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Abstract;

Chitosan beads (CTS) were prepared and studied in a batch mode operation for the
adsorption of Orange G (OG) dye from aqueous solution. Characterization of the surface
of CTS was achieved by using point of zero charge (pHp.c) method, Fourier transform
infrared spectroscopy, and scanning electron microscopy. The effect of parameters such
as adsorbent dosage (A: 0.02-0.06 g), pH (B: 4-10), time of contact (C: 5-45 min), and
temperature (D: 30-60°C) on the color removal of OG was investigated using response
surface methodology (RSM) based on Box—Behnken surface statistical design at an initial
OG concentration, Co = 100 mg/L as a fixed input parameter. Results revealed that the
highest removal (92.14 %) of OG dye was achieved by CTS at adsorbent dosage of 0.04g,
solution of pH 4, temperature of 60 °C, and time of 25 min. The adsorption process
followed the pseudo-second order (PSO) kinetic, and Freundlich isotherm models. The
maximum adsorption capacity of CTS composite for OG dye was recorded to be 416.67
mg/g at 60 °C. This work introduces CTS as an ideal composite adsorbent for removal of
textile dyes from the aqueous environment.

1. Introduction

adsorbent regeneration without generating harmful
by-products [7, 8]. Activated carbon offers superior

Wastewater from textile industries contains synthetic
dyes that are toxic, non-biodegradable, and
environmentally harmful [1, 2]. When released into
water bodies, these dyes block sunlight and reduce
oxygen levels, severely disrupting photosynthesis
and aquatic life [3]. Several physicochemical
methods, including advanced oxidation, coagulation,
membrane filtration, and photocatalytic degradation,
have been employed for dye removal [4-6]. Among
these, adsorption is recognized as a superior
technique due to its high efficiency, operational
simplicity, cost-effectiveness, and the potential for

dye adsorption capacity thanks to its porous structure
and high surface area, its high cost has prompted
research into low-cost, local biosorbents [9]. Among
various biosorbents, chitosan (CTS)—a linear
polysaccharide derived from the deacetylation of
chitin—has garnered significant research attention
[10]. Its appeal lies in its biodegradability, non-
toxicity, and biocompatibility, but most importantly,
its abundant amino (-NH,) and hydroxyl (-OH)
functional groups serve as highly effective active sites
for pollutant binding [11]. Physical modification of
chitosan into forms such as beads, films, or
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membranes is essential for improving its adsorptive
capacity. This process increases porosity and surface
area, allowing better access to internal binding sites
[12]. Additionally, it expands the polymer network,
enhancing the diffusion of large molecules and
reducing the polymer’s crystallinity [13]. Reactive
azo dyes, characterized by one or more azo bonds (-
N=N-) in their molecular structure, represent a large
and problematic class of these colored pollutants [14,
15]. Orange G (OG) dye is a common anionic azo dye
widely used in the textile industry. Its presence in
water streams is highly undesirable, necessitating
effective treatment before discharge [16].

Traditional optimization strategies, which rely on
varying one parameter while holding others constant,
are inherently limited in their ability to reveal the
combined effects of multiple variables [17]. To
overcome this, response surface methodology (RSM)
has been adopted as a powerful statistical tool. RSM
not only improves decolorization outcomes but also
significantly reduces experimental cost, time, and
variability by generating comprehensive data from a
limited number of runs [18]. Accordingly, this study
utilizes a three-level Box—Behnken design (BBD) to
develop chitosan beads (CTS) as an effective
biosorbent for reactive dye removal. The effect of
operational parameters such as adsorbent dosage,
time of contact, temperature, and pH of CTS beads
for the removal of OG dye was evaluated and
optimized. Orange G (OG) was chosen as a model
pollutant because it facilitates electrostatic interaction
between the polymer chain and the negatively
charged anionic dye.

2. Materials and Methods

2.1. Chemicals and materials

Chitosan (CTS) flakes (deacetylation =75%;
medium MW). Orange G dye (C,6H1oN>Na,0,S,,
MW: 452.37g/mol, Amax = 481 nm) were supplied
from Sigma-Aldrich. Hydrochloric acid (HCI.
37%), hydrogen peroxide (H202), sodium
hydroxide (NaOH), and acetic acid (CHsCOOH.
95%) were purchased from Merck (Germany).
All experiments of this research were performed
using ultrapure water. The molecular structure of
GO dye is shown in Fig. 1.

Figure 1. Molecular structure of Orange G (OG)
dye.

2.2. Preparations and characterization of CTS

The synthesis steps of CTS beads were carried out
based on our previous work with some
modifications[19, 20]. The 3grams of chitosan
flakes was dissolved in 100 mL of 5% acetic acid
solution. The viscous solution of chitosan was left
with vigorous stirring using a magnetic bar for 24
h until all the chitosan flakes were completely
dissolved. The beads were formed by dropping the
viscous chitosan solution using a 10 mL syringe
(TERUMO 10 cc/mL) into 500 mL of 1 M NaOH
solution, and the beads were left stirring for 24 h.
The beads were washed using distilled water and
dried for 24 h at room temperature; the sample
was dried inside an oven at 80° C for 24 h before
being ground into a constant particle size < 250
um. The scanning electron microscope and
Energy Dispersive X-ray (SEM-EDX) (SEM.
Zeiss Supra 40 VP. Germany) was carried out to
analyze the surface morphology of CTS before
and after OG dye adsorption. The zero point of
charge (pHyzc) of the CTS is determined according
to the method described in the literature [5].The
elemental composition of CTS was determined by
using CHNS-O Analyzer (Flash 2000. Organic
Elemental Analyzer. Thermo-scientific.
Netherlands). Fourier Transform Infrared (FTIR)
spectrometer (Cary 600 series. Agilent
technologies) was employed to identify the
functional groups of CTS before and after OG
adsorption.

2.3. Design of Experiments

RSM-BBD was applied for optimizing and
studying the impact of four adsorption key
factors such as adsorbent dose (A), time (B),
temperature (C), and solution pH (D) for the
OG dye adsorption onto CTS. The Design
Expert 12.0 (Stat-Ease. Minneapolis, USA)
software was used as a statistical tool for
designing the experiments and performing
statistical analysis. Table 1 presents the levels
of independent adsorption key factors applied
in BBD model. A second-order polynomial
model was utilized to estimate the OG dye
removal as presented in the following Eq. (1).

Y =B+ 21 Bixi + XS, B xf +

T X1 By xix + € €]
where: Y represents the objective for optimizing the
response. while k denotes the number of variables
being considered. The indices i and j are used to
represent the variable numbers. and S0 is the
constant coefficient. with $i and Bii representing the
linear and quadratic coefficients. respectively. The
term Bij refers to the interaction coefficient. and €
represents a random error. The values Xi and Xj
correspond to the response of OG dye removal and
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coded values for the independent factors (-1. 0. and
+1). In the equation. a positive sign implies that the
variables have a synergistic effect. whereas a
negative sign indicates that they have an antagonistic
effect.

Table 1. Codes and actual variables and their levels in BBD.

. Level 1 Level 2 |Level 3
Codes Variables -1) ) (+1)
A CTS dose () 0.02 0.04 0.06
B  |Contact time (min) 5 25 45
C Temperature (°C) 30 45 60
D Solution pH 4 7 10

To evaluate the precision of the model. the
researchers employed Analysis of Variance
(ANOVA) to examine the coefficients. The
ANOVA provided several parameters. including p-
value, F-value. determination coefficient (R?),
projected determination coefficient (R%y.q). adjusted
determination  coefficient (R%q), acceptable
precision. degree of freedom (Df), and standard
deviation (SD). The experimental data and model
precision were evaluated using these parameters
[21]. The researchers used a dependable second-
order quadratic model equation to predict the
optimal value and describe the interactions between
the elements. To find the optimal values of the
factors, they solved the regression equation.
evaluated the counter-response surface map, and set
limitations for the variable levels. To establish the
extreme values of the variables. preliminary tests
have been performed.

2.4. Batch Adsorption Study

The adsorption capacity of the CTS composite
for the removal of OG dye was investigated
using a batch system. A series of 250 mL
Erlenmeyer flasks containing 100 mL of dye
solution were employed, and a Box-Behnken
Design (BBD) experimental methodology was
applied to study the effects of key operational
parameters. These parameters included the
initial dye concentration (25-250 mg/L),
adsorbent dosage (0.02-0.06 g), contact time
(5-45 min), temperature (30-60 °C), and
solution pH (4-10), as detailed in Table 2.
Following the adsorption process, the
adsorbent was separated from the solution
either by centrifugation at 3400 rpm for 10
minutes. The residual dye concentration was
then determined using a UV-Vis
spectrophotometer (HACH DR 2800) at A max =
481 nm. The removal percentage (R. %) and the
equilibrium adsorption capacity (ge. mg/q)
were calculated by Egs. (2), and (3).

C0 - Ce
Co
\%
de = W(CO - Ce) (3)

R(%) = x 100 (2)

Table 2. Experimental matrix based on BBD
approach for designing experiments and the
corresponding response (OG removal).

. T . oG
Run gbscé}-gs) B('r;qri'r?;e C.('!'g)np D:pH | removal
(%)

1 0.04 25 45 7 74.12
2 0.02 45 45 7 43.75
3 0.04 45 45 4 91.71
4 0.04 45 30 7 32.29
5 0.04 25 45 7 79.25
6 0.04 25 60 10 25.88
7 0.04 25 45 7 79.27
8 0.04 5 45 10 36.97
9 0.06 25 60 7 87.83
10 0.04 5 60 7 28.2

11 0.04 25 45 7 73.19
12 0.04 25 60 4 92.14
13 0.04 5 45 4 61.19
14 0.06 25 45 10 63.88
15 0.02 25 30 7 44.07
16 0.04 25 45 7 72.82
17 0.02 5 45 7 30.82
18 0.02 25 45 10 22.43
19 0.04 25 30 10 20.12
20 0.06 25 30 7 44.45
21 0.02 25 45 4 60.94
22 0.04 45 45 10 325

23 0.06 25 45 4 88.1

24 0.04 5 30 7 19.1

25 0.06 5 45 7 70.79
26 0.04 45 60 7 81.64
27 0.02 25 60 7 26.21
28 0.04 25 30 4 64.47
29 0.06 45 45 7 89.93

3. Results and discussion
3.1. Characterization of CTS

FTIR analysis was conducted on CTS before
and after contact with OG dye solution, as
shown in Fig. 2a-b, respectively. In Fig. 2a, the
prominent peak at 3451 cm™ is assigned to —
OH and —NH groups. Asymmetric —CH,
stretching appears as a strong band at 2920
cm™1, Moreover, peaks at approximately 1381
cm™ and 1416 cm™ correspond to asymmetric
deformation of —-CHs; in the amide
group[22].The band at 1084 cm™ reflects the
skeletal vibrational stretch of C-O in the
polysaccharide structure [13].

After OG dye adsorption onto the CTS surface
(Fig. 2b), the amide bonds in chitosan exhibit
characteristic absorbance at 1650 cm™,
attributed to amide 1 (C=0) stretching.
Additional changes include the appearance of
an absorbance band at 1575 cm™, associated
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with interactions involving C—N and C-N-H
groups. The peak at 1416 cm™, corresponding
to C—H bond interactions due to amide IlI,
shows deformation after adsorption [23].
Moreover, the band at 1154 cmm™ indicates anti-
symmetric C-O-C stretching [24]. These
results meant that the CTS surface functional
groups were successfully involved in the
adsorption of OG dye.

|
Al 1]

Tmnsmittance ("

|hl

4000 50 L] 250 X0 1500 J X |

Wavenumber (cm’)

Figure. 2 FTIR spectra of (a) CTS and (b) CTS after
adsorption of OG dye.

The surface morphology of CHB before and after
OG dye adsorption is shown in Figs. 3a and 3b,
respectively. As observed in Fig. 3a, the surface of
CHB exhibits an irregular and heterogeneous
structure with well-distributed cavities of varying
sizes. These cavities provide favorable sites for
enhanced adsorption of OG dye. This is further
supported by Fig. 3b, which clearly shows a change
in the CTS surface following dye adsorption, as
evidenced by a denser morphology and a noticeable
reduction in visible cavities.

Figure. 3 SEM images of (a) CTS and (b) CTS after
OG dye adsorption.

3.2. ANOVA analysis and BBD model fitting

The statistical significance of the BBD model
was evaluated using analysis of variance (ANOVA).

Table 3 presents the ANOVA results for the second-
order response surface model. Model terms with Prob
> F values less than 0.0500 indicate statistical
significance under the selected experimental
conditions. For the response variable (OG removal
%), the significant model terms were identified as A,
B, C, D, AC, BD, B?, C2?, and D2. In contrast, the terms
AB, AD, BC, CD, and Az showed lower significance
and could be omitted to refine the model.
Accordingly, the reduced model is represented by the
following second-order polynomial equation (Eq.

(4)):

0G removal (%) = +75.73 + 18.06A + 10.39B +
9.78C — 21.39D + 15.31AC — 8,74BD —
12.97B% — 19.54C* — 7.79D*  (4)

The individual effect of the studied variables
including adsorbent dose (A), time (B), temperature
(C), and pH (D) and removal efficiency (%) was
investigated by perturbation plots as shown in Fig.
4.a. The steep curvature in the profile of factor A
(adsorbent dose) indicates that the removal process is
highly sensitive to this variable. Similarly, the
relatively sharp slope of factor C (temperature)
demonstrates a significant sensitivity to changes in
operating temperature. In contrast, the curve for
factor D (pH) exhibits a slow curvature, suggesting

that this factor has a slight effect on the response.

(@)

(b)

Figure. 4 (a) Perturbation plots for the removal of OG
using CTS, (b) plot of the relationship between the
theoretical and real values of OG dye.

From Fig. 4.a, it can be seen that the OG dye color
removal efficiency increases as the adsorbent dosage
increases, while it tends to decrease as the pH
increases. The goodness of fit of the model was also
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tested by the multiple correlation coefficients (R?). In
this case, the value of the multiple correlation
coefficients was 0.9487, which implied that this
regression is statistically significant. This can be
observed in Fig. 4.b by comparing the actual values
against the predicted responses by the model for the
percentage of OG dye removal. The value of
predicted multiple correlation coefficient (pred. R? =
0.7146) is in reasonable agreement with the value of
the adjusted multiple correlation coefficient (adj. R?
= 0.8974). This pattern confirms the absence of
systematic bias and validates the model's fit to the
experimental data. Furthermore, the close correlation
between actual and predicted removal efficiencies for
OG dye (Fig. 4b) underscores the model's accuracy
and predictive reliability [25].

3.3. Significant interactions

The significance of variable interactions was
evaluated using Table 3. A statistically significant
interaction was found between CTS dose (A) and
temperature (C), with a p-value of 0.0019, while other
variables (contact time at 25 min, pH ~4) were
simultaneously kept constant within the experimental
range.
Table 3. Analysis of variance (ANOVA) for OG
removal (%).

Source | SUmof | pg| Mean F p-value
Squares Square value
Model 16791,43 | 14 | 1199,39 | 18,50 | <0.0001
A-Dose 391541 | 1 | 391541 | 60,38 | <0.0001
B-Time 1296,88 | 1 | 1296,88 | 20,00 0,0005
C-Temp | 114856 | 1 | 114856 | 17,71 0,0009
D-pH 549424 | 1 | 5494,24 | 84,73 | <0.0001
AB 9,64 1 9,64 0,1487 0,7056
AC 937,58 1 937,58 14,46 0,0019
AD 51,05 1 51,05 0,7873 0,3899
BC 405,02 1 405,02 6,25 0,255
BD 306,08 1 306,08 4,72 0,0475
CD 120,01 1 120,01 1,85 0,1952
A? 248,57 1 248,57 3,83 0,0705
B2 1092,71 | 1 | 1092,71 | 16,85 0,0011
C? 2476,72 | 1 | 2476,72 | 38,20 | <0.0001
D? 394,55 1 394,55 6,08 0,0272
Residual 907,79 14 64,84
LaI(::Ii<tof 865,36 | 10 86,54 8,16 0,0289
Pure 42,43 4 10,61
Error
Cor Total | 17699,22 | 28

This interaction is visualized in the 3D response
surface plots in Fig. 5.a. Increasing the adsorbent
dose from 0.02 g to 0.06 g enhanced OG dye removal,
likely due to greater surface area and active sites.
Temperature, however, showed no significant effect
on removal, indicating an endothermic adsorption
process, which will be discussed in Section 3.7.

The interaction between contact time (B) and
solution pH (D) significantly affected OG dye
removal (p = 0.0475), with adsorbent dose (0.06 g)
and temperature (60°C) held constant. The 3D
response surface in Fig. 5b illustrates this interaction.
Reducing the pH from 4 to 10 increased dye removal
from 19.1% to 92.14 %. The pHp. of the CTS
composite was 7.5 (Fig. 5c¢), indicating a cationic
surface due to amino groups (-NH3™*). Below this pH,
the positively charged surface enhances anionic OG
dye adsorption via electrostatic attraction between -
NH;* and dye sulfonate groups (-SO3~), a mechanism
consistent with prior research [26]. Therefore, pH 4.0
was established as the optimal condition to exploit
this protonation-enhanced adsorption. as described by
Eq. (5).

R-NHs;* + OG-SOs = R-NH3"--- 03S--0G (5)

(a)

(<)

O pH|

Figure. 5 3D response surfaces plots of significant
interactions on color removal of OG dye: (a) for BC
interaction; (b) for AC interaction; whereas (c) pHpzc of
CTS.

3.4. Adsorption Study
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The influence of contact time on the adsorption of
OG dye onto the CTS surface was examined at
various initial dye concentrations (25 to 200 mg/L),
while maintaining constant conditions including an
adsorbent dose of 0.04 g/100 mL, solution pH 4, and
temperature of 60 °C. Fig. 6 illustrates the
adsorption capacity (qt, mg/g) of CTS over time for
each initial dye concentration. As shown, the
adsorption capacity increased from 56.13 to 153.38
mg/g as the initial OG concentration rose from 25 to
200 mg/L. This trend can be attributed to the
enhanced concentration gradient at higher dye
concentrations, which facilitates greater diffusion of
OG dye molecules into the internal pores of the
adsorbent and promotes their migration to active
adsorption sites [8, 27]

o 1 2amat
-

-
B e T ——

."..:

o
| /
: e g
1>
Q <0 <0 80

80 o0 120 o

at {mgig})

Time (min)

Figure. 6. Effect of the contact time on OG adsorption at
different initial concentrations by CTS (adsorbent dose =

0.04 g, temperature = 60 °C solution pH =4, and volume of

solution = 100 mL).
3.5 Adsorption Kinetics

To further elucidate the adsorption behavior and
underlying mechanism of OG dye onto the CTS
surface, the kinetic data were analyzed using two
commonly applied models: the pseudo-first-order
(PFO) and pseudo-second-order (PSO) Kkinetic
models [28, 29]. These models are essential for
understanding the rate-controlling steps and the
nature of the adsorption process, whether it involves
physical or chemical interactions. The nonlinear
expressions of the PFO and PSO models are given in
Egs. (6) and (7), respectively.

In(qe — q¢) = Inqe — Ky (6)

t_ 1 ,x -
qc 9K, g
where: g is the observed adsorption capacity at time
t, and ki and k; are the rate constants for PFO (min™)
and PSO (g.mg™.min), respectively.
The kinetic parameters for the adsorption of OG dye
onto the CTS surface are summarized in Table 4. As
shown, the pseudo-second-order (PSO) model
yielded Rz values closer to unity compared to the
pseudo-first-order (PFO) model.

Furthermore, upon comparison of the modeling
results, the PSO model demonstrated a better fit with
the experimental data, as the calculated adsorption
capacities (qge,cal) closely matched the experimental
values (Qeexp). This strong correlation suggests that
the adsorption of OG dye onto CTS primarily follows
a chemisorption mechanism [30].

Table 4. PFO and PSO kinetic parameters for OG dye
adsorption on CTS

Concentration
(mg/L)

Qeexp- (MQ/g) | 62.55 | 124.58 | 153.38 | 178.38 | 185.71

25 50 100 150 200

Ge cal 62.18 | 119.33 | 143.21 | 177.68 | 183.09

- | (Mmg/g)
8 kl. 0.4031 | 0.2073 | 0.0313 | 0.0274 | 0.2456
(1/min)
R? 0.999 0.997 0.973 0.999 0.999
QE cal
62.50 125.00 | 153.85 | 178.57 | 185.19
(mglg)
2 | o
(@) 0.952 0.610 0.454 2.509 0.164
(9/mg
min)
R? 0.996 0.999 0.999 0.998 0.991

3.6 Adsorption isotherms

The adsorption equilibrium data for OG dye on
CTS were modeled using three common isotherms:
Langmuir [31], Freundlich [32], and Temkin [33].
This analysis is crucial for understanding the
adsorbent-adsorbate interactions and for calculating
the  maximum  adsorption  capacity. The
corresponding non-linear equations for these models
are given in Egs. (8)—(10).

qmaxKLCe
= tmax—l e 8
=711k, ®)
1
e = I;FTCE /n (9)
@ = (5)mrC)  (10)

where: K. is the Langmuir constant (L.mg™), and max
is the maximum monolayer adsorption capacity (mg.
g?), K is the Freundlich constant (mg.g*.mg™".L*),
and n is the Freundlich constant related to adsorption
intensity, Kt is the Temkin constant (L.g%), br is the
equilibrium binding constant (J.mol?), R is the ideal
gas constant (8.314 J.molt.K?), and T is the absolute
temperature (K).

The plots of the non-linear forms of the studied
models are presented in Fig. 7, and their
corresponding values of isotherm parameters are
given in Table 5. It can be noticed from the (R? =
0.995) that the Langmuir model obviously shows the
best fitting for the isotherm data, suggesting the
uniform monolayer adsorption of OG molecules
occurs on the CTS surface [34]. The gmax for the CTS
was calculated to 416.67 mg/g (see Table 5) based on
the Langmuir model.
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Table 5. Parameters of the Langmuir, Freundlich and
Temkin isotherm models for OG dye adsorption
on CTS at 60 °C.

A_dsorptlon Parameter Value
isotherm
Omax (MQ/Q) 416.67
Langmuir Ka (L/mg) 0.026
R?2 0.984
K (ma/g) 32.97
. (L/mg)*n
Freundlich n 516
R2 0.99
Kt (L/mg) 0.465
Temkin br (J/mol) 34.68
R?2 0.946
120 4
100 /
80 +
\§ 60 ® Experimental
ot ——— Langmuir
s Freundlich
40 4 = Temkin
20
Y] T T T T T T T T
0 5 10 15 20 25 30 35 40
Ce(mgl/l)

Figure. 7. Adsorption isotherms of OG by CTS
(adsorbent dose = 0.04 g, solution pH =4, temperature
=60 °C, and volume of solution = 100 mL).

The comparison of the adsorption capacity of CTS
with other adsorbents used for OG adsorption is
shown in Table 6. As recorded in Table 6, CTS
introduces itself as a promising and efficient
adsorbent for the color removal of reactive dyes from
contaminated water.

Table 6. Comparison of the adsorption capacities of OG
dye by various adsorbents.

Adsorbents Gmx References
(mg/g)

Chitosan (CTS) 41667 | Present
work

Alumina nanoparticle 93.3 [35]

Chitosan/activated

carbon/polyaniline 112 [36]

(AC@chitosan@PANI)

Zinc oxide activated

carbon (ZnO-AC) 15338 [37]

Montmorillonite modified

with CTAB 167 [38]

Cross-linked chitosan-

glutaraldehyde 206.65 [39]

Activated Bentonite -

CTAB 102.80 [40]

3.7. Adsorption thermodynamics

The thermodynamics of OG dye adsorption on the
CTS surface were investigated to determine the
process feasibility, spontaneity, and the level of
disorder at the adsorbent-adsorbate interface. The
standard Gibbs free energy change (AG®), enthalpy
change (AH°), and entropy change (AS°) were

determined according to Egs. (11)—(13) [41, 42].
AS°  AH°

In ]Q(d = T — E (11)
ka =1 (12)
AG® = —RT Ink, (13)

The values of AH® and AS° were determined from
the slope and intercept, respectively, of the van’t
Hoff plot (In Kq vs. 1/T), as presented in Fig. 8

T
D.0oMM0 0.cO318 0,000 0.0032s 0.00330

Figure. 8. Van 't Hoff plot for OG by CTS (adsorbent dose
= 0.06 g. solution pH =4. temperature = 45 °C. and
volume of solution = 100 mL).

From the results presented in Table 7, the negative
AG® values validates that the adsorption of OG dye
onto the CTS was a spontaneous and favorable
process [43]. The positive value of AS® points the
increasing in irregularity during OG dye adsorption
on the CTS surface. Whereas the positive value of
AHP reflects that the OG dye adsorption process was
endothermic in nature. Moreover, the increasing in
adsorption capacity of CTS at high temperature can
be attributed to the effect of temperature on the
internal structure of the CTS, thus facilitate faster
diffusion of OG dye molecules into the CTS's

interspaces structure [8, 44].

Table 7. Thermodynamic parameters for the adsorption of
OG dye on CTS

T(K) Ln AG° AH° AS°(kJ/mol
Kq (kJ/mol) | (kJ/mol) | K)

303,15 | -0.14 -7.20
313.15 | 0.806 -8.50 44.31 0.168
318.15 | 1.752 | -10.61
333.15 | 2.699 | -10.93

4. Conclusions

In this work, chitosan powder was converted into
beads form and successful study was completed for
the adsorption of OG dye from aqueous solution.
The optimum experimental conditions for OG dye
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by BBD-RSM were recorded at solution pH 4, CTS
dose (0.04 g/L), and time (25 min). The results
indicate that the highest OG dye removal (92.14 %)
were observed at the following significant
interactions: AC (CTS dose xtemperature) and BD
(timexpH ). The desirable adsorption capacity of
416.67 mg/g for OG dye by CTS was obtained at
60 °C. The equilibrium and kinetics data exposed
that the OG dye adsorption was chemisorption and
monolayer on the surface of CTS. Thermodynamics
calculation denotes that the adsorption process was
spontaneous and endothermic in nature. This work
elucidates that CTS composite has great potential
as a low-cost and effective adsorbent for the
organic dyes removal and water/wastewater.
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