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Abstract

This study examined the use of Kigelia Africana peel-activated carbon (KAP-AC) to remove ciprofloxacin (CIP) from aque-
ous solutions. To investigate the adsorption capacity, isotherm, and kinetic parameters of the adsorption process, batch
adsorption experiments were conducted to test the effects of adsorbent dosage, time, pH, initial concentration of CIP,
and temperature. The binding mechanism among KAP-AC and CIP was investigated using FTIR, XRD, and SEM. Models
of the Langmuir adsorption isotherm (LAl), Freundlich adsorption isotherm (FAI), and Temkin adsorption isotherm (TAl)
helped to clarify the adsorption process. Adsorption experiments were carried out to explain kinetic studies, such as the
pseudo-first-order kinetic model (PFO-KM), pseudo-second-order kinetic model (PSO-KM), and intraparticle diffusion
kinetic model (IPD-KM). The experimental results may be more accurately described by the FAl and PFO-KM. Addition-
ally, response surface methodology (RSM), which is based on Box-Behnken (BB) surface statistical design, was used to
investigate the impact of variables on the adsorption of CIP. Higher coefficients of correlation and p-value values, by
BB design, were in excellent adaption with the ideal combination of process variables, indicating the suitability of the
selected model for assessing the experimental data.
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Abbreviations

KAP-AC Kigelia Africana peel-activated carbon
cIp Ciprofloxacin

FTIR Fourier Transform Infrared Spectroscopy
XRD X-Ray diffraction

SEM Scanning electron microscope

LAI Langmuir adsorption isotherm

FAI Freundlich adsorption isotherm

TAI Temkin adsorption isotherm
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PFO-KM  Pseudo-first-order kinetic model
PSO-KM  Pseudo-second-order kinetic model
IPD-KM Intraparticle diffusion kinetic model

RSM Response surface methodology
BBD Box-Behnken design

IC Initial concentration

AD Adsorbent dose

WWT Wastewater treatment

1 Introduction

The quality of water resources has been completely degraded by population growth as well as the increasing production
and consumption of newly developing contaminants. Both the quantity and variety of these dangerous contaminants,
as well as the associated issues, are growing. In humans, they can result in enzymatic, hormonal, and genetic diseases.
Numerous newly discovered contaminants have been documented in recent studies, and their metabolites have been
found in aqueous media [1]. Pharmaceutical effluents containing antibiotics have lately drawn a lot of interest due to
their possible side effects and the extensive usage of antibiotics. Antibiotic medication residues have grown to be a
gravely neglected issue, even though the harm caused by antibiotics is not as obvious as that of other environmental
pollutants [2].

Environmental antibiotic contamination poses a serious risk to human health worldwide. Among the latest genera-
tion of artificial fluoroquinolones, ciprofloxacin (CIP) is the most commonly used antibiotic globally [3]. Because CIP can
remain in the surroundings, it has been extensively researched in aquatic environments. This contamination leaves behind
residues in a variety of biological substrates as standard wastewater treatment (WWT) facilities are unable to eliminate
it. This pollutant has been attenuated using a variety of cutting-edge WWT, but it is still reactive in surroundings [4, 5].
Photocatalysis [6, 7], advanced oxidation [8], biological degradation [9], and adsorption [10] are some of the methods
used to degrade or remove antibiotics. Because of its outstanding efficacy and cost-effectiveness, adsorption is one of
the most widely used techniques in developing nations [1]. As a result, there is a substantial rise in the use of inexpensive
adsorbents derived from natural resources or waste from agriculture, with natural soils, mineral clays, and metal oxides
drawing a lot of attention from scientific bodies [11, 12].

The adsorption efficacy of powdered AC magnetized by iron (lll) oxide magnetic nanoparticles for the removal of CIP
was thoroughly investigated. Using cutting-edge methods, iron (lll) oxide magnetic nanoparticle-magnetized powdered
AC was first created and manufactured by the co-precipitation method. It was then put through a characterization
analysis. Subsequently, the iron (lll) oxide magnetic nanoparticle-magnetized powdered AC’s adsorption capacity for
CIP was assessed at various initial CIP concentrations, pH values, amounts of powdered AC, shaking rates, contact times,
and temperatures. At pH 7, dose=1 g/L, agitation speed =200 rpm, starting CIP concentration=100 mg/L, interac-
tion time =60 min, and temperature =298 K, the adsorbent demonstrated an outstanding adsorption capability for CIP
109.833 mg/g [13].

The innovative biomaterials made from banyan tree root systems via straightforward thermochemical treatment have
a CIP capacity for adsorption. The ideal pH value of 8 and the appropriate absorbent dose of 0.03 g were discovered
through the adsorption studies. The experiment’s optimum capacity for adsorption was 99.27 mg/g, whereas the physi-
cally processed banyan root system showed a capacity for adsorption of 103.44% and a saturation adsorption capacity
of 86.58 mg/g [14]. An environmentally acceptable agricultural waste called banana stem AC was made, and its ability
to absorb the antibiotic CIP from the aqueous medium was studied [15]. CIP adsorption devices are made on Prosopis
juliflora wood-derived acid AC. For CIP, the maximal Langmuir adsorption capacity was 250 mg/g [16].

To examine the adsorption characteristics of CIP on altered thermally activated kaolin, an integration of experimental
and theoretical studies was conducted. CIP may be removed by adsorption up to 89.43% [17]. The adsorption of CIP in
a static environment onto Verde-lodo bentonite clay that has been calcined. A maximum Langmuir removal capacity of
114.4 mg/qg at 25 °C, and after heat treatment at 500 °C, clay showed significant reuse capacity. Clay’s excellent removal
capacity and regeneration potential make it a viable tactic to reduce newly developing pollutants found in wastewater
[18]. A unique adsorbent for removing CIP from synthetic effluent was pistachio shell powder loaded with zinc oxide nan-
oparticles. More data fit the Langmuir isotherm model than the Freundlich model. The highest absorption of 129.1 mg/g
was attained at pH 7, 100 mL of CIP solution, 0.1 g of adsorbent, 150 rpm, and 87 um of particle size at 25 °C[19].
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This study examined the use of KAP-AC as an adsorbent in the removal of CIP from aqueous solutions. Additionally,
FTIR, XRD, and SEM analyses were carried out to elucidate the mechanism of interaction between KAP-AC and CIP. The
effects of solution pH, contact duration, adsorbent quantity, and temperature factors were examined in adsorption
studies. The models for Temkin, Freundlich, and Langmuir isotherms were employed to assess the results. Furthermore,
kinetic models were established as a consequence of the data acquired. The impact of variables with solution pH, con-
tact duration, the amount of adsorbent, temperature, and the starting concentration of CIP on achieving the maximum
removal rate of CIP was examined using the Box-Behnken experimental design approach.

2 Materials and methods
2.1 Chemicals

Sigma Aldrich supplied analytical-quality ciprofloxacin (CIP) (= 98%) with MM of 331.34 g/mol and water solubility of
1.70 g/L, oleic acid (= 99%), and other reagent chemicals (> 98%). Working standards were followed in the dilution of the
compounds. The properties of CIP are given in Table 1. By adding 0.05 N NaOH and 0.05 N HNO; to the stock solution, pH
(AMAR digital and portable pH meter) is kept constant. African Kigelia fruit was gathered at Kanchipuram, Tamil Nadu.
Double-distilled (DI) water was used to prepare the solution and all of the experimental methods.

2.2 Preparation of Kigelia Africana peel-activated carbon (KAP-AC)

The fruit’s outer skin is painstakingly removed and sliced into tiny pieces. After being washed, the peel pieces were
exposed to the sun to eliminate any remaining contaminants for a day. To eliminate the moisture content, the peels were
placed in a hot air oven set at 110 °C for four hours. The adsorbent material is treated with oleic acid at a 1:2 ratio and
mixed evenly for 24 h at 34 °C after the moisture content is removed. To prepare for activation, the chemically treated
adsorbent material is dried and filtered. After that, the dehydrated fruit peel is heated to 400 °C for 45 min in a muffle
furnace. The activated carbon was cleaned with a NaOH (0.05 N) solution to adjust the pH. The filtered activated carbon
is once again stored in a hot air oven at 110 °C for 2 h after the pH has been adjusted. The produced activated carbon is
gathered and packed in an airtight plastic bag once it has dried.

2.3 Characterization of Kigelia Africana peel-activated carbon (KAP-AC)

A variety of techniques were used to analyze the sample characterization. The field emission scanning electron micro-
scope (FE-SEM) was employed to examine the surface morphology of KAP-AC. After being produced and dried, the
adsorbent material was applied to the sample stub using an accelerating voltage of 20 kV. The Fourier-transform infra-
red (FTIR) spectrum was captured using a Perkin Elmer Spectra. It utilized the attenuated total reflectance approach for
wavelengths of 400-4000 cm™'. X-ray diffraction (XRD) was employed to analyze the structural and crystal phase of the
adsorbent material, using a high-performance diffractometer operating at 40 kV and 40 mA. A scanning rate of 2° min™’
was used to set the angle 26 between 3° and 80°.

Table 1 Properties of CIP

Property Values
Chemical formula C;7H;gFN;04
Molecular weight 331.34 g/mol
LowK,, a 0.28

Water solubility 1.70 g/L
Biological half life 35h
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Table 2 Different types of LAl FAI TAl
isotherms used Ciprofloxacin
removal by KA-MAC Equation K 1 _RT
a 9e = m 9 = KFCe/n de = b—rln(atce)
Parameters dpm (Mg/g)-maximum chemisorption Ke ((mg/g) (L/mg)"™)-reun- K, b,and
capacity at the saturation system, dlich constant value aisotherm
K, (L/mg).-Langmuir constant value n-Freundlich exponential constants
Reference [20] [21] [22]
Table 3 Different types of PFO-KM PSO-KM IPD-KM
kinetics used Ciprofloxacin
removal by KA-MAC Equation a = q. (1 — ekt gkt q, = C + K;t05
t e ¢ = Trakt t 3
Parameters K, (1/min)-First order K, g. (mg min)~'-second K; (mg g~" min=%%)-intraparticle dif-
sorption rate con- order sorption rate fusion rate constant of the kinetic
stant constant model
References  [23] [24] [25]

2.4 Adsorption studies

The effects of temperature (45° to 75 °C), contact duration (20-120 min), solution pH (2-10), and solid/liquid ratio of
KAP-AC (2.5-5 g/L) on CIP adsorption were studied using an initial concentration (IC) of CIP solution (50-120 mg/L).
In all adsorption experiments, 100 ml of CIP solution were introduced to 150-ml Erlenmeyer flasks. The CIP-KAP-AC
solution was shaken at 120 rpm for 120 min. To assess the impact of solution pH, 0.05 N HNO; or 0.05 N NaOH solution
was added, and shaking solutions with pH adjustments were performed until the system reached equilibrium. The
starting and final concentrations (FC) of CIP left in the solutions were determined using a UV-visible spectropho-
tometer (JASCO-V670) set to maximum absorbance at Amax =276 nm. The adsorption and removal capacities were
computed using the following equations.

(CO) - (Ce)
(Co)

% CIP removal = x 100 (M

xV (2)

where, C45-IC of CIP (mg/L), Ce—FC of CIP (mg/L), w- mass of KAP-AC (g), V- volume of solution (mL), g.- quantity of CIP
uptake on unit mass basis of the KAP-AC under equilibrium conditions (mg/g).

2.5 Adsorption isotherm

100 mL of a 40-200 mg/L CIP solution was stirred with KAP-AC at 120 rpm to find the adsorption isotherms. Various
isotherm models, including LAI, FAI, and TAI, were employed to elucidate adsorption investigations and identify iso-
therm behavior. The formulas in Table 2 can be used to calculate these models. FAl acknowledges that multiple-layer
adsorption takes place on the adsorbent, but LAl only recognizes single-layer adsorption. In contrast to a logarithmic
decline in adsorption heat, TAl is expected to have a linear drop.

2.6 Adsorption kinetics

100 mL of a 40-200 mg/L CIP solution was stirred with KAP-AC at 120 rpm to find the adsorption kinetics. The mecha-
nism behind the adsorption procedures and adsorption behavior is explained by adsorption kinetics. Adsorption tests
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Table 4 Independent - -
Coded val Unit Low (-1 High (+1
variables for Box Behnken oded value n ow 1) igh 1)
Design and its level A (pH) _ 2 12
B (IC of CIP) ppm 40 200
C (Time) min 20 120
D (Temperature) oC 45 85
E (Adsorbent dose) g/L 1 5
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were conducted using PFO-KM, PSO-KM, and IPD-KM at various concentrations to explain the kinetic investigations.
The formulas in Table 3 can be used to calculate these models.

2.7 Box-Behnken experimental design

Response surface methodology (RSM) is an effective combination of statistical and mathematical methods for process
optimization, which makes it appropriate for investigating both the complex and relative interactions between different
components [26]. CIP elimination was optimized using a factorial trial methodology. Box Behnken Design (BBD), one of
the few RSM design techniques, to examine the distinct and intricate effects of process factors on CIP removal was used
[27]. The optimal performance for a response surface methodology issue with five components is achieved by the BBD.
Adsorbent dosage, pH, CIP’s IC, time, and temperature were selected as the study’s variables. The variables included
three levels: high (1), low (- 1), and the following factors: A (pH), B (IC of CIP), C (time), D (temperature), and E (adsorbent
dosage). The temperature, pH, time, IC of CIP, and amount of adsorbent were chosen as the independent factors, while
the effectiveness of CIP removal (%) was the response variable. A detailed summary of the independent variables for CIP
elimination, together with their respective experimental ranges and three levels, is given in Table 4. To perform the BBD,
we used Stat-Ease software (Design-Expert 13.0) to run 46 tests, containing 6 centered points.

3 Results and discussion

3.1 Characterization of Kigelia Africana peel-activated carbon (KAP-AC)

It was observed that several functional groups present on the surface of KAP-AC were elucidated using FTIR analysis.
Figure 1 shows the FTIR spectra of the KAP-AC adsorbent material. The spectra of KAP-AC are analyzed within the wave-
length range between 400 and 4000 cm™. From the spectrum-impinged figure, peaks were observed in the range of

599 cm', indicating the presence of the C-I alkyl halides group. The spectra obtained at 1098 cm™ attribute the pres-
ence of cellulose and lignin. This was observed because of the use of alcohol in cleaning the adsorbent material. Peaks
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Fig.2 a FESEM image of KAP-AC before adsorption; b FESEM image of KAP-AC after adsorption

Fig. 3 XRD analysis of KAP-AC 3000 -
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are observed between 1098 and 1621 cm’', representing the C = C aromatic groups. The next peak was observed at
the wavelength of 1621 cm™, indicating the C = O lignin group. The adsorption peak at 2024 cm™ is associated with the
presence of C=C alkyne group. The broad streak peak at 2918 cm™ and 3399 cm™' corresponds to C-H and OH stretch of
cellulose and alcohol. This was observed because of the use of alcohol in cleaning the adsorbent material. The adsorption
band observed at 3744 cm™ was assigned to be water.

The FESEM analysis of KAP-AC is displayed in Fig. 2a, b. According to the figure, the adsorbent material was enhanced
by treating it with oleic acid, as evidenced by the crumbly cell structure and uneven diameter of the material. Figure 2a
clearly illustrates the many void cells found on the adsorbent surface, suggesting good adsorption outcomes. At 400 °C,
these pores are activated, increasing their size. More porosity makes it easier for CIP molecules to adsorb and get occu-
pied in them. It can be seen from Fig. 2b that fewer holes exist as a result of the CIP molecule adhering to the surface
following treatment.

The diffractogram radiation images created when KAP-AC was exposed were used to analyze the adsorbent mate-
rial's composition. The pattern of KAP-AC adsorbent material impregnated with oleic acid is seen in Fig. 3. Determining
the adsorbent material’s phase diagnosis and crystal structure is the goal of XRD analysis. The XRD data show that while
KAP-AC contains few contaminants, it was also discovered to have unwanted peaks. The pattern suggests that the KAP-
AC adsorbent material is amorphous in nature based on the observed peaks at 26 values.

3.2 Solution pH impact on CIP removal
A significant aspect affecting the adsorption process is the pH of the solution; Fig. 4 shows how this affects the adsorp-

tion of CIP ions onto KAP-AC. The pH of the KAP-AC with zero charge is found to be 4. It appears that an increase in pH
was accompanied by an increase in the absorption of CIP ions by the KAP-AC, which peaked at pH 4 and then abruptly
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fell above it to maintain a pH of 5. CIP occurs as a distinct species based on the pH of the solution; this species range has
been investigated in the literature [28]. One explanation for the impact of solution pH is the electrostatic contact force
that adsorbents propagate. Columbia repulsion force arises because of like charges when the pH is less than 2-3, and
the surface of the adsorbent and predominant ions in the medium are both positive. Thus, decreased adsorption occurs
because the affinity of the CIP ions for the binding sites on the KAP-AC is slow [28]. Perhaps the positive CIP ions attach
to the more negatively charged surface of KAP-AC when the pH rises (becomes less acidic). Additionally, the adsorbents
may have active areas where ion exchange can occur. CIP ion molecules may have aggregated more quickly to form
dimers above pH 4. This might be due to zwitterion effects.

A coexisting liquid bulk phase’s pH level may have an impact on the KAP-AC's surface potential. Zero charge point (PZC)
is the pH value at which there is no surface charge. When pH is less than pHp,, the surface will be positively charged,
whereas when pH is greater than pHp,, it will be negatively charged. With a pHp,c of 5.8, the KAP-AC surface will always
be positively charged at pH values below pHzp- and negatively charged at pH values greater than pHpzc [33].

3.3 KAP-AC dose impact on CIP removal

The impact of KAP-AC dose on CIP adsorption was investigated by shaking a 100 mL 40 ppm CIP solution for 2 h
at 85 °C. A range of KAP-AC concentrations (1-5 g/L) were employed to investigate how adsorbent dose affected
adsorption capability. Figure 5 illustrates how an increase in KAP-AC led to a rise in CIP adsorption from 60.54% to
94.2%. The highest adsorption of 1 g/L KAP-AC achieved 94.2% adsorption, owing to the obtained data, and a 1 g/L
solid/liquid ratio was employed for all adsorption investigations. Figure 5 shows that when the amount of KAP-AC
increased, the adsorption capacity dropped. The covering of sites for adsorption by CIP molecules explained this

Fig.5 Effect of adsorbent ~ 100
dose on Ciprofloxacin S
removal by KAP-AC (pH=4; F 80 4
Contact time=2 h; Tempera- g
ture=85 °C; IC of Ciprofloxa- & 60 -
cin=40 ppm) =
g 40 |
=]
=
S 20 -
=
@]
0 1
0 1 2 3 4 5 6

KA-MAC dose (g/L)
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decline. At large adsorbent doses, the interchangeable sites across the adsorbent could not be completely covered
by existing CIP molecules. As a result, when the amount of KAP-AC increased, the adsorption capacity decreased.

3.4 IC of CIP impact on CIP removal

As the IC of CIP grew from 40 to 200 mg/L, Fig. 6 demonstrated that the removal (%) of CIP dropped. Under the speci-
fied testing circumstances, the KAP-AC composites’ maximum CIP adsorption capacity could be 73.71 mg/g. Less
removal (%) at higher dye concentrations was seen at higher MB concentrations because a larger driving force was
required to overcome the mass transfer barrier for CIP molecules between the aqueous phase and solid phase. KAP-
AC compounds could only adsorb a portion of the CIP molecules because there is a limit to the number of adsorption
sites for a particular KAP-AC dose. Because of this, the removal (%) of CIP was higher at lower IC of CIP values but
decreased at higher IC of CIP values.

3.5 Contact time impact on CIP removal

When adsorption is finished and the adsorbent is unable to hold any more material on its surface, that is the right
contact time to utilize in CIP adsorption studies. The impact of contact duration on CIP adsorption was investigated
by shaking 100 mL of CIP solution containing 40-200 ppm and 5 g/L KAP-AC for two hours at 85 °C. Figure 7 shows
that roughly 92.8% of CIP was removed in two hours at 40 ppm of CIP and that CIP adsorption did not alter much
after that point. Because of this, two hours was decided upon as the proper contact period, and this duration was
maintained throughout the trials. These active sites were gradually occupied throughout the course of the adsorption,
which led to a decrease in the effectiveness of the adsorption process because there were fewer effective interactions
between the dye molecules and the adsorbent.
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Fig.8 Effect of temperature
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Table.5 Isother.m analysis on Models Parameters Ciprofloxa-
the Ciprofloxacin removal by cin removal
KA-MAC
Langmuir dm (Ma/g) 73.71
K, (L/mg) 0.048
R? 0.988
Freundlich Ke [(mg/g)(L/mg)"/™] 4776
n 1.466
R? 0.996
Temkin A (L/mg) 0.737
B 12.58
b (kJ/mol) 0.236
R? 0.95019

3.6 Temperature impact on CIP removal

The connection between temperature and the IC of the CIP ions adsorbed onto the KAP-AC at two hours is described
by the influence of temperature parameters on the uptake of CIP ions by KAP-AC. The adsorption of the CIP ions on
the KAP-AC increased as the temperature rose from 45 to 85 °C, as shown in Fig. 8. The rise in CIP ion adsorption may
be due to an increase in the ions’ mobility brought on by the system’s energy acquisition. This suggested that the
CIP ion-active site interaction at the KAP-AC surface is an endothermic reaction, which is analogous to a chemical
adsorption process.

3.7 Adsorption isotherms

Using the LAI, FAI, and TAI, the adsorption data of CIP on KAP-AC were analyzed. The findings are displayed in Table 5,
and plots are displayed in Fig. 9. The poor correlation coefficient suggests that LAl did not adequately explain the
adsorption mechanism of CIP onto KAP-AC. Furthermore, the observed adsorption value and the predicted adsorp-
tion capacity were far off. The FAl model’s R? value of 0.996 indicated that it was a better fit for explaining the adsorp-
tion process of CIP onto KAP-AC. This finding demonstrated that CIP was adsorbed in many layers at non-uniform
binding sites during its adsorption on KAP-AC. The energetically heterogeneous surface was produced via KAP-AC.
Furthermore, KAP-AC has unique qualities such a porous structure and a wide surface area. Hence, many methods
may have been implicated when KAP-AC substance was adsorbed CIP.
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3.8 Adsorption kinetics

C, (mg/L)

When comparing the coefficients of correlation of the kinetic equations at various temperatures, the PFO-KM more
closely matched the system at all concentrations than the other kinetic models. At 40, 80, 120, 160, and 200 ppm IC

Fig. 10 Adsorption kinetics on
the Ciprofloxacin removal by
KAP-AC

Table 6 Kinetic studies on
Ciprofloxacin removal by
KA-MAC
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Models Parameters Concentration (mg/L)
40 80 120 160 200
PFO-KM k (min~") 0.11976 0.10502 0.10039 0.09559 0.08643
q,, cal (mg/g) 7.29299 14.42179 21.27515 28.05661 3451979
R? 0.92928 0.90959 0.91036 0.91958 0.92067
PSO-KM k, (g/mg. min) 0.02852 0.01137 0.00713 0.00496 0.00336
q,, cal (mg/g) 7.73181 15.46851 2291122 30.37076 37.83232
R? 0.86869 0.83136 0.82782 0.85146 0.90215
IPD-KM k, 0.21409 0.49473 0.76379 1.07467 1.52258
C 5.22649 9.60507 13.81041 17.55081 19.67475
R? 0.58723 0.54164 0.52973 0.56535 0.67289
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of CIP, respectively, the correlation coefficients of PFO-KM were determined to be 0.92928, 0.90959, 0.91036, 0.91958,
and 0.92067. The PFO-KM was used to compute the ge value, which at 34 mg/g at 200 ppm was the experimental
ge value. The two results that were obtained agreed with one another. It was determined that other stages may be
rate-determining steps since PFO-KM suited CIP adsorption in the presence of KAP-AC the best. Therefore, the particle
diffusion kinetic model was not a rate-determining step. In addition, a rise in adsorption capacity and a drop in the
rate constant were brought on by an increase in concentration values. Figure 10 displays the kinetic data that were
derived using kinetics models and are provided in Table 6.

3.9 Desorption and reusability

Figure 11 illustrates how the removal of CIP on KAP-AC might reach 95.03% in the first cycle and sustain a removal per-
centage of 60.5% in the fifth cycle. The coverage of the adsorbed CIP on the KAP-AC material surface may be the cause
of the reduction in the adsorption quantity. In conclusion, KAP-AC demonstrated a high adsorption capacity and was
found to be reusable.

3.10 Box-Behnken design and 3-D RSM

By examining the potential interactions among the factors under study and their impact on CIP adsorption, the Box-
Behnken Design (BBD) was utilized to maximize the number of tests required. The BBD design is globular and rotating,
with a cube’s center point confined to a sphere [29]. It has been employed to optimize various physical and chemical
processes, with the number of tests chosen in line with specific research goals [30].

This study employed a two-level factorial BBD to investigate and validate adsorption factors influencing the removal
of CIP onto KAP-AC. The variable parameters included KAP-AC dosage (1-5 g/L), pH (2-12), initial concentration (IC) of
CIP (40-200 ppm), duration (20-120 min), and temperature (45-85 °C). The factor levels were encoded as 1 (high) and
-1 (low). The experimental design levels and input parameters are detailed in Table 4.

In this investigation, a Box-Behnken Design (BBD) was employed, consisting of 46 tests to assess the effects of these
characteristics both separately and in combination. The experimental settings for pH, temperature, time, CIP’s IC, and
adsorbent amount are presented in Table 7, along with the observed removal efficiency. A second-order model was
employed to illustrate the mathematical relationship between the response values and the independent process vari-
ables, utilizing the experimental data from Table 7. Equation (3) represents the model depicting the elimination effective-
ness concerning pH (A), IC of CIP (B), time (C), temperature (D), and KAP-AC dose (E).

Removal of CIP = +42.51 — 28.64A —3.05B +3.90C +9.03D + 10.81 E —0.1405 BC

(3)
+6.18 DE + 6.87 A2 + 1.14 B + 0.2560 C2 — 3.97 D + 2.13 E2

The statistical significance of the ratio of mean square variation due to regression and mean square residual error
was determined using analysis of variance, often known as ANOVA [31]. ANOVA is a statistical approach that, to test
hypotheses regarding the model’s parameters, splits the overall variance in the data into component portions associ-
ated with specific sources of variation [32]. P-values were employed to assess the significance of the KAP-AC dose, pH,
time, CIP’s initial concentration (IC), and temperature interactions. Table 8 provides the ANOVA results for the response

Fig. 11 Desorption studies on 100
the Ciprofloxacin removal by

KAP-AC g0 |
60 +
2 40
£ 2}
0 + +
1 2 3 4 5

No. of Runs

Ciprofloxacin Removal (%)
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Table 7 The experiment

Run Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Response 1
parameters for pH, A: pH B:IC of CIP C:Time D:Tempera- E: Dose Removal of CIP
temperature, time, IC‘ofCIP ppm min ture g/l %
and adsorbent quantity as C
well as the observed removal
efficiency findings 1 4 40 120 85 5 95.03

2 4 40 120 85 5 95.03

3 4 40 120 85 5 95

4 4 40 140 85 5 94.56

5 4 80 140 85 5 93.9

6 5 40 120 85 5 93

7 4 40 120 85 5 92.8

8 4 40 120 85 5 92.8

9 4 80 120 85 5 92.1

10 4 120 140 85 5 91.86

11 4 120 120 85 5 91.46

12 4 40 120 75 5 914

13 4 40 100 85 5 91.4

14 4 80 120 85 5 91.1

15 4 160 140 85 5 91.1

16 6 40 120 85 5 91

17 4 160 120 85 5 90.88

18 4 200 140 85 5 90.32

19 4 80 100 85 5 90

20 4 80 60 85 5 87.1

21 4 160 100 85 5 87

22 4 80 40 85 5 86.3

23 4 120 80 85 5 86.24

24 4 200 100 85 5 86.14

25 4 40 20 85 5 86.12

26 4 120 60 85 5 86

27 4 160 80 85 5 85.7

28 4 40 120 65 5 85.6

29 4 80 20 85 5 85

30 4 160 60 85 5 85

31 4 200 80 85 5 84.82

32 4 40 120 55 4 68

33 4 40 120 65 2 65

34 4 40 120 55 3 65

35 8 40 120 85 5 64

36 4 40 120 75 1 64

37 4 40 120 45 5 63

38 4 40 120 65 1 61

39 4 40 120 55 2 61

40 4 40 120 45 4 61

41 9 40 120 85 5 60

42 4 40 120 55 1 59

43 4 40 120 45 3 59

44 11 40 120 85 5 58

45 4 40 120 45 2 57

46 12 40 120 85 5 55
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Table 8 ANOVA quadratic

Source Sum of squares df Mean Square F-value p-value
response for removal of CIP
Model 8531.27 12 710.94 102.95 <0.0001
A-pH 2747.80 1 2747.80 397.92 <0.0001
B-IC of CIP 28.80 1 28.80 417 0.0492
C-Time 48.15 1 48.15 6.97 0.0125
D-Temperature 217.70 1 217.70 31.53 <0.0001
E-Dose 760.64 1 760.64 110.15 <0.0001
BC 0.0520 1 0.0520 0.0075 0.9314
DE 93.47 1 93.47 13.54 0.0008
A? 28.61 1 28.61 414 0.0499
B2 5.28 1 5.28 0.7653 0.3880
c 0.2487 1 0.2487 0.0360 0.8506
D? 32.31 1 3231 4.68 0.0379
E2 6.79 1 6.79 0.9830 0.3287
Residual 227.88 33 6.91
Lack of fit 221.46 28 7.91 6.17 0.0257
Pure error 6.41 5 1.28
Cor. Total 8759.15 45
Fig. 12 Actual Response vs Predicted vs. Actual
Predicted response 0]

90 —

80—

Predicted

70—

60 —

50 —

50 60 70 80 90 100

Actual

surface quadratic model. The model was considered significant based on its F-value of 102.95. An F-value of this mag-
nitude had only a 0.01% probability of being the result of noise. Model terms are deemed significant when P-values are
less than 0.0500. In this instance, A, B, C, D, E, DE, A%, and D? are important model terms. Model terms are considered not
important if their P-values exceed 0.1000. If a model has many unimportant terms (except those needed to maintain
hierarchy), model reduction may improve its performance. The quadratic model produced a determination coefficient
(R? of 0.974 and an adjusted determination coefficient (R? Adj) of 0.9645, indicating high significance and strong fitness
for the statistical model. The relationship between expected and actual response values was clarified in Fig. 12, with the
cluster points surrounding the diagonal line demonstrating a successful model fit.

To assess the primary and interaction impacts of two factors, three-dimensional response surface plots were generated
as a function of two factors at a time, while keeping all other components at fixed values. The model used one dependent
variable, the percentage of CIP removed, and five independent variables: pH, time, temperature, IC of CIP, and KAP-AC
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(a) (b)

Removal of CX (%)
Removal of CX (%)
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D: Temperature (C) E: Dose (g/L)

Fig. 13 3-D plot for the removal of CS along with pH and a time; b IC of CIP; c Temperature; d KAP-AC dose

dosage. Three-dimensional response surface plots for CIP removal are presented in Fig. 13. These plots exhibited signs of
nonlinearity, indicating strong interactions between variables and adsorption capacity. Figure 13a displayed the effects
of time and pH, revealing that the maximum elimination occurred at the highest time and lowest pH value. Similarly,
Fig. 13b shows the impacts of pH and CIP’s IC, with the greatest elimination observed at the lowest pH and IC of CIP
values. Figure 13c and d illustrate the effects of temperature and KAP-AC dosage on pH, respectively.

4 Conclusion

The present study utilized KAP-AC, an affordable adsorbent, for the removal of CIP from aqueous solutions. The activated
carbon prepared from Kigelia Africana peel treated under oleic acid is characterized and applied for the adsorption of
Ciprofloxacin. The activated carbon is prepared at 400 °C to provide maximum active sites in the adsorbent material for
greater adsorption. From the adsorption studies, it is understood that maximum adsorption of CIP is obtained at a pH
range of 4.0 with the adsorbent dosage of 5.0 g/L of KAP-AC material to the contact time of 120 min at a temperature of
85 °C. Employing Box-Behnken Design (BBD), the study investigated the effects of temperature, time, initial concentra-
tion of CIP (IC), KAP-AC dosage, and pH on removal efficiency. Through Response Surface Methodology (RSM) via BBD,
it was identified that five independent factors—KAP-AC dosage, pH, time, IC of CIP, and temperature—significantly
influenced the dependent variable, namely, the percentage elimination of CIP. The quadratic model was found to suit
the experimental data well, as indicated by the p values obtained from the lack-of-fit test.

Isotherm results for KAP-AC CIP removal demonstrated a good fit with the Freundlich Adsorption Isotherm (FAl).
Additionally, adsorption kinetic experiments revealed that the kinetics of CIP followed the Pseudo-First-Order Kinetic
Model (PFO-KM). In summary, the study’s findings strongly suggest that KAP-AC holds significant promise as an
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innovative, efficient, and cost-effective alternative adsorbent for the removal of pharmaceuticals and other environ-
mental contaminants.
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