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ABSTRACT

In this study, coconut shell (CS), coconut shell carbonized (CSC), acid coconut
shell carbonized (ACSC), base coconut shell carbonized (BCSC) finally
coconut shell carbonized impregnation by nickel (II) oxide (CSC/NiO)
nanocomposite, investigated to remove ciprofloxacin (CIP) from an aqueous
solution. Optimization of adsorption conditions: initial CIP concentration, pH,
adsorbent dose and contact time were studied and found to have a significant
effect on CIP removal. The morphological and chemical characteristics of the
adsorbents were established by Fourier Transform Infrared (FTIR), X-Ray
diffraction (XRD), The Scanning Electron Microscopy (SEM) and Energy
Dispersive X-Ray (EDX). The adsorption kinetic study shows the CIP
adsorption onto adsorbents follow the pseudo-second order, the values of K,
ge and R? in the range (0.254-9.529) gug'min!, (0.016-0.300) mgg™' and
(0.706-0.980) respectively at three different temperature 298 K, 308 K and 318
K. The Freundlich isotherm model adsorption data were applied and the value
of Kr, nr and R? in the range (3.056-3.694) mg g, (1.379-1.720) and (0.886-
0.999) respectively. The experimental data found to be suitable linearity with
Langmuir isotherm the value of Ki, Crn and R? in the range (0.011-0.180) L
mg !, (10000-166667) ng g ' and (0.760-0.980) respectively. The negative
values of AG® (—18.47 to —23.74) kJ mol™ and positive value of each of AH®
and AS° in the range (0.131 to 0.228) kJ mol™ and (0.992 to 1) kJ mol'K"!
were indicating the adsorption of CIP on to adsorbents was a spontaneous and
endothermic process.
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1.Introduction

Presence of antibiotics in the environment
especially in aquatic ones is considered a major
concern. These antibiotics are used to improve
the health of human and livestock and to raise
the growth in fish and livestock
farms(Samarghandi et al., 2019)Antibiotics
posing adverse effects on aquatic ecosystems,
the most often absorbed pollutants include
medications, antibiotics and contaminated water
sources, which have recently drawn a lot of
attention. (Azizi, 2021). The most common
classification of antibiotics is based on their
mode of action, which includes fluoroquinolones,
quinolones, B-lactams, sulfonamides,
monobactams, carbapenems and
aminoglycosides.  Quinolones  (ciprofloxacin,
levofloxacin, ofloxacin and norfloxacin) are
broad-spectrum antibiotics that are widely
prescribed (de llurdoz et al., 2022). CIP stands in
the first of antibiotics prescribed in this group, a
second-generation fluoroquinolone antibiotic, it
has a fluorine atom at position 6 in the quinolone
group to target most gram-negative and some
gram-positive bacteria (Falyouna et al., 2022).
CIP prevents the replication of bacteria (caused
by Gram-negative and Gram-positive), its wide
consumption as a broad spectrum drug and the
biodegradation resistance (Igwegbe et al., 2021).
CIP has a high solubility in aqueous media and
high sustainability in soil and effluent systems at
different pH conditions (Jiang et al., 2013). CIP
removable from aqueous solution done by
several physicochemical processes such as
ozonation (Alsager et al., 2018), photocatalytic
processes (Hassani et al.,, 2018), adsorption
(Malakootian et al., 2018), electro-Fenton,
electrocoagulation (Yahya et al.,, 2014) and
magnetic nanomaterials (Chang et al., 2021).

CS which is one of the most biomass wastes:
husk, frond, fiber and pulp (Ayrilmis et al., 2011).
It is regarded that CS is one of the ideal raw
materials with natural structure for preparing
porous materials and low ash content (Yahya et
al., 2015). CS widely used for removal of a
variety water pollutants because of abundant
functional groups and high specific surface area
(Su et al.,, 2003). Many modification methods
have been evaluated to improve the adsorption
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capacity of CS such as thermal treatment,
chemical functionalization, hetero-atom doping
and composites with metal (hydro) oxides
(Kusmierek et al., 2017). There are many recent
publications about the effect of carbonization or
activation temperature during the preparation of
adsorbents on adsorption (Chen et al., 2020).
The adsorption characteristics of a carbon-based
adsorbent are known to be dependent not only
on the surface area but also on the functional
groups and the properties of graphitic structures
(Zhu et al.,, 2021). Since the adsorption of
organic compounds on them is largely attributed
to electrostatic attraction, hydrophobic interaction
and electron donor-acceptor interactions (Peng
et al., 2016, Zheng et al., 2021). The enhanced
adsorptive capacity with physical modification
and chemical activation enhances the surface
area due to the shorter activation time and lower
activation energy of functionalized porous
carbons in the presence of an alkaline or acid
activation agent (Panahi et al., 2020). Pseudo-
second-order and Langmuir equations were
applied to the adsorption process under the
optimized conditions, the maximum absorption
capacity in modified cellulose of Pb?" was
58.3 mg/g. (lbrahim et al., 2024).The Langmuir
isotherm model, second-order reaction and
thermodynamic  characteristic adsorption
process was an endothermic spontaneous
process (Sharef et al., 2023) The resultant was
characterized by FTIR, UV-Vis, XRD and SEM
devices. The pseudo-second-order  and
Freundlich equations was applied to the
adsorption process (lbrahim and Fakhre, 2019).
The adsorption parameters, such as pH,
adsorbent dose, contact time, initial metal ion
concentration and temperature were optimized.
The regeneration of the adsorbents depends on
the type and concentration of the regenerating
solution. (Fakhre and Ibrahim, 2018)

The efficiency of modified coconut shell
biosorbents for promoting economic and
environmental viability in purifying contaminants
such as antibiotic drugs in environment. The high
level of consumption of antibiotics in both human
and veterinary cause a risk to the food chain and
water bodies which affect the living organisms.
Water and wastewater treatment impotent to
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resume healthy live so in this study modified
coconut shell prepared to obtain effectively
remove CIP from an aqueous solution. The
adsorbents were characterized regarding their
pore structure and surface properties. This study
investigated the potential of modified coconut
shell for CIP removal from aqueous solutions
using batch adsorption experiments. The CIP
adsorption process parameters such as initial
CIP concentration, pH, adsorbent dosage and
contact time were optimized employing response
surface methodology. Adsorption  kinetics,
isotherm and thermodynamic studies were
conducted to describe the removal mechanism
and nature of CIP adsorption with modified
coconut shell. Furthermore, an adsorbent reuse
and recycle test was conducted for four
consecutive CIP adsorption-desorption cycles.

2. Materials and Methods

2. 1. Chemicals and equipments

Materials used in this research: antibiotics CIP
from Quinolone groups of antibiotics were
selected for adsorption studies. 97.5%
Ciprofloxacin hydrochloride (Copran, Ajanta-
India). Boric acid (H3BOs3) 99% from (BDH),
Sodium chloride (NaCl) and methanol (99%
purity) was purchased from (TEDIA-USA),
Sulfuric acid (98%, Sp.gr.1.84) from (Barcelona-
Spain) and Nickel (ll)nitrate hexahydrate [Ni
(NO3)2.6H20] were purchased from (BDH).
sodium hydroxide pellets [NaOH] were acquired
from (Sigma-Aldrich, Germany). All chemicals
and reagents were locally acquired and used
without further purification.

The study used various instruments to analyze
the including a UV-Visible spectrophotometer, a
pH meter, XRD patterns, FTIR spectra, SEM and
EDX pictures.

2.2 Adsorbat

Ciprofloxacin hydrochloride, also known as 1-
cyclopropyl-6-fluoro-4-oxo-7-piperazin-1-yl-
quinoline-3carboxylic acid, is a quinolone with a
molecular weight of 367.8 gm/mol and a pKa
value is 8.76 (Azizi, 2021). The value of pH
around (3-4.5). The structures of the studied
antibiotic were represented in Figure 1.

A 1000 mgl' aqueous stock solution of CIP was
prepared, refrigerated and diluted to various
concentrations. Calibration curves were detected
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at 273 nm (Jiang et al., 2013).

WY
K/N N
| , HCI
F CO,H
0
Figure 1 The chemical structure of ciprofloxacin
hydrochloride

2.3 Adsorbents

2.3.1 Modified Coconut Shell

CS were cleaned, air dried, crushed, sieved,

heated, soaked and sealed to prevent moisture

resorption and ensuring a broad surface area for

dehydration (Namasivayam et al., 2001).

CSC obtained by take 100 grams of the selected

fraction from CS and then carbonized at 600°C

for 1 h. (Aljeboree et al., 2015).

ACSC obtained by impregnated CS with 0.2 M

H2SO4 for 24 hours, washing with deionized

water, drying at 110°C and activating at 600°C for

1 hour (Baig et al., 2020).

BCSC done by dispersing CS in 0.2 M KOH for

24 hours, washing, dried at 110°C finally

activated at 600°C for 1 hour (Baig et al., 2020).

The CSC/NiO nanocomposite was synthesized

using the chemical precipitation method. The

process involved dissolving Ni (Il) ) in deionized

water, adding powdered CS mixing with sodium

hydroxide, filtered, dried and activated at 600 "C

for 1 hour

(Patra et al., 2018).

2.3.2 The physical and

chemical properties of modified coconut

shell

The physical and chemical properties of modified

coconut shell adsorbents shown in table 1.

Table 1 The physical and chemical properties
of modified coconut shell adsorbents.

No | Types of | Moister | pH EC | TDS
adsorbents | content NS | mg
% L7
1 |CS 1.573 |5.49 693 | 413
2 [ CSC 1.21 11.68 | 740 | 445
3 | ACSC 1.29 7.72 380 | 226
4 | BCSC 2.06 11.724 | 423 | 757
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The Zero Charge Point (pHezc) is determined by
solid addition method for the modified coconut
shell adsorbents. The value of pHpzc ranged
between (7.2- 7.4) the significance of pHezc is
that a given adsorbent surface will have a
positive charge at solution pH values less than
the pHrezc and thus be a surface on which anions
may adsorb. On the other hand, that adsorbent
surface will have a negative charge at solution
pH values greater than the pHrezc and thus be a
surface on which cations may adsorb (Sousa
Neto et al., 2012).
24. Batch
procedures
The batch adsorption of CIP from an aqueous
solution at 298 K was determined using the
optimal standard batch equilibrium technique.
Adsorptions of CIP onto various adsorbents were
investigated based on starting concentration, pH,
dosage and contact duration. UV-vis
spectrophotometer measurements were used to
study the impact of adsorbent quantity and
absorbance at 273 nm. The process was
replicated at 308 K, 318 K, and the findings were
calculated using the following equation (Rumman
et al., 2021).

Adsorptions Experiment

, (1)
9. =(C,=C)s

V
q, _(Co _Ct)W
c C

o

< x100
C

o

(2)
3)

The equilibrium  adsorption capacity is
represented by ge (mg g'), Co and Ce are initial
and equilibrium CIP concentrations (mg L)
respectively. V is the volume of the solution (L)
and W is the dry weight of the adsorbent (g).
While the value of adsorption at time t qt(mg g™).
In order to get values from the CIP, the
measurements were taken in triplicates and then
the mean values were calculated and used for
further analysis.

3. Result and discussion

3.1. Characterization of Adsorbents

The FTIR spectra in Figure 2 shows the modified
coconut shell adsorbents CS and CSC (a) before

Removal % =
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adsorption (b) after CIP adsorption for the bands
at 3383.14, (3153.61-3759.26) cm ' and
(2312.65 -2980.02) cm ' due to O-H stretching,
C=0 stretching and C-H vibrations of aliphatic
hydrocarbons. The C-H peaks indicate carbonyl
groups (Sun et al., 2005).

The band refer to —NO stretch of nitrogen
containing compound and -CO stretch of
carbonyl compounds was observed at around
1354.03 cm', and 1398.39 cm™', while the band
(1222.87-1267.23) cm™', and (1232.51-1265.30)
cm'. The band positioned at 1174.65 cm™,
1161.15 cm™, and 1107cm™ refer to C-C
stretching. The band positioned at (1031.92-
1070.49) cm™', 1026.13cm'refer to —CN stretch
of aliphatic amines. The observed band at
(960.55-983.70) cm', and 950.91 cm refers to
B-glycolic linkages. The band (812.03-873) cm’
refers to ring stretching or may be originates from
the N-H, and ring stretching (Zhang et al., 2002)
The FTIR spectra in Figure 2 of the adsorbent
ACSC shows that the band at (3032.10-3836.42)
cm’, 2981.95-2086.98) cm™', due to the O-H
stretching, C-H of aliphatic
hydrocarbons.1703.14 cm, (1604.77-1665.92)
cm’, 1585.49 cm™, 1354.03 cm, (1222.67-
1267.23)cm™" could be attributed to primary and
secondary amide or C=0O group, C=C bonds,
either isolated or conjugated, which is related to
the presence of carbonyl groups or aromatic
rings, N-H deforming, C=C bending, and C-N
stretching, CHs in the NHCOCHs group, and
acetates stretching, or nitrate (NO2) symmetric
stretching, and acetyl groups in hemicelluloses
vibration respectively. The observed band at
1174.65cm™', 1070.49cm™", it was as a result of
the stretching of the C-O stretching, or C-C. The
observed band at1070.49cm', 983.70 cm™,
812.03 cm™, (630.72-673.16)cm™!, (532.35-
599.86) cm-', (482.20-499.56)cm™", excite in both
before adsorption processes was attributed to
the vibration C-O stretching, stretching of C-H, O-
O, and B-glucosidic linkages between the sugar
units in hemicelluloses and cellulose, N-H, and
ring stretching, SOs group, and halogenated
compounds stretching respectively(Zhang et al.,
2002)

The FTIR spectra of BCSC in Figure 2 shows
that the bands at 3365.78cm™', and (2088.91-
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2978.09) cm-', due to the O-H stretching, C-H of
aliphatic hydrocarbons respectively. The bands
at 1982.82cm" 1703.14 cm', (1604.77-1665.92)
cm', 1585.49 cm', 1500.62cm™!, 1354.03 cm™,
(1222.67-1267.23)cm™ could be attributed to
primary and secondary amide or C=0O group,
C=C bonds, either isolated or conjugated, which
is related to the presence of carbonyl groups or
aromatic rings, N-H deforming, C=C bending,
and C-N stretching, CHs in the NHCOCHs3 group,

and acetates stretching, or nitrate (NO2)
symmetric stretching, and acetyl groups in
hemicelluloses vibration respectively. The

observed band at 1174.65cm™', 1070.49cm™, it
was as a result of the stretching of the C-O
stretching, or C-C. The observed band
at1070.49cm', 981.77 cm-, (812.03-873.75)cm"
1, 775.38cm™, 663.51cm™", (516.92-572.86) cm™",
(466.77-478.35)cm™', excite in both before
adsorption processes was attributed to the
vibration C-O stretching, stretching of C-H, O-O,
N-H, and ring stretching, SOs group and
halogenated compounds stretching respectively
(Zhang et al., 2002).

The FTIR spectrum of the (CSC/NiO)
nanocomposite in Figure 2 shows that the bands
at around (3118.90-3934.78)cm™", 2945.30cm’,
(2872.01-2879.72)cm™, 2503.60cm-', 2362.8cm-
1 and (2113.99-2289.50)cm™' due to the O-H
stretching, C-H of aliphatic hydrocarbons.
1982.82cm',(1608.63-1693.50)cm™", 1589.34cm-

ZJPAS (2025), 37(3);44-61

1,1408.04cm",(1224.80-1282.66)cm™,(1172.72-
1176.58)cm! , 1076.28cm™", could be attributed
to primary and secondary amide or C=0 group,
C=C bonds, either isolated or conjugated, which
is related to the presence of carbonyl groups or
aromatic rings, N-H deforming, C=C bending,
and C-N stretching, CHs in the NHCOCH:s group,
and acetates stretching, or nitrate (NO2)
symmetric stretching, and acetyl groups in
hemicelluloses vibration respectively (1608.63-
1693.50)cm™'  were attributed to the C=C
stretching either isolated or conjugated, C-N, O-
H deformation mode of the water molecule, or
carbonyl groups stretching before adsorption. —
N=N- stretching, —C—N- stretching ,-C-O, C-C
stretching , acetyl groups in hemicelluloses,—
S=0- stretching , C—H in-plane bending vibration
of the benzene ring appeared before and after
adsorption. The observed band at (916.19-
985.62)cm™!,  (813.96-871.82)cm™',  (702.09-
777.31)cm™, 663.51cm™, (530.42-563.21)cm™,
478.35cm™ indicative of the stretching of O-O,
C-H, N-H, and ring stretching (Wang et al.,
2020).

The adsorbents' positions affected the intensity
of C-C and C-O bands, indicating high
temperature reaction. Adsorption peaks at
2289.50cm™ and 530.42 cm™ were observed
indicating —OH, C-H, C-O, C= O, and Ni-O
groups involved in CIP removal (Peng et al.,
2018, Sun et al., 2005, Zhang et al., 2002)
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Figure 2: FTIR spectrum of adsorbents (a) before adsorption (b) after adsorption for CIP respectively.

The XRD diffractogram in Figure 3 shows peaks
before and after adsorption for CIP in various
adsorbents with magnetite peaks at 22° and
cubic Ni-O crystallites at 78° respectively
indicating their crystalline composition (Al-
Musawi et al.,, 2021). Scherrer's formula
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accurately calculated average diameter values of
metal oxide nanoparticles ranging from 20-40 nm
demonstrating excellent accuracy in creating
adsorbents with a pristine crystalline structure
(Al-Musawi et al., 2021).
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Figure 3 XRD diffractogram adsorbents (a) before (b) after adsorption process for CIP respectively.

The SEM micrographs

in Figure 4 shows

modified coconut shell adsorbents before and
after CIP adsorptions. The adsorbents have a flat

shape with semi-porous surface homogeneity

with good grain distribution. After treatment they
become rough due to cubic nanoparticles. The
porous surface structures offer a strong chance
for CIP adsorption (Falyouna et al., 2022).

CS

Figure 4 SEM micrographs of adsorbents (a) before (b ) after adsorption processes for CIP

respectively.

— CSC

ACSC

The EDX results in Figure 5 indicate successful
synthesis of the CSC/NiO nanocomposite with surface
adsorbents with an average size of 34 nm, indicating

BCSC

CSC/NiO

the successful adsorption of CIP (Wakejo et al.,

2022).

Cs

CSC
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Weight % 1

BCSC

CSC/NiO

Weight % 1

Figure 5 EDX micrographs of adsorbents (a) before (b) after adsorption for CIP respectively with gold
coatings for surface microporous structure analysis.

3.2. Effect of initial concentration:

Figure 6 (a) demonstrates the effectiveness of
adsorption on modified coconut shell adsorbents,
using different initial concentrations of CIP. The
ge values were 71.34, 75.41, 78.71, 82.25 and
84.65 mg g respectively, indicating that the
goodness of adsorbent to adsorb CIP in aqueous
solution (Bhagat et al., 2020).

3.3. Effect of pH.

Figure 6 (b) demonstrate the effect of pH on the
modified coconut shell adsorbents to adsorb CIP.
The CIP can exist in three forms: mono-cationic
at pH 6, zwitterion at pH 6-9 and anionic at pH 9.
At pH 7 CIP reached the highest efficiency. The
percentages of adsorbed CIP for initial
concentration 10 mgL-! were 66.81%, 71.06%,
77.33%, 80.60% and 85.34% respectively. The
interaction through adsorbent surface likely
involve complexation or hydrogen bonding and
electrostatically with the CIP (Pei et al., 2010).
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3.4. Effect of Dosage

Figure 6 (c) demonstrates the effect of adsorbent
dosage on the removal of CIP from aqueous
solution. The percentages of adsorbed CIP were
49.68%, 52.90%, 54.99%, 58.06% and 60.31%
respectively. The percentage of adsorbed CIP
was found to be higher at higher dosages with
removal remaining constant until the adsorbent
and CIP reach equilibrium (Hoang et al., 2020).
3.5. Effect of contact time

Figure 6 (d) demonstrates the effect of contact
time on the adsorption of CIP on various
modified coconut shell adsorbents. The
adsorption process reached equilibrium gradually
due to the occupancy of active sites. The
percentages of adsorbed CIP were 53.38%,
54.99%, 57.29%, 60.74% and 62.60%
respectively. The initial quick adsorption was due
to the large number of sites on the adsorbents
surface but as the number decreased the
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adsorption rate stabilized (Aljeboree et al., 2017).
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Figure 6 Effect of (a) initial concentration (b ) pH, ( ¢ ) dosage and ( d ) contact time for a removal
efficiency for CIP (at the initial concentration of 10 mg L', contact time of 160 min and dosage (0.01g,

pH 7) by adsorbents at the 298 K.

3.5. Adsorption Kinetic Study

The kinetic study of CIP adsorption onto
modified coconut shell adsorbents at different
temperatures 298 K, 308 K and 318 K were
analyzed by using kinetic models which is
common to use in solid liquid adsorption process:
the pseudo-first-order equation (Rahdar et al.,
2019a), pseudo second - order equation (Dube
et al., 2018) and Elovich kinetic models (Ashiq et
al., 2019) as written in following equations.

Pseudo first-order; log(g, —g,)=1o —klt
seudo first-order; 10g(q, —¢, gq, 5303
(4)
t 1 t
Pseudo  second-order; —=—+t—
qt que qe
(5)
1 1
Elovich; q :—ln(aﬁ)+_h1t
t ,B ﬂ
(6)
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Figure 7 (a) and table 2,3 and 4 shows the
adsorption of CIP at different temperatures and
concentrations, determining the pseudo first
order rate constant (k1) and ge and R? values.
The experimental results differed from the
calculated values, indicating that the adsorption
process does not follow first order kinetics
(Wakejo et al., 2022, Rahdar et al., 2019a).
Figure 7 (b) and table 2.3 and 4 demonstrated
the second order rate constant (k2) and ge values
were determined from a plot. The linearity of the
plot and alignment of experimental and
calculated qe values were crucial for applying
second order kinetics to the analyzed data (Dube
et al., 2018).

The Figure 7 (c) shows The Elovich kinetic model
constants, a and B are used to plot the initial
adsorption rate and adsorption by adsorbents.
The values for a, B, and R?ranged from 1.061 to
4.695 mg g™' min™', 0.065 to 2.346 g mg™’, and
0.725 to 0.993, respectively (Ashiq et al., 2019).



Saeed & Shariff

ZJPAS (2025), 37(3);44-61

(a) (b)
0.000 3000.000
0.200 S 100 2500.000
— 0400 ; +CS 2000.000 mCSC
E,: 0.600 3 BCSC .. 1500000 CSC-NiO
o 0.800 S 1000.000
- -
D -1.000 ACSC 500.000 *CS
= 1.200 BCSC 0.000 o ACSC
1.400 CSC-Ni 500.000 50 100 BCSC
1,600 ] 1000.000
Time (mins) Time (min)
c I
(C)
8
61 . . ettt  +CS
54 mCSC
5 ACSC
0 BCSC
25 3 3.5 4 4.5 CSC-NIO
Int

Figure 7 (a) Pseudo first order kinetic, (b) Pseudo second order kinetic and (c) Elovich model for the
adsorption for CIP using adsorbents at 298 K.
Table 2 Pseudo (first, second) order the rate constants and Elovich for the adsorption on CIP on

adsorbents at 298K.
Q Pseudo first order rate Pseudo second order rate Elovich
- =
-;E_ Tk qemg | Kz, £ qe mg | . A,,mg B g| ,
) R ng R g R
i min” | & min’! g min™ me’
3 0.009 | 2.487 | 0.933 | 0.833 0.062 0.951 | 1.461 | 0.144 | 0.970
5 0.007 | 1.023 | 0.965 | 0.294 0.169 0932 | 2.168 | 0.297 | 0.935
10 0.008 | 1.008 | 0.954 | 0.273 0.187 0.937 | 1.171 | 0.304 | 0.921
81 0.008 | 2.259 | 0.886 | 0.144 0.300 0.861 | 1.231 | 0.558 | 0.725
3 0.008 | 1.822 | 0979 | 0.518 0.090 0.885 | 1.785 | 0.161 | 0.969
5 0.007 | 1.665 | 0.979 | 0.370 0.133 0916 | 1.489 | 0.186 | 0.983
0 10 0.008 | 1.358 | 0.997 | 0.371 0.133 0917 | 1.134 | 0.226 | 0.986
%)
Ol 15 0.007 | 1.328 | 0.995 | 0.392 0.124 0.918 | 1.066 | 0.227 | 0.973
3 0.011 | 1.465 | 0.933 | 0.769 0.050 0.802 | 2.851 | 0.180 | 0.937
5 0.007 | 1.639 | 0.931 | 0.404 0.124 0.883 | 1.296 | 0.182 | 0.935
S| 10 0.007 | 1.320 | 0.965 | 0.349 0.139 0901 | 1.117 | 0.218 | 0.932
% 15 0.007 | 1.282 | 0.936 | 0.314 0.154 0.882 | 1.063 | 0.208 | 0.890
3 0.009 | 1.873 | 0.961 | 0.628 0.078 0.939 | 2.890 | 0.180 | 0.930
5 0.009 | 1.517 | 0.996 | 0.552 0.083 0907 | 1415 | 0215 | 0.984
O 10 0.008 | 1.475 | 0.991 | 0.428 0.119 0.938 | 1.117 | 0.221 | 0.981
Al 15 0.008 | 1.417 | 0.995 | 0.414 0.119 0928 | 1.073 | 0.225 | 0.979
3 0.020 | 1.216 | 0.901 | 4.356 0.008 0.706 | 1.606 | 0.431 | 0.988
o 5 0.019 | 1.289 | 0.924 | 3.372 0.010 0.718 | 1.279 | 0.165 | 0.990
ZT 10 0.013 | 1.031 | 0.999 | 1.306 0.030 0.840 | 1.094 | 0.181 | 0.997
% 15 0.010 | 1.024 | 0.945 | 0.802 0.059 0925 | 1.061 | 0.201 | 0.953
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Table 3 Pseudo (first, second) order the rate constants and Elovich, for adsorption of CIP on

adsorbents at 308K.
9 Pseudo first order rate Pseudo second order rate Elovich
= =
E Tk qemg | Kzl £ Q. mg | A,lmg B g| _,
5 min?! | g! R He g! R & mg! R
< min™ min™’
3 0.009 | 1.776 | 0.978 | 0.619 0.074 | 0.909 | 2.256 | 0.171 | 0.924
5 0.010 | 1.351 | 0.983 | 0.548 0.078 | 0.877 | 1.608 | 0.218 | 0.947
10 0.009 | 1.330 | 0.993 | 0.455 0.099 | 0.898 | 1.126 | 0.230 | 0.970
(15 0.008 | 1.351 | 0.996 | 0.391 0.124 | 0.915 | 1.070 | 0.226 | 0.975
3 0.005 | 3.720 | 0.887 | 0.824 0.084 | 0.973 | 1.255 | 0.082 | 0.943
5 0.008 | 1.600 | 0.970 | 0.456 0.113 0.949 | 1.768 | 0.200 | 0.945
ol 10 0.007 | 1.483 | 0.854 | 0.384 0.176 | 0.973 | 1.195 | 0.244 | 0.954
wn
Ol 15 0.007 | 1.064 | 0.990 | 0.261 0.207 | 0.934 | 1.106 | 0.298 | 0.996
3 0.005 | 3.590 | 0.933 | 0.603 0.116 | 0.969 | 1.186 | 0.065 | 0.840
5 0.005 | 3.107 | 0.957 | 0.694 0.082 0.915 | 1.111 | 0.083 | 0.937
S| 10 0.004 | 2.262 | 0.889 | 0.465 0.169 | 0.980 | 1.061 | 0.123 | 0.941
% 15 0.005 | 2.001 | 0.950 | 0.398 0.179 | 0.974 | 1.042 | 0.135 | 0.956
3 0.011 | 1.720 | 0.961 | 0.867 0.046 | 0.843 | 3.060 | 0.159 | 0.907
5 0.009 | 1.530 | 0.962 | 0.523 0.090 | 0.926 | 1.464 | 0.202 | 0.925
O 10 0.007 | 1.555 | 0.915 | 0.401 0.148 | 0.969 | 1.117 | 0.210 | 0.940
Al 15 0.007 | 1.397 | 0.918 | 0.369 0.160 | 0.968 | 1.082 | 0.242 | 0.964
3 0.010 | 15.03 | 0.913 | 6.022 0.009 | 0.959 | 1.050 | 0.026 | 0.968
s 5 0.014 | 2.824 | 0.935 | 2.374 0.016 | 0.806 | 1.072 | 0.087 | 0.866
ZT 10 0.013 | 2.143 | 0.952 | 1.325 0.033 0.925 | 1.095 | 0.174 | 0.967
%’j 15 0.008 | 1.660 | 0.989 | 9.521 0.105 | 0.903 | 1.071 | 0.178 | 0.970

Table 4 Pseudo (first, second) order the rate constants and Elovich for the adsorption of CIP on

adsorbents at 318K.
Q Pseudo first order rate Pseudo second order rate Elovich
E ? K q. mg e qc mg A me B g
E min’! g! R ng' g! R g mg! R
< min™ min!
3 0.007 | 2.535 | 0.964 | 0.655 0.086 0966 | 1.733 | 0.130 | 0.975
5 0.008 | 1.510 | 0.938 | 0.446 0.123 0964 | 2.174 | 0.232 | 0.974
10 0.006 | 1.287 | 0.989 | 0.275 0.204 0931 | 1.141 | 0.214 | 0.962
8 15 0.006 | 1.232 | 0.997 | 0.259 0.238 0.960 | 1.096 | 0.229 | 0.980
3 0.008 | 3.263 | 0.948 | 0.935 0.052 0921 | 1.383 | 0.088 | 0.873
5 0.007 | 1.889 | 0.889 | 0.510 0.119 0970 | 1.818 | 0.182 | 0.946
o) 10 0.007 | 1.237 | 0.995 | 0.333 0.149 0915 | 1.221 | 0.244 | 0.973
)
Q15 0.007 | 1.134 | 0.976 | 0.303 0.160 0.893 | 1.102 | 0.254 | 0.953
3 0.008 | 1.772 | 0.988 | 0.655 0.080 0.947 | 2.928 | 0.144 | 0.997
5 0.007 | 2.499 | 0.993 | 0.528 0.098 0931 | 1.367 | 0.170 | 0.999
$| 10 0.007 | 5.078 | 0.988 | 0.493 0.122 0968 | 1.102 | 0.185 | 0.961
% 15 0.007 | 9.954 | 0975 | 0.411 0.122 0.927 | 1.101 | 0.283 | 0.852
3 0.009 | 1.899 | 0.992 | 0.650 0.069 0.893 | 4.695 | 0.161 | 0.965
o 5 0.008 | 1.906 | 0.979 | 0.520 0.095 0905 | 1.391 | 0.165 | 0.982
Al 10 0.007 | 1.637 | 0.974 | 0.405 0.142 0958 | 1.122 | 0.205 | 0.993
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15 0.006 | 1.393 | 0.993 | 0.327

0.161 0.922 | 1.072 | 0.207 | 0.974

0.016 | 1.837 | 0.876 | 2.082

0.019 0.890 | 1.081 | 0.179 | 0.928

0.008 | 1.300 | 0.983 | 0.930

0.043 0.873 | 1.336 | 1.097 | 0.927

10 0.014 | 1.233 | 0976 | 0.374

0.139 0949 | 1.132 | 1.095 | 0.854

CSC-NiO

15 0.004 | 1.309 | 0.996 | 0.246

0.286 0.963 | 1.220 | 2.346 | 0.954

3.6. Adsorption Isotherm Study.

To examine the interactions between CIP and
various modified coconut shell adsorbents at
different temperatures 298K, 308K and 318K
using the Freundlich isotherm model (Rahdar et
al.,, 2019b), Langmuir (Dhiman and Sharma,
2019) and Temkin (Zhang et al., 2019), to
evaluate the equilibrium CIP adsorption isotherm
using those following Equations.

m%zm@+lmg

Freundlich;
n
(7)
L N Ce _— 1 CE
angmuir — =T
Qe KLqe qm
(8)
Rl
1+K,C,
9)
Temkin; g, =K, +£InC,
(10)

The Figure 8 (a) and table 5,6 and 7 shows the
Freundlich constant Kr, nF and R? values for CIP
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loaded on an adsorbent, revealing their values
within the range of 3.05-3.694 mgg™', 1.379-
1.720 and 0.886-0.990 respectively.

Figure 8 (b) and table 5,6 and 7 shows the
Langmuir isotherm for the adsorption of CIP on
the adsorbents. It involves a linear relationship
between the equilibrium concentrations of CIP,
the amount of CIP adsorbed per unit mass of
adsorbent. The results shows that CIP
adsorption follows the Langmuir isotherm at
different temperatures. The best match for CIP
adsorption is the monolayer of CIP molecules on
the adsorbent surface.

Figure 8 (c) and table 5,6 and 7 shows the
Temkin equilibrium binding constants Kr and .
Values of Kr, B and R? ranged between 2.074-
4.726 L g™', 2144-11680 J mol~" and 0.918-0.999
with Temkin isotherm parameters recorded at
different temperatures (298, 308, and 318) K.
The Adsorption process of CIP was governed by
the specific adsorption sites and by a complex
process including ion exchange, surface
precipitation, surface complexation and physical
Biosorption due to Van der Waals force. External
diffusion and internal diffusion or transport into
the adsorbent particle, finally adsorption to reach
saturation.
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Figure 8 (a) Freundlich, (b ) Langmuir and ( ¢ ) Temkin model, for an adsorption of the CIP using
adsorbents at 298 K
Table 5 parameters of Adsorption Isotherm for the different models Freundlich, Temkin and Langmuir

Table 6 parameters of Adsorption Isotherm for the models Freundlich, Temkin and Langmuir for CIP

for CIP using adsorbents at 298 K.

5 | Parameter | CS CSC | ACSC | BCSC | CSC-NiO
g i
= | Ke(mgg") | 3.056 | 3.159 | 3.132 | 3.145 | 3.532
o
=]
% ng 1379 | 1527 | 1.500 | 1.615 | 1.555
&
R? 0.961 | 0.886 | 0.992 | 0.988 | 0.971
~ | Ku(Lmg') | 009 | 0143 | 0.113 | 0.011 | 0.088
&
cé Cu(pgg") | 12500 | 10000 | 11111 | 12500 | 14286
£
T IR 0.526 | 0.412 | 0.471 | 0.897 | 0.533
R? 0.845 | 0.864 | 0.899 | 0.827 | 0.871
= | Krdgh 1494 | 2910 | 2.112 | 2.042 | 1.452
2
5 | B mol® | 2253 | 2144 | 11250 | 2381 | 2603
R? 0.964 | 0.999 | 0.944 | 0.920 | 0.989

using adsorbents at 308 K.
5 J parameter CS CSC ACSC | BCSC | CSC-NiO
g !
E Kr(mg/g) 3.175 3.241 | 3.157 3.230 3.608
1=
E ng 1.54 1455 | 1.436 1.618 1.646
5
R? 0.930 0.906 | 0.990 0.988 0.973
= K. (L mg™") | 0.130 0.160 | 0.114 0.150 0.133
&
“E Cu(pgg?) | 11111 | 12500 | 12500 | 11111 | 12500
=)
= RL 0.435 0.385 | 0.467 0.400 0.429
R? 0.934 0.861 0.858 0.878 0.980
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= Kr(gh 2.751 3.300 | 2.074 | 3.531 2.676

E

E- B (J mol™) 2231 | 2603 11680 | 2285 2453
R? 0.971 0.977 | 0934 | 0.952 | 0.983

Table 7 the parameters of Adsorption Isotherm for the models Temkin, Freundlich and Langmuir for
CIP using adsorbents at 318 K.

5 J parameter CS CSC ACSC | BCSC | CSC-NiO
g
E Kr(mgg") | 3.260 3.313 | 3.270 | 3.275 | 3.694
=
E ng 1.40 1.045 | 1.698 | 1.637 | 1.720
§
R? 0.971 0.957 | 0.988 | 0.993 | 0.955
e Ky (L mg") | 0.120 0.175 | 0.180 | 0.180 | 0.160
og Cu(pgg") | 16667 | 14285 | 11111 | 11111 | 12500
£
= Ry 0.455 0.364 | 0.357 | 0.357 | 0.385
R? 0.760 0.939 | 0.894 | 0.928 | 0.926
g Kr(gh 2.823 3.936 | 4.726 | 4.429 | 4.044
E' B (J mol™) 2955 | 2947 | 11098 | 2368 2502
R? 0.918 0971 | 0.928 | 0.950 | 0.963

3.7. Thermodynamic Study of Adsorption:
The thermodynamic study was conducted on the
removal of CIP by various adsorbents, assessing
Gibbs free energy change (AG®, enthalpy
change (AH° and entropy change (AS°) using
Van't Hoff equation (Balarak et al., 2021).

AG® =-RTInK,

(11)
AS° AH’
LnK = -
o= Tp Trr (12)
Where: T, R and Ko are absolute temperature,
universal gas constant and equilibrium
ZANCO Journal of Pure and Applied Sciences 2025
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thermodynamic constant respectively. Table 8
and Figure 9 demonstrated the values of Ko, Ea,
AG°, AH°, AS° and R? ranged from 1955-7914,
18.95-51.77 kJ mol', -18.47 to -23.74 kJ mol™,
18.95-49.29 kJ mol', 0.131-0.228 kJ mol' K,
0.992-1 respectively. The AH° positive value
meant the endothermic nature process. When
CIP ions were adsorbed onto all adsorbents, the
AS° positive value showed an increase in
unpredictability at the solid/solution interface.
The processes were spontaneous and AG° was
going to have a negative value as the
temperature rose.
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Figure 9 Variation of the In K, with the 1/T of adsorption of CIP on adsorbents.

Table 8 Changes in free energy, standard enthalpy and standard entropy for adsorption for CIP on

the adsorbents at three different temperatures.

T/ K Parameter CS CSC ACSC BCSC CSC-NiO
K, 1955 3438 2823 3306 2967
289 AG
(kJ mol™) -18.47 -19.85 -19.37 -19.75 -19.49
K, 3565 5277 3757 4388 5720
AG
309 (kJ mol™) -20.95 -21.96 -21.09 -21.49 -22.17
K, 6831 7914 4854 5342 4380
AG
318 (kJ mol™) -23.35 -23.74 -22.45 -22.70 -22.18
AH (kJ mol™) 49.29 32.88 21.37 18.95 25.94
AS (kJ mol! K) 0.228 0.178 0.138 0.131 0.154
Ea (kJ mol™) 51.77 35.36 23.85 21.43 28.42
R? 0.998 1 1 0.993 0.992

4. Conclusions

Water and wastewater treatment is impotent to
resume life so: the adsorbents in this study; CS,
CSC, ACSC, BCSC and CSC/NiO
nanocomposite, examined to extract CIP from a
water-based solution. The findings showed that
adsorbents are 20-25 nm in size and have a
crystalline structure. The FTIR, XRD, SEM and
EDX characterization data show that CIP was
successfully adsorbed onto the adsorbents. The
pseudo second-order Langmuir  equation
matches the maximum adsorption capacity and
isotherm data rather well. The endothermic and
spontaneous processes were validated by the
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thermodynamic parameters. In four successive
cycles, the adsorbents regeneration
demonstrated a high elimination of CIP from the
aqueous solution.
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