of time duration, (b) mass of adsorbent (SCB), (c) initial concentration of the Acid Blue 25 dye on the percentage

removal from wastewater.
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in low concentrations due to the availability of free active
sites as reported in our previous work [32,49].

Temperature plays a significant role in the removal
of dyes from wastewater. To investigate the effect of tem-
perature on the removal of Acid Blue 25 dye, an optimized
weight of 0.15 g of SCB was added to a 30 mL solution con-
taining 30 mg/L of the dye. The temperature was varied
from 283 to 328 K, while the mixture was shaken for dura-
tion of 90 min. The results of this experiment are presented
in Fig. 6a. It was observed that the percentage removal of
Acid Blue 25 dye increased from 74% to 82% with an increase
in temperature. This indicates that the adsorption of Acid
Blue 25 onto SCB was an endothermic process, in agree-
ment with previous studies [50,51].

The pH of medium plays a significant for adsorption of
dyes from wastewater. Fig. 6b indicates the influence of pH
on the percentage removal of Acid Blue 25 dye from waste-
water by using SCB at room temperature. It can be seen that
the removal of Acid Blue 25 from wastewater was decreased
with increase in pH of medium. At lower pH (pH = 1), the
SCB possess higher number of positively charged surfaces
which resulted to higher removal of Acid Blue 25 from
wastewater. It was associated to the electrostatic for attrac-
tion between positively charged SCB surfaces and negatively
charged dye molecules. With increase in pH of medium
from 2 to 9, the dye removal was declined due to decrease
in number of positively charged surfaces and enhancement
in number of negatively charged surfaces. It was due elec-
trostatic force of repulsion between SCB and Acid Blue 25
dye molecules in solution. The of zero-point charge pH_, . of
SCB was 4.20 as described [52].

ZPC

3.6. Adsorption kinetics
3.6.1. Non-linear adsorption kinetics
3.6.1.1. Linear pseudo-first-order model

The linearized form of the Lagergren pseudo-first-order
rate equation is represented as [56,57].

K.t
log(q, -q,) =logg, - —— )
100 &
90 4
S —1
= 804 ___-}-———"’[/
2
=
v
=4
704
60 T T T T T T
280 290 300 310 320 330
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where g, and g, is the adsorbed amount of dye at equilib-
rium and time ¢, respectively and K, (min™) is the rate con-
stant of pseudo-first-order adsorption model. For Acid
Blue 25 adsorption on SCB, the plot of log(g,—g,) vs. time
is denoted in Fig. 7a. Determined values of parameters
(K, & g,) are given in Table 2. The value correlation coefficient
(R? = 0.955) was smaller than unity. In addition, there was a
big difference between the values of experimental adsorp-
tion capacity (q,,,) and calculated adsorption capacity val-
ues (q,.,) Table 2. It suggested that the pseudo-first-order
model cannot explain the rate process.

3.6.1.2. Linear pseudo-second-order model

The linearized form of pseudo-second-order kinetic
model is represented as [57,58]

t 1 t
t_t t 2
a ka4, @

where k, (g/mgmin) is the rate constant of pseudo-sec-
ond-order model. Fig. 7b shows graphical representation
of pseudo-second-order model. Measured values of its
factors are given in Table 2. It can be seen that the experi-
mental adsorption capacity (5.10 mg/g) and calculated

Table 2
Measured linear kinetic
Acid Blue 25 onto SCB

parameters for adsorption of

Linear kinetic models Determined factors

qL’,CXp 5.10
Pseudo-first-order Do 1.048
K, 0.030
R? 0.955
q, 5.20
Pseudo-second-order k, 0.069
R? 0.999
k,: g/mg-min; q: mg/g; K : (min™)
100 @
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=
=
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W
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Fig. 6. (a) Effect of temperature and (b) effect of pH on the dye percentage removal from wastewater.
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Fig. 7. (a) Linear pseudo-first-order model and (b) linear pseudo-second-order model for Acid Blue 25 adsorption onto SCB from

wastewater.

adsorption capacity (5.20 mg/g) values are close to each
other (Table 2). Moreover, the value of correlation coefficient
(R* = 0.999) was close to unity representing that Acid Blue
25 adsorption fitted to pseudo-second-order model.

3.6.2. Non-linear adsorption kinetics

Non-linear pseudo-first-order and pseudo-second-or-
der models were utilized to demonstrate adsorption kinet-
ics for Acid Blue 25 adsorption onto SCB. Herein, IGOR
Pro 6.1.2, Wave Metrices software was used to determine
the values of adsorption kinetics endowments.

Non-linear pseudo-first-order model is shown as [48,59]:

aqQ,
dt

= kl (Qe - Qz) ©)

Non-linear pseudo-second-order model is expressed
as [48,59]:

ao, 3 A
i (0.-0) @

where Q (mg/g) indicates the quantity adsorbed at equi-
librium, Q, represents quantity adsorbed at “t”, time, K|
and k, (g/mgmin) indicate pseudo-first-order and pseudo-

second-order rate constants, ¢ (min) represents time.
Non-linear pseudo-first-order model is represented as:

Q =Q,(1-¢") ()
Non-linear pseudo-second-order model is denoted as:

k,Q*
Ql —_2=e (6)
1+k,Qt
The graphical representation of non-linear pseu-
do-first-order and pseudo-second-order kinetics models
are shown in Fig. 8. Determined values of experimentally

o ¢ o
*
sor /__"_‘_—;—/_
48— *
L 2
& a6l *
L X 4

4.4
4.2

] ] ] ] ] ]

20 40 60 80 100 120

time

Fig. 8. Non-linear plots of pseudo-first-order and pseudo-
second-order kinetics models for of Acid Blue 25 adsorption
onto SCB from wastewater.

Table 3
Measured non-linear kinetic parameters for adsorption of
Acid Blue 25 on sugarcane bagasse

Non-linear kinetic models Determined factors

q, 4.851
Pseudo-first-order K, 0.415
X2 0.707
q, 5.001
Pseudo-second-order k, 0.186
X2 0.315

measured constants and theoretical Q, values are given in
Table 3.

Chi-square test ‘x¥ was utilized to describe which
model supported the kinetic equations with best fit.

(@-2.,)

2 _ 7
K= 0. @)
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where Q (mg/g) represents equilibrium capacity deter-
mined utilizing experimental data and Q (mg/g) rep-
resents equilibrium capacity computed through model. The
values of “x* for these kinetic models are given in Table 3.
The comparison of model-derived data with experimen-
tal data represented that whether the data are similar in
this instance ‘x* would denote a limited number and vice
versa. To measure kinetic constants for pseudo-second-order
model is more trustworthy as demonstrated by the attained
lower “x¥ (non-linear) values.

3.7. Adsorption isotherms
3.7.1. Two parameters non-linear adsorption isotherms

Non-linear Freundlich, Langmuir, Dubinin—
Radushkevich (D-R), and Temkin isotherms were used to
investigate Acid Blue 25 adsorption on SCB. To perform
the non-linear regression analysis, Igor Pro. WaveMatrices
6.2.1 was employed [46,60]. To determine the most suitable
model for describing the adsorption of Acid Blue 25 onto
SCB, a statistical tool called the non-linear chi-square (x?)
analysis was applied.

Non-linear Langmuir isotherm is expressed as [57].

g, - 2hCe ®)
1+k,C,
where Q (mol/g) represents the Langmuir mono-layer
adsorption capability, while K, (L/mol) corresponds to the
Langmuir constant. Fig. 9 represents non-linear Langmuir
isotherm for Acid Blue 25 adsorption onto SCB from waste-
water. The values of its parameters are given in Table 4.
It was noted that non-linear Langmuir isotherm model
best described the Acid Blue 25 adsorption onto SCB from
wastewater as represented by lower chi-square value
(x*=2.057)
Non-linear Freundlich isotherm is shown as [46,57]:

7. =K, ©)
where n and K, are the parameters associated with the

Freundlich isotherm. Fig. 9 illustrates the Freundlich iso-
therm for the adsorption of Acid Blue 25 onto SCB from
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Fig. 9. Non-linear plots of Freundlich, Langmuir, Dubinin—
Radushkevich and Temkin isotherms for the adsorption of
Acid Blue 25 on SCB from wastewater.

wastewater, and the corresponding Freundlich parame-
ters can be found in Freundlich isotherm for Acid Blue 25
adsorption onto SCB from wastewater and attained values
of Freundlich endowments are given in Table 4. Non-
linear Freundlich isotherm followed Acid Blue 25 adsorp-
tion onto SCB as indicated by lower chi-square value
(2 = 7.556).

Non-linear Temkin adsorption isotherm is expressed as:

RT
qe = TIH(QTCe )

T

(10)

where R (J/mol'K) and T (K) indicate gas constant and abso-
lute temperature, respectively. b, and a, are attributed with
heat of adsorption and equilibrium binding constant cor-
responding to highest binding energy, respectively. Non-
linear Temkin adsorption isotherm is depicted in Fig. 9.
Determined values of b, and a, are given in Table 4. The chi-
square value represented that non-linear Temkin adsorp-
tion isotherm followed experimental data for Acid Blue 25
adsorption onto SCB from wastewater.
Non-linear D-R isotherm is expressed as:

9. =C,exp(-Be’) an
the Polanyi potential “&” is given as:
1
g= RTln(1+} (12)
CL’
where 3 shows mean adsorption energy in Eq. (6):
E=—1 (13)

N

Non-linear D-R isotherm for acid blue adsorption onto
SCB is shown in Fig. 9. For Acid Blue 25 adsorption onto SCB,
the attained value of mean adsorption energy (8.80 kJ/mol)
showed that it was chemical adsorption process [33,61].

Table 4
Determined endowments of two parameters non-linear iso-
therms

Two parameters non-linear Determined

adsorption isotherms factors

Langmuir isotherm Q, K, X2
0.539 2.146 2.057

Freundlich isotherm Kf n x>
0270 1.176 7.556

Temkin isotherm b, a, x>
1.198  3.636 1.814

Dubinin—-Radushkevich isotherm B Q, x>
0.0065 0.0028 9.302

E=8.80

Q,: mg/g; K: L/mol; Kf' mol/g; b kJ/mol; a;: L/mg; B: mol*/J%
C,:mg/g; E: kJ/mol
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3.7.2. Three parameters non-linear adsorption isotherms

Fig. 10 illustrates the application of three-parameter
isotherms (Toth, Hill, Redlich—Peterson, and Sips) for Acid
Blue 25 adsorption onto SCB from wastewater.

Non-linear Toth isotherm is represented as:

Q-—C (14)

‘ (a,+C, )1/:

where k,, T and a, denote Toth isotherm constants. Fig. 10
shows non-linear Toth isotherm for Acid Blue 25 adsorption
onto SCB. The smaller chi-square value (x* = 1.776) indi-
cated that Toth isotherm followed Acid Blue 25 adsorption
onto SCB. Measured Toth constants (k,, 2, and T) are given
in Table 5.

Non-linear Hill isotherm is represented as:

Qg — th:“ -
K, +C

(15)
where K, g, and n, are Hill isotherm constants. Non-linear
Hill isotherm plot is indicated in Fig. 10. Measured val-
ues of its parameters (K,, n,, and g,) are shown in Table 5.
Lower value of x> (6.289) represented that experimental
data followed Hill isotherm.

8o~ L‘""
<
2 e
g
o o ; ;
g ¢ 'Exp
£ - A — 'Redlich peterson’
8 “““““ - = 'Hilliso'
------ 'SIPS iso'
----- 'Toth iso’
=== 'Fritz-Shulnder"
| | |

40 60 80
Ce(moliL)10°

Fig. 10. Non-linear plots of Redlich-Peterson, Hill, Sips, Toth,
Fritz-Schlunder for the adsorption of Acid Blue 25 on SCB
from wastewater.

Table 5
Determined endowments of three parameters non-linear iso-
therms

Three parameters non-linear Determined

adsorption isotherms factors

Redlich-Peterson K A G x>
0.236 0.276 0934 1.776

Hill isotherm q, n, K, X
0.466 0.791 3.059 6.289

Toth isotherm k, a, T X2
1.494 0.083 0.137 2.012

Sips isotherm K B, a x>
0.171 0.806 -38.13 6.589

K:L/g a:L/g; q,: mg/g; K, (mg)"; k: mg/g
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Non-linear Redlich—Peterson isotherm is represented as:

— RP
¢ 8
1+a,,Ct

- KuC (16)

where K, a and g are the Redlich-Peterson’s isotherm
parameters. Non-linear Redlich-Peterson isotherm is indi-
cated in Fig. 10. Calculated Redlich-Peterson constants
(K, a and g) values are shown in Table 5. Smaller chi-square
value (x* = 1.776) indicated that experimental data for
Acid Blue 25 followed Redlich-Peterson isotherm.

Non-linear Sips isotherm is expressed as:

Cﬁ
Q =K —+aCl (17)

where K _and a_show Sips isotherm model constants whereas
B, indicates Sips isotherm exponent. Non-linear Sips iso-
therm plot is shown in Fig. 10. Determined values of its
parameters are given in Table 5. Results illustrated adsorp-
tion of Acid Blue 25 followed Sips isotherm model.

3.7.3. Four parameters non-linear adsorption isotherms

Non-linear Fritz-Schlunder isotherm is expressed as:

__AC
e 1+BC’

(18)

where g, represents the adsorbed amount at equilibrium
(mg/g), C, is the equilibrium concentration of the adsor-
bate (mg/L), and A and B are the Fritz-Schlunder parame-
ters. Additionally, ot and B are the Fritz-Schlunder equation
exponents.

The graphical representation of Fritz—Schlunder iso-
therm is shown in Fig. 10. Attained results showed that
Acid Blue 25 adsorption onto SCB followed Fritz-Schlunder
isotherm with lower chi-square value (x> = 6.299).

3.8. Adsorption thermodynamics

We illustrated adsorption thermodynamics of Acid
Blue 25 onto SCB by determining the change in Gibb’s free
energy (AG®), enthalpy (AH®) and entropy (AS°) by using
relationship:

_AS°AHP

InK (19)
¢ R RT
C
K ==2 20
=T (20)
AG® = AH® - TAS® (21)

where K, AG°, AH° and AS° are equilibrium constant,
change in Gibb’s free energy (kJ/mol), enthalpy (kJ/mol)
and entropy (J/mol'K), respectively. For Acid Blue 25
adsorption onto SCB, the graph of 1/T vs. InK_is shown in
Fig. 11. The positive value of entropy (AS° = 0.035 J/mol)
indicated the increase in randomness at adsorbate—adsor-
bent interface during Acid Blue 25 adsorption onto SCB from



H. Sarwar et al. | Desalination and Water Treatment 312 (2023) 247-257 255

18
16 |
14 | \0\
12 }

2 T
Eo0s8 |
06 |
04 |
02 |

0
0.003

0.0031 0.0032 0.0033

T

0.0034 0.0035 0.0036
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Fig. 12. % adsorption of Acid Blue 25 on sugarcane bagasse in
different cycles.

wastewater [62,63]. Likewise, the positive value of enthalpy
(AH® = 7.455 Kk]J/mol) indicated that Acid Blue 25 adsorption
onto SCB was endothermic process [59,62]. With the rise in
temperature, the decrease in Gibb’s free energy from -2.713
to —4.331 kJ/mol shows a decline in the feasibility of adsorp-
tion at elevated temperature [51]. In addition, its negative
value of Gibb’s free energy exhibited that the Acid Blue
25 adsorption onto SCB was spontaneous in nature [62,63].

3.9. Regeneration

To reveal the environmental application of the SCB
simultaneous removal of Acid Blue 25 dye was achieved in
a tap water sample by a batch process. Tap water was col-
lected from the Department of chemistry, Government Sadiq
College Women University, Bahawalpur, Pakistan. A stock
solution of dye was prepared in tap water and required con-
centration was obtained by further dilution. An optimum
amount of adsorbent 0.15 g of SCB and 30 mL of Acid Blue
25 dye was taken in culture tube placed on orbital shaker.
After this, the initial absorbance of the sample was cal-
culated. It was noted that the adsorption of Acid Blue 25
was 93.25%. These results indicated the good applicability

of SCB for dyes removal from water samples. The per-
centage adsorption of Acid Blue 25 dye is given in Fig. 12.

4. Conclusion

Herein, adsorption of Acid Blue 25 onto SCB from waste-
water at room temperature was evaluated. The percentage
removal of dye was increased with adsorbent dose, tem-
perature and contact time while declined with dye initial
concentration and pH. adsorption kinetics results exhib-
ited that adsorption of Acid Blue 25 onto SCB fitted to lin-
ear and non-linear pseudo-second-order kinetics because
the value of correlation coefficient (R? = 0.999) was close to
unity. Adsorption isotherm study results represented that
adsorption of Acid Blue 25 fitted to non-linear Langmuir
isotherm. In addition, adsorption of Acid Blue 25 was
chemical adsorption process. Adsorption thermodynam-
ics investigations represented that this was endothermic
and spontaneous process. These results indicated that the
SCB has great potential for removal of the Acid Blue 25 dye
from the wastewater.
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