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Abstract

In this study, cefixime (CFX) was removed from aqueous solutions by using activated carbon (AC) made
from broad bean peels (BBPs). To evaluate the adsorbent performance, a conventional experimental approach
(one factor at a time) was applied to clarify the impact of the most influential variables (i.e., pH, contact time,
and adsorbent dosage) and identify the maximum adsorption capacity. The optimization approach of response
surface methodology with a Box—Behnken design (BBD) was employed to investigate the synergistic
influences of the three independent variables and determine the optimum experimental conditions. Removal
efficiency (%) was evaluated at different pH (2—10), contact time (10—150 min), and adsorbent dosage (0.1—
2.5 g L"). Results revealed that the measurements adequately fitted the Langmuir isotherm, with a maximum
monolayer adsorption capacity (qm) of 17.5 mg/g. Moreover, based on the optimization approach, 95%
removal efficiency was reached at optimum values of 6, 100 min, and 2.16 for pH, contact time, and adsorbent
dosage, respectively. The BET surface area was determined to be 375 m%g, and the total pore volume was
0.204 m*/g. For multilayer sorption, the isotherm and kinetic models were suggested, followed by exothermic
an physical adsorption mechanism. The findings of this study indicate that AC prepared from BBPs can be
used as an adsorbent to remove CFX from aqueous solutions.

Keywords: Optimization; Broad bean peels; Cefixime removal; Adsorption isotherm; Activated carbon

released antibiotics [5]. Consequently, residual
antibiotics in the wastewater have increased the
resistance of pathogenic bacteria, posing a serious
threat to surface water and groundwater [5,11,12].

1. Introduction

Water is a fundamental requirement for life, and
the global demand for water grows at a rate of 1%

annually [1-3]. Environmental pollution, especially
water pollution, is a serious concern for researchers
[4]. Antibiotics are extensively applied as medicine
to improve human and animal health [5-8]; for
example, cephalexin is often prescribed to treat
bacterial infections. However, human and animal
waste release significant amounts of antibiotics into
the environment [9][10]. Traditional wastewater
treatment technologies cannot completely remove

This is an open access article under the CC BY license.

Numerous studies have reported on the removal
of antibiotic pollutants from wastewater, including
chemical and biological processes [13—16]. Both
approaches have their disadvantages: chemical
processes such as membrane and advanced
oxidation can be costly at large scale [17,18], while
biological processes cannot be applied to remove
antibiotics, as these pollutants can damage the
microorganisms used in the treatment [19-21].
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Adsorption can be considered more suitable than
other technologies of antibiotic removal from
wastewaters with pharmaceutical pollutants [22—
26]. This technique offers several advantages in the
effective removal of contaminants, such as a simple
design and non-toxic residual generation [27-30].
Thus, in recent years, interest has increased in the
preparation of activated carbon (AC) from
inexpensive, renewable materials such as orange
peels [31], tomato waste [17], and banana peels
[32]. Broad beans are widely grown around the
world, especially in the Mediterranean region [33].
Huge quantities of broad been peels (BBPs) are
disposed, posing a serious environmental problem
[34]. However, adsorption efficiency relies on
several factors, the most crucial of which are
adsorbent type, pH, adsorbent dose, and contact
time [35,36].

In conventional approaches, tests are often
performed by changing one parameter while others
are fixed. As a result, the synergistic impact among
all variables is missed. To address this gap, response
surface methodology (RSM) has been utilized to
determine the optimum experimental conditions and
evaluate the interaction of experimental variables
[37-39]. However, to the best of the author’s
knowledge, studies on using AC prepared from
agricultural waste for cefixime (CFX) removal are
rare in existing literature. Therefore, the main
objective of this work was to investigate the
possibility of using low-cost AC prepared from
BBP wastes for removing CFX from aqueous
solutions. To achieve this aim, the effects of
solution pH, contact time, and adsorbent dosage on
adsorption was evaluated systematically. Moreover,
Langmuir, Freundlich, and Sips adsorption
isotherms were applied, and the pseudo-first-order,
pseudo-second-order, and  pseudo-third-order
models were used to explain the kinetics of CFX
adsorption. RSM with BBD optimization was also
utilized to determine the experimental design for
investigating the synergistic effects of these three
independent variables and determining the optimum
experimental conditions.

2. Materials and Methods
2.1. Chemicals

All the chemicals used in this study were
analytical grade, and distilled water was utilized to
prepare all solution samples. The CFX (99%) used
was purchased from Sigma-Aldrich. 0.5 N
hydrochloric acid and 0.5 N sodium hydroxide were
applied to adjust the pH of the solutions.
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2.2. Preparation of Adsorbents from BBPs

The BBPs used in this work were produced
locally in Iraq. They were first washed several times
with distilled water to remove impurities such as
dust. Then, the sample was dried in an oven for 24 h
at 105 °C. The dried sample was crushed and
thoroughly grounded using a mortar and pestle and
then sieved to achieve particles 100—250 um in size.
To achieve carbonization, the sample was heated in
an electrical furnace at 460 °C under a continuous
flow of 150 mL min-1 of nitrogen for 2 hours.
Afterward, the produced carbon was cooled to room
temperature in the presence of nitrogen gas. Finally,
the sample was rinsed using distilled water and
0.5 N HCI, and then dried for 12 h at 105 °C [40].

2.3. Characterization of BBP Charcoal

To distinguish the functional groups of AC
derived from BBPs, Fourier transform infrared
(FTIR) spectroscopy (Perkin Elmer Spectrum 100)
was conducted in the wavenumber range of 4,000—
400 cm™'. Analyses of the AC were carried out by
scanning electron microscopy (SEM) using a Zeiss
Supra 40 (Germany).

2.4. Adsorption Experimental Method

Certain doses of AC adsorbents were added to
50 mL of the CFX solution and stirred for a specific
time at 150 rpm. The solution pH was set at certain
values by the addition of either 0.5 N HCl or 0.5 N
NaOH. Next, the treated solution was centrifuged at
5,000 rpm and then filtered using Whatman™ filter

paper to remove solid particles. The CFX
concentration was analyzed wusing UV-vis
spectrophotometry  (Jasco ~ V-670, JASCO

Corporation, Japan) at 221 nm. All experiments
were carried out in triplicate to achieve accurate
measurements.

The adsorbent’s CFX adsorption (qe) and
removal efficiency (%) were calculated by applying
the following equations [6] [41]:

_ (Co—=Cf)xV
¢ M (mgxg-1) (1)
. __ (Co—Cf)
Removal efficiency (%) = 0 X 100 ...(2)

where V represents the volume of the CFX solution
(L), M is the mass of the adsorbent (g), and Co and
Cr are the initial and final concentrations of CFX in
the solutions, respectively.
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The data of the adsorption isotherms were fitted
to the Langmuir and Freundlich models (Egs. (3)
and (4), respectively) [41-43] .

L1 1
aiKLQmXCe +Qm (3)
Ln ge =In Kf+ (=) In Ce .4
qe _
(qmax_qe) =1/nInCe+InKs ...(5)

where Ce is the CFX concentration in the solution
(mg L), Ky is the Langmuir coefficient (L/mg), qm
is the maximum capacity (mg g'), and KF ((mg/g)
(L/mg)'™) and nr (dimensionless) are the respective
nonlinear coefficients in Freundlich’s equation,
where KS is the constant of Sips (ug L") -1/n and n
(dimensionless).

Two common kinetic models were examined to
mimic the adsorption kinetics of CFX and
determine the adsorption kinetic mechanism. The
pseudo-first-order and pseudo-second-order models
(Egs. (6) and (7), respectively) are among the
kinetic equations commonly stated as follows [45]:

In (qe — q¢) = In(kige)— kit ...(6)
iz(i)ﬁr(kz;qez) (D

The kinetic rate constants for the pseudo-first-
order and pseudo-second-order models are denoted
as ki (min!) and k? (g/mg.min), respectively. The
variables q; and . represent the adsorbed quantity
(mg/g) at time t and at equilibrium, respectively. For
the pseudo-first-order model, the values of k; and ge
can be obtained from the slope and intercept of the
In (qe — qt) versus t plot, as given in Eq. (6). In the
pseudo-second-order model, the constants k, and qe
are determined by the slope and intercept of the 1/qt
versus t plot, respectively.

RSM with BBD was employed to determine the
best conditions for adsorption and identify the
synergistic effects of three independent factors. pH
(X1), adsorbent dose (X>) (g L"), and contact time
(X3) (min) were applied as the variables due to their
significant influence on adsorption. To achieve the
abovementioned objectives related to optimization,
15 tests were conducted by changing pH from 2 to
10, with a central point of 6; adsorbent dose from
0.1 g to 2.5 g, with a central point of 1.3 g; and
contact time from 10 min to 100 min with a central
point of 55 min. According to Eq. (8), the real
values of independent factors (Xi) were represented
as (xi) [46] follows:
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Xi—Xo
=" ...(8)
x; represents the actual value of variable Xj, Xo
represents the value of the actual variable at the
center, and X; represents the value of the step
change.

The removal efficiency was predicted based on
a second-order polynomial model (Eq. (9)) [47]:

X1

Y=p "‘Zﬁ'(z 1Bj Xj "‘Z?: 1BJj X j2 +
YL i1 B XiXj + & .9
where Y represents the expected removal

efficiency, Po represents the constant, i and j
represent the index number of patterns, k represents
the number of variables, and fj, Bjj, and Bij
represent the predicted coefficients based on
regression analyses of linear, quadratic, and
interaction impact, respectively. In the current
study, Minitab (version 17) was employed to create
the experiment with BBD.

3. Results and Discussion
3.1. Characterization of Adsorbents

SEM was applied to analyze the surface
morphology of the prepared AC before and after
adsorption (Figs. 1a and b, respectively). Fig. la
illustrates that the surface of BBPs has a rough
texture and an irregular microporous structure,
which increases the performance of AC as an
adsorbent. After CFX adsorption, a considerable
change was detected in the surface structure of the
BBPs (Fig. 1b), with binding sites covered by CFX
molecules. Fig. 2 shows the FTIR spectrum of the
AC. The peaks in the 1,000-1,300 cm™' range can
be due to the existence of C—C and C—O groups
[21]. Moreover, the peak at 1500 cm™ can be
attributed to the ketone, aldehyde, and lactone
groups [48], and the peak at 3,434.98 cm™! can be
linked to the O—H phenol functional groups [21] .



Huda Adil Sabbar Al-Khwarizmi Engineering Journal, Vol. 22, No.1, pp. 30-43 (2026)

det pressure WD 50 pm

inspect f 50-FE| Compan

—————
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500

AC trans.
Fig. 2. FTIR spectra of BBPs after adsorption.

3.2. Evaluation of the Influence of regions with an acidic pH (2—4), CFX adsorption

Adsorption Parameters efficiency was found to be quite low. Clearly, the
3.2.1. Effect of Solution pH removal efficiency increased significantly between
pH 4 and 7, and the highest CFX removal efficiency

Several batch tests were conducted to determine (83%) can be achieved at pH 7. Furthermore, CFX
the appropriate variables for CFX adsorption by the remoygl steadily decllr}ed in alkaline _(PH > 7)
AC adsorbent. The pH of the solution can be conditions. These behaviors can be explained by the
considered as the most significant variable in the fact that at pH < 4 (acidic), functional groups with a
adsorption system due to the specific functional positive charge on both the CFX 501‘}“0“ amgl the
groups of hydroniums [49]. Hence, the impact of pH adsorbent .surface can.be dominant, while functional
was investigated using wide pH ranges (2—10), groups with a negative charge on both the CFX
which were set by adding either 0.5 N HClor 0.5N ~ solution and the surface of the adsorbent are
NaOH in water as necessary. The removal dominant at pH > 7 (alkaline). Owing to the
efficiency of the absorbent is illustrated in Fig. 3. As repulsive forces developeq between like charges of
shown in the figure, there is a strong relationship the aqueous CFX solution and the adsorbent

between removal efficiency and pH value. In
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surface, the adsorption capacity of CFX is thus
decreased [21] [50].

3.2.2. Contact Time

The longest contact time between CFX
adsorbate and adsorbent is crucial for investigating
equilibrium adsorption due to the availability of
functional groups present in the adsorbent [49] [51].
To measure effective contact time, 2.5 g of the AC
adsorbent was mixed with a fixed initial
concentration of CFX (50 mg L' at pH 7) for
ranged time intervals. Fig. 4 depicts the relationship
between removal efficiency and contact time. The
results revealed that increased contact time
enhanced the efficiency of adsorption. Furthermore,
removal efficiency was high in the first time
(70 min) intervals, slowed down, and then reached
the highest value at equilibrium, which occurred
after 80 min. This trend may be attributed to the
functional group availability of the adsorbent [52].
This result is in line with past research [49] [53]
[54].
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Fig. 3. Influence of solution pH on the removal
efficiency of CFX (initial CFX concentration = 50 mg
L-1, AC adsorbent dose = 2.5 g L-1, time = 70 min,
and T =25 °C).

3.2.3. Effect of AC Adsorbent Dose

The influence of the adsorbent dose of AC on
removal efficiency was studied using different
amounts of absorbent while the other experimental
variables remained constant. Fig. 5 depicts the
removal efficiency as a function of the adsorbent
dose applied. The data demonstrated that the
increased adsorbent dose significantly enhanced the
adsorption efficiency up to a particular adsorbent
dose (2 g L), but beyond that the efficiency
remained nearly constant. This behavior can be
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attributed to an increase in surface area and the
availability of extra adsorption sites.
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Fig. 4. Influence of contact time on the removal
efficiency of CFX (initial CFX concentration = 50 mg
L', AC adsorbent dose =25 g L', pH=7,and T =
25 °C).
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Fig. 5. Influence of AC adsorbent dose on the removal
efficiency of CFX (initial CFX concentration = 50 mg
L™, time = 90 min, pH =7, and T = 25 °C).

3.3. Adsorption Isotherms

The relationship between the adsorbate in the
solution and the adsorbate on the adsorbent can be
described by the adsorption isotherm [55].
Langmuir, Freundlich, and Sips adsorption
isotherms were employed to investigate the factors
related to equilibrium. The Langmuir isotherm
model can describe a homogenous adsorption in
which adsorbates can be distributed in monolayer
form. However, the Freundlich isotherm shows
heterogeneous  adsorption  obtained  from
multilayers of adsorbates [56]. Based on Table 1,
the maximum monolayer adsorption capacity (qm)
is 17.5 mg/g. In addition, the value of the separation
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factor (Rr) can be applied to determine whether
adsorption can be favorable (0 < Ry < 1) or
unfavorable (RL > 1). In this study, Ry is 0.1282,
demonstrating that CFX adsorption can be
favorable. Fig. 6 reveals that the experimental data
were adequately fitted to these models. The
correlation coefficient (R») of the Langmuir,

Freundlich, and Sips isotherm models are 0.9401
(Fig. 6a), 0.9273 (Fig. 6b), and 0.7331 (Fig. 6¢),
respectively. However, the constant n in the
Freundlich model is higher than 1, indicating that
CEX could be absorbed by AC. The findings of
these study are compatible with those of earlier
literature [4] [57].

Table 1,
Isotherm constants of Langmuir, Freundlich, and Sips for CFX adsorption using AC.
Langmuir Freundlich Sips

qm KL R? Kr N R? qm Ks n R?
17.543 0.136 0.94019 2.106 1.439 0.92733 21.5 0.1908 0.5 0.73331
0354 (@) 3.4. Adsorption Kinetics

Intercept | 0.05771 e
0.30 4 Slope 0.42485 . . .

T Ttuarel 0590 To characterize the adsorption mechanism and
0.25 4 = mass transfer rate on the surface or interior
o~ locations, kinetic models were used to evaluate the

& experimental data for contact time (Fig. 4). Three
0.15 ' well-known models of pseudo-first- and pseudo-
i) = second-order were used to study the adsorption

kinetics of CFX onto AC. As indicated in Figs. 7
W » and 8, the intercept and slope of the linearized
000 4— : : . ; : , s version of the suggested models can be used to
= B e - B ER By W determine the values of the kinetic parameters [50].
3.5+
(b)
Intercept  0.7451 " 4 - y=-0.015x+ 2.5558
4 Si 0.69477

- R-c:;uar 0.92733 3.5 R?=0.5284
2.5 31 o
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.. Fig. 7. Adsorption Kkinetic models for pseudo-first
[ order.
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Fig. 6. Isotherm models: (a) Langmuir, (b)

Freundlich, and (c) Sips.
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Fig. 8. Adsorption kinetic models for pseudo-second
order.

Table 2 illustrates the kinetic models and their
parameters, which are obtained from linear plots in
Figs. 7 and 8. Regarding the R? values, the pseudo-
second-order model (R*> = 0.9999) fits the
experimental data better than the pseudo-first-order
(R?=0.5418). The theoretical ge (calculated) based
on the pseudo-second-order is also closer to the qe
(experimental) compared with the pseudo-first
order. Thus, a pseudo-second-order model applies
to the evaluation of CFX kinetics onto the AC.
Previous studies suggested that the pseudo-second-
order model probably follows a chemical sorption

Table 3,

mechanism for adsorption through electron sharing
between analytes and adsorbents [58,59].

Table 2,

Pseudo-first-order, pseudo-second order, and intra-
particle diffusion parameters for CFX adsorption (qe
=100.1 mg g™).

Model Parameters Cefixime
Pseudo first order ge (mg/g) 12.91

Ky (1/min) 0.015

R? - 0.5284
Pseudo first order ge (mg/g) 81.3

K» (g/(mg-min)) 0.000889
R? - 0.9301

3.5. Optimization of CFX Removal Using
RSM with BBD
3.5.1 Multiple Regression Analyses

Synergistic effects among the three response
parameters of CFX adsorption, including pH,
adsorbent dose (g L"), and contact time (min), were
evaluated. Specifically, multiple regression analysis
was applied to generate second-order polynomial
equations using the BBD matrix of actual
measurements (Table 3):

Experimental and predicted values of removal efficiency using the BBD matrix.

Actual values

Coded values

Removal Predicted
Adsorbent Time X1 X2 X3 efficiency Removal
Run No. pH dose (g) (min) (%) efficiency (%)
1 2 0.1 55 -1 2 0 79 78.7500
2 10 0.1 55 1 +1 0 84 83.0000
3 2 2.5 55 -1+l 0 77 78.0000
4 10 2.5 55 +1  +1 0 80 80.2500
5 2 1.3 10 -1 0 -1 65 64.1250
6 10 1.3 10 +1 0 -1 75 74.8750
7 2 1.3 100 -1 0 +1 82 82.1250
8 10 1.3 100 +1 0 +1 77 77.8750
9 6 0.1 10 0 -1 -1 52 53.1250
10 6 2.5 10 0 +1 -1 72 71.8750
11 6 0.1 100 0 -1 +1 84 84.1250
12 6 2.5 100 0 +1 +1 63 61.8750
13 6 1.3 55 0 0 0 95 95.0000
14 6 1.3 55 0 0 0 95 95.0000
15 6 1.3 55 0 0 0 95 95.0000
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Removal efficiency (%) = 19.65 + 4.687 x4
+30.20 x2 + 1.3711x3  0.2500 x? — 7.639 x2
—0.008025 x3 — 0.104 x;. X2 — 0.02083 x;. X3
—0.1898 x;. x3 (7

here xi, X2, and x3 represent coded values of pH,
adsorbent dose (g L), and contact time (min),
respectively.

The obtained regression equation of the removal
efficiency (%) with high determination coefficients
(R?) clarifies that this model can sufficiently
describe the link among independent factors (pH,
adsorbent dose, and contact time) and response
(removal efficiency). The predicted values achieved
by the suggested model were in reasonable
agreement with the experimentally measured
removal efficiency (Fig. 9).

3.5.2 Analysis of variance

Analysis of variance (ANOVA) of the second-
order polynomial model and the significance for
each model term are represented in Table 4. The p-
value was utilized to check the significance.
Statistically, the impact of the term is considered

significant when its p-value is less than 0.05 [60].
As illustrated in Table 4, the coefficients of linear
terms (X1, X2, and x3) and of quadratic terms (x2, x3,
and x%) significantly influences the removal
efficiency (%). In addition, the coefficients of
interactive terms (X; . X3 and X» . X3) had a
remarkable influence on the removal efficiency (%).

100

R-Sq 96.5%

90

80

70

Removal efficiency (%)

60

50

50 60 70 80 90
Predicted Removal efficiency(%)

100

Fig. 9. Experimental values versus and predicted
values of removal efficiency.

Table 4,

ANOVA analysis of BBD.

Model term Sum of squares Mean squares F-Value P-Value
Xi 21.12 21.125 16.9 0.09
X 6.13 6.125 4.90 0.038
X3 220.50 220.500 176.40 0.002
X2 59.08 59.077 47.26 0.001
X5? 446.77 446.769 357.42 0.000
X3? 975.00 975.000 780.00 0.003
X1.Xo 1.00 1.000 0.80 0.412
X1.X3 56.25 56.250 45.00 0.001
X2 . X3 420.25 420.250 336.20 0.010

The 3-D response surface plots in Fig. 10 are
based on Eq. (7), with one independent variable
fixed at 0, while the other variables were adjusted
within the selected variance for the experiments.
These plots show the influence of pH, adsorbent
dose, and contact time on removal efficiency. In
Fig. 10, the removal efficiency was continuously
increased along with the corresponding variables
until the maximum adsorption was achieved, after
which removal efficiency declined even when both
variables were raised. For example, Fig. 10a shows
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that removal efficiency significantly improved
when the pH increased from 2 to 7, and then
gradually decreased when pH kept expanding from
7 to 10.

The optimal values of the independent variables
for removal efficiency (%) were determined. The
values of desired function range between 0 for
completely undesired responses and 1 for
completely acceptable response. The optimum
values of pH, adsorbent dose, and contact time were
identified to be 6, 2.16 g L', and 100 min at 0.94
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desirability, respectively. Under these optimum

values, the predicted removal efficiency was 95%.

(a)

Removal efficiency (3%)

(b)

Removal efficiency (%)
I

(c)

Removal efficiency (3)
3

L7 g0 '\\0\
N
: o P
= 2 2 v . &
pH 12

Fig. 10. Response surface plots of removal efficiency.

4. Conclusion

In this study, AC prepared from BBPs was
applied to remove CFX from aqueous solutions.
Results reveal that highest removal efficiency of
95% was achieved with the optimum values of pH
6, 2.16 g L' adsorbent dose, and 100 min contact
time. In addition, the Langmuir isotherm model can
offer higher fitting with the experimental data
(0.94019), showing a homogenous and monolayer
adsorption process. The findings of this study
indicate that AC prepared from BBPs has
considerable capacity for CFX removal. Thus,
agricultural waste such as BBPs can be successfully
used to prepare AC. The findings of this study can
be utilized as baseline data for the design of
treatments targeting effluents with cephalosporin
substances, such as CFX.
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Abbreviations

CFX Cefixime

AC Activated carbon

BBPs Broad bean peels

RSM  Response surface methodology

BBD Box—Behnken design

FTIR Fourier transform infrared spectroscopy

SEM  Scanning electron microscope

ge Adsorbent capacity of CFX adsorption, mg
~1

g

Co Initial concentration of CFX in solution, mg
Lfl

Cf Final concentration of CFX in solution, mg
L—l

gm Maximum adsorbent capacity of CFX
adsorption, mg g

KF Nonlinear coefficient in Freundlich’s

equation

Coded value for the actual value of variable

Separation factor

EE.
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