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ABSTRACT

Magnetic biochar (Fe;0,-BCPP) was prepared by using iron oxide nanoparticles, and biochar which is
obtained from pomegranate peel. The Fes04-BCPP were characterized by Brunauer-Emmett-Teller
analysis, X-ray diffraction analysis, scanning electron microscopy, and vibrating sample magnet-
ometer. The adsorption properties of Fe;0,-BCPP for sulfadiazine in water were investigated. The
Fe;04-BCPP had good adsorption properties and separated well from aqueous solution by
a permanent magnet due to superparamagnetic property and magnetic saturation value. Therefore,
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Fes0,-BCPP has potential application for the removal of sulfadiazine from water samples.

Introduction

Antibiotics are an important class of pharmaceuticals
which are widely used in humans and animals to prevent
or treat infectious diseases caused by pathological
micro-organisms. A large proportion of antibiotics are
partially metabolized in organisms and the main com-
ponents or metabolites are excreted through urine and
feces. However, antibiotics from local authority waste
water treatment systems and from pharmaceutical pro-
duction facilities are mixed with the natural water
reserves, Pharmaceutical chemicals, especially antibio-
tics, are classified as uncontrollable bioaccumulative
components. Studies in recent years have determined
antibiotic residue in different environments such as
waste water treatment facilities, hospitals, subterranean
water, and livestock farms.!"* Despite the low concen-
tration range of antibiofics in water, they can remain for
a long time without decomposing and cause changes in
the microbial ecology, increase productivity of antibio-
tic-resistant pathogens and cause uncontrolled bioaccu-
mulations. This constitutes a great risk for the water
environment and for human health.

The antibiotics, sulfonamides, are used throughout
the world, and to remove sulfanomides several methods
have recently been used such as ion exchange, mem-
brane filtration ozonation and adsorption.”=
Ozonation is extremely successful in removing sulfano-
mides but ozone can form a potent cancerogenous bro-
mate ion. The use of other removal technologies for

sulfanomides such as membrane separation and photo-
catalysis are limited by high costs and complex design
and operation. When all these factors are taken into
consideration, adsorption has become attractive for the
removal of organic chemicals from aqueous solutions
because of advantages such as high efficiency, simple
operation and low toxicity.!”’

Widely used adsorbents for the removal of antibiotics
in the adsorption technique include active carbons (AC),
carbon nanotubes, bentonite, biochars (BC), magnetic
nanoparticles (MNP), active carbon composites, and
magnetic biochars (MBC).*"**) MBC is a type of biochar
composite material loaded with magnetic materials, so
that they not only retain the excellent properties of
biochars but also have magnetic properties. BC has
a high clearance capacity for organic and inorganic
pollutants from an aqueous solution and can only be
separated from water with traditional sedimentation,
filtration, coagulation, and treatment processes.[12’13]
These procedures are generally costly or ineffective,
which limits application to a great extent."*'*! MBCs
can overcome the above-mentioned problems due to the
magnetic separation properties and re-use is possible.
All the raw materials used to produce BC can be used to
prepare MBC.[¢- 1]

The Punica Granatum, commonly known as the pome-
granate, is wasted as a potential biomass to a great extent as
most of the inedible remains are discarded. To date, there
have been few studies in literature related to biochar
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obtained from pomegranate peel and its application, and
there are no studies of MBC obtained from pomegranate
peel and its application.!"*-!!

In this study, pomegranate waste was used to prepare
MBC. MBC (Fe;O-BCPP) was synthesized with the
impregnation method from iron oxide nanoparticles
with biochar obtained from pomegranate peel. The effi-
cacy of the adsorbent obtained was investigated for the
removal of sulfadiazine (SDZ), which is in the sulfona-
mide group. The synthesized MBC was characterized
with a scanning electron microscope (SEM), x-ray dif-
fraction device (XRD), vibrating sample magnetometer
(VSM) and (Brunauer-Emmett-Teller) BET analysis.
To determine the efficacy of Fe;O,-BCPP in eliminating
SDZ, a detailed examination was made of parameters
which affect adsorption efficacy such as pH, the amount
of adsorbent, the duration of adsorption and the adsorp-
tion capacity. Thus, under the defined optimum condi-
tions, the efficacy of Fe;04-BCPP in removing SDZ from
waste water, river water, and tap water was investigated.

Materials and methods
Materials

All the chemical used in this study were of analytical
purity and were used by dissolving in deionized water
(18.2 MQ)). For the synthesis of magnetic nanoparticles,
FeCls.6H,O (99%, Merck), FeSO,.7H,0 (299.5-104.5%,
Sigma Aldrich) and ammonium hydroxide (26%, Sigma
Aldrich) were used. SDZ was prepared with dissolution
within a stock solution of sulfadiazine sodium salt (=
98% HPLC, Sigma Aldrich) 0.01 M sodium hydroxide
(>98.0-100.5% pellets, Sigma Aldrich). In the adsorp-
tion assays, the pH settings of the solutions were made
with 0.1 M hydrochloric acid (36.5-38%, Sigma Aldrich)
and 0.1 M sodium hydroxide solutions. Acetonitrile and
formic acid were purchased from Sigma Aldrich.

Insrument

To determine surface morphology of Fe;0, magnetic par-
ticles, SEM images (Tescan Mira III, Czech) were applied.
X-ray diffraction spectrometry (XRD) was performed by
the device Pananlytical- XRD with X-ray radiation of Cu ka
anode with an angle of 10-70° (X-rays with the wavelength
of 1.54056 A). The magnetization curves of the Fe;Oy-
BCPP were measured using a vibrating sample magnet-
ometer (Lake Shore 7406). Specific surface area was
obtained and calculated according to the Brunauere
Emmentte Teller (BET) method.

UV-VIS spectrophotometer (Shimadzu 3600,Japan)
was used for all absorbance measurements.
Concentration of SDZ in the real sample was analyzed
using high performence liquid chromatography (HPLC)
with UV detector (wavelength: at 270 nm). Agilent 1100
series HPLC system equipped with a degasser (G1322A),
a gradient pump (G1311A, QuadPump), a manual injec-
tor (Rheodyne 7725i) with a 20 uL loop volume, a col-
umn oven (G1316A), and an ultraviolet detector
(G1314A) was used in this study. The analytical separa-
tion was performed by a stainless steel C18 analytical
column (Prontosil, 250 x 4.6 mm, 5 pm, Bischoff
Chromatography, Germany)

Preparation of adsorbent

Biochar production from pomegrate peel

Pomegrate peel (PP) were washed with deionized water
and dried in an oven for 24 h at 60°C. It was then ground
and sieved to particle sizes ranging from = 0.5 mm. In
order to biochar KOH and pomegranate peel were
mixed with a ratio of 3:1 and was carbonized in
a muffle furnace at 500 C for 2 h. Pomegranate peel
biochar (BCPP) was washed several times with deio-
nized water until neutralized and it was dried in oven
at 80°C for 2 h.1**!

Preparation of magnetic nanopatrticles

To synthesize magnetic nanoparticles (Fe;0,), 6.1 g
FeCl; - 6H,O was dissolved in 100 mL deionized water,
then a few drops of concentrated HCI (37%) were added
to prevent Fe(OH); precipitation, then 4.2 g FeSO, - 7H,
O was added and heated to 90°C previously reported.’**~
7] Then, 20 mL of NH; (26%) was added to this solution
rapidly. The mixture was stirred at 90°C for 30 minutes,
then cooled to room temperature. The resulting solid
black matter was collected by strong magnet, washed
several times with ethanol and deionized water. The
resulting Fe;0, was dried at 60°C.

Preparation of magnetic biochar

Separately, 0.5 gram BCPP and 0.5 gram Fe;O, were
added to 50 mL ethanol in erlenmeyer and sonicated for
1 h into bath water. Then, this suspensions were com-
bined and the mixture was sonicated for 8 min and
subsequently was shaken for 12 h at 250 rpm. The
obtained product (Fe;O4- BCPP) were collected at the
edge of the erlenmeyer by magnet and liquid phase
decanted. Fe;O4-BCPP was washed with deionized
water and dried in an oven at in 80 C for 12 h.**?")



Adsorption procedure

Adsorption experiments were conducted with 50 mg
Fe;04-BCPP adsorbent in 50 mL (10 mg/L SDZ)
which were shaken at 50 rpm and 25°C for approxi-
mately 15 minutes. After adsorption, the adsorbent
was separated by a powerful magnet. The factors
influencing adsorption including the initial pH,
amount of MBCs, initial concentration, and adsorp-
tion time were investigated. The concentration of the
SDZ in siipernatant was analyzed to calculate the
removal efficiency and the adsorption ability. Each
experiment was repeated at least three times and
experiment results were given with their mean and
standard deviations.

The concentration of the model solutions were mea-
sured by UV-vis spectrophotometer at 270 nm and
calculated based on a calibration curve. The SDZ real
samples were analyzed by HPLC with a UV detector
(wavelength: at 270 nm). The mobile phase for deter-
mining SDZ s was a mixture solution containing % 0.1
formic acid and acetonitrile (30/70, v/v). The injection
volume of the sample was 20 pL and the flow rate was
1 mL/min with the isocritical mode when separation was
achieved at 30°C. The total run time was 5 min. The
correlation coefficient (R?) of the standard curve gener-
ated was = 0.9972.

The removal % SDZ was calculated by the following
equation

%R = (Co — C./Cy) x 100

where Cy (mg/L) and Ce (mg/L) are the initial and
equilibrium concentrations of an antibiotic stock
solution.
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Figure 1. SEM images of PP(a), BCPP (b) and Fe304-BCPP (c).
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Results and discussion
Characterization of Fe;0,4,-PPBC

The SEM images of PP, BCPP and Fe;O4- BCPP were
given Fig. 1. The SEM images was shown that biochar
was successfully modified with Fe;04. As seen in Fig. 1a,
PP has a smooth surface. Figure 1b, PPBC which is the
biochar obtained from PP has a porous structure and
roughness surface. It is seen that the morphological
structure of BCPP changes with the loading of iron
oxide particles and iron oxide particles are embedded
in the pores of the BCPP in Fig. 1c.

The main elements present in Fe;O4-BCPP before
and after adsorption of SDZ (C;oH o(N4O,S) are deter-
mined by EDS analysis and their spectra are shown in
Figure S1. The results indicated that the carbon, nitro-
gen, oxygen, potassium and iron were the main elements
present in Fe;O4-BCPP structure with percent composi-
tion as 56.82%, 0.85%,27.27%, 0.52% and 14.55% by
weight respectively. The results after adsorption of
SDZ indicated that the carbon, nitrogen, oxygen, potas-
sium iron and sulfur were contains percent composition
as 48.61%, 6.38%,22.92%, 0.41%, 21.05% 0.64% by
weight respectively. In the EDS spectrum of after
adsorption of SDZ the difference in the composition
percentage of the element N and the presence of the
element S indicate the adsorption of SDZ on Fe;O,-
BCPP.

The magnetization curve of Fe;O4- BCPP was given
in Fig. 2. The saturation magnetization of Fe;O,- BCPP
was 12,5 emu/g (Fig. 2b). As seen in the magnetization
curve, Fe304- BCPP has superparamagnetic properties
and Fe;0,4- BCPP from aqueous dispersions could be
easily separated by an external magnet.
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Figure 2. A.The magnetization curve of Fe;0,- BCPP b. XRD pattern of Fe;04- BCPP.

Figure 2b shows X-ray powder diffraction pattern of
Fe;04- BCPP. As seen in the Fig. 2b the peaks were
obtained 30.3 (220), 35.7 (311), 43.3 (400), 54.1 (422),
57.3 (511) and 62.9 (440).[253%

These series of characteristic peaks is show that the
major composition of MNP belongs to Fe;O, (magnetite).
The average nanoparticle diameter (D) for Fe;0,- BCPP
was calculated according to following Debye-Scherrer
equation.

Dur — kA
HEL ™ B(26) cosB

Here, D is the mean nanoparticle diameter A; X-rays
wavelength, B (20); half maximum width of the corre-
sponding peak, 8: corresponding is the angle of the peak.

The average nanoparticle diameter of Fe;04- BCPP was
calculated as 11.5 nm using the peak with a 26 value of
35.7° which is the most intense peak.

The BET surface area, pore volume and pore size
were measured by BJH mehod. The BET specific surface
of BCPP and Fe;O, _ BCPP were 526.6 m2/g and 247.0
respectively (Table 1). BCPP has a larger specific surface
area than Fe;O, _ BCPP .However, disadvantage of
BCPP for SDZ removal is the difficulty of separating it
from solution, which is a common problem for pow-
dered adsorbent. This problem has been overcome with
the Fe;0, - BCPP (magnetic composite) which can be
easily separated from the solution by a magnetic field.

In order to determine the point of zero charge (pzc)
of Fe;04-BCPP, 50 mg adsorbent (Fe;O4-BCPP) was
added to 50 mL model solutions which pH was adjusted



with nitric acid and NaOH in the range of 2-10 and
shaken for 24 hours. At the end of 24 hours, the pH of
the solutions was measured. The changes of the pH
(ApH) were plotted against the initial pH. The graph is
given Figure S2. The point where the plot bisects the
xX-axis was corresponding to the pzc of Fe;0,4-BCPP. The
pH,,. of the Fe;0, - BCPP is found to be pH = 5.7. This
indicates that in pH values below the pH = 5.7 the Fe;0,4
-BCPP surface is positively charged and at pH values
higher than the pH,,., the Fe;O4-BCPP surface is nega-
tively charged.

Factors influencing adsorption

The effect of the solution pH on adsorption of SDZ

In the adsorption process, the initial pH of the solution
is one of the parameters with a significant effect on the
efficacy of adsorption, because the pH of the solution
affects the surface load of the adsorbents and the degree
of ionization of the analytes. In this study, the effect of
pH values between 2 and 6 was examined. To determine
the effect of pH in the adsorption process, model solu-
tions were prepared containing 100 mg Fe;04-BCPP in
50 ml varying in pH range of 2-6 and at an initial
concentration of 10 mg/L. The adsorption process was
applied at room temperature, at a mixing rate of 50 rpm,
for 15 mins. The assay results are shown in Fig. 3.
Sulfadiazine may exist as cationic, neutral, and anionic
species, depend on the pH of the aqueous phase.
Sulfadiazine exists mainly in the cationic form for pH
<1.57 and mainly anionic form for pH > 6.50 .The
neutral form of sulfadiazine is prevalent when pH values
are between 1.57 and 6.50 .*"*?1 As the pH of the
solution increases, the ratio of neutral to the cationic
form of sulfadiazine increases and in the pH range of 2-
4 the interaction of analyte and adsorbent reaches its
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maximum, resulting in higher removal efficiency. When
pH > 5.0 the anionic form of sulfadiazine increases and
the removal efficiency decreases as a consequence of the
repulsion with negatively charged Fe;04-BCPP.
Therefore, in the subsequent experiments, a pH value
of 3 was selected as optimum.

The effect of the amount of adsorbent

One of the parameters affecting the efficacy of adsorp-
tion is the amount of sorbent used. The efficacy of
sorbent used at amounts of 0.5 g/L, 1.0 ¢/L, and 2 g/L
was examined, and the percentage removal of 10 mg/L
SDZ was seen to be 83 + 2.2% for 0.5 g/, 101 + 0.3% for
1 g/Land 97 £ 0.7% for 2 g/L . Therefore, the subsequent
experiments were conducted using 50 mg sorbent in
50 mL solution.

The effect of contact time and initial concentration of
SDZ on adsorption

To examine the effect of initial concentration and con-
tact time of adsorption of SDZ with Fe;O4-BCPP, time-
dependent experiments were conducted with 50 mg
adsorbent at 50rpm mixing speed using 50 mL model
solutions of pH 3 containing SDZ at 50, 100, and
200 mg/L. The changes occurring in adsorption at the
defined time intervals are shown in Fig. 4. The 50 mg/L
SDZ clearance rate was 90% in 20 mins, and 95% after
60 mins. The SDZ adsorption with Fe;O,-BCPP was
seen to stabilize after 60 mins.

Desorption and Re-use

The re-use of adsorbents is an important indicator in
the determination of the potential for commercial
applications. In the SDZ desorption studies, reactive
10% NH,, methanol, 10% NH;-Methanol and 15%
NHj3-Methanol solutions were used. 50 mg adsorbent

pH

Figure 3. The effect of the solution pH on adsorption of SDZ (C, = 10 mg/L, contact time = 15 min, amount of adsorbent = 2 g/L,).
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Figure 4. Effect of contact time and initial concentration of SDZ on the adsorption (pH: 3, amount of adsorbent = 1 g/L).

was added to the 50 mL model solution of pH 3
containing 10 mg/L SDZ and this was mixed for
15 min at 50 rpm. The Fe;O04-BCPP which had
adsorbed SDZ was separated from the solution
using a magnet and the liquid phase was discarded
with decantation. Then 50 mL desorption solution
was added to the magnetic biochar, and this was
mixed for 2 hours. The SDZ concentration in the
desorption solution was measured with UV-VIS spec-
trophotometry. With 101% of SDZ recovered from
Fe;0,-BCPP with 15% NHj;-Methanol, this was seen
to be a good desorption solution. The recovery per-
centages of the solutions used for desorption of SDZ
from Fe;O4-BCPP are shown in Table 2.

The re-usability of Fe;04-BCPP was investigated with
9 consecutive adsorption/desorption cycles (Fig. 5).
After 4 adsorption/desorption cycles, the SDZ adsorp-
tion efficiency obtained was 94 + 2% and desorption

of 4 cycles SDZ was observed to be 100 + 4% desorbed.
In the following cycles, the adsorption time was fixed at
15 mins and the desorption time of 3 hours was used.
After the 7th, 8th, and 9th adsorption-desorption cycles,
the mean SDZ desorption was found to be 85 + 3% and
desorption 88 + 2%. The re-usability of the adsorbent
was seen to remain stable after the 7th cycle.

Adsorption kinetics

To determine what type of role is played by the mechan-
ism characterizing the adsorption process, the so-called
first degree kinetic model and so-called second degree
kinetic model were used.”**—**
For the so-called first degree kinetic model, generally
the following equation is used: In(g. — ¢¢) = Ing. — kit
For the so-called second degree kinetic model, gen-

84 + 4%. The adsorption-desorption experiments were eralclly thek 5 following equation 18
repeated with a desorption time of 3 hoursand at theend 5% t/9. = 1/kaq; —1/4c
Table 1. Surface area and pore characteristics of BCPP and Fe;0, -BCPP,
Surface Properties
Pore volume Pore Radius
BET surface area m%/g /g nm
BCPP 526.6 0.06 1.89
Fe;0, -PPBC 247.0 0.13 471

Table 2. Desorption solution(n = 3).

Desorption Solution % Recovery
Methanol 56+ 1
%10 NHs in water 772
%10 NH; in methanol 85+ 2
% 15 NH; in methanol 101 £ 4
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Figure 5. Adsorption and desorption cycle (pH: 3, amount of adsorbent = 1 g/L, adsorption time: 15 min, desorption time: 3 h).

In these, q. and q; represent the amount of material
adsorbed (mg/g) in balance and in t time, k; indicates first
degree adsorption fixed rate (min'), and k,
indicates second degree adsorption fixed rate (g/mg. min).

For the so-called first degree kinetic model, the k; and
ge values were calculated with the cutoft point of the
y axis and the linear relationship curve obtained by
plotting the 1 n value (qe-qt) against t.

For the so-called second degree kinetic model, the qe
and k, values were calculated with the cutoff point of the
y axis and the linear relationship curve obtained by
plotting the t/qt value against t.

The adsorption kinetic data defined in the so-called
first and second degree kinetic models are shown in
Table 3. The choice of the suitable kinetic model was
adjudged by comparing the error analysis values and
correlation coefficients (RZ). As seen in the Table 3, the
R? values for Fe;0,-BCPP for the first model were found
to be 0.709 and 0.684, respectively. The correlation
coefficient for the data of this model was low, so it was

Table 3. The kinetic parameters for Fe;0,-BCPP adsorption of
SDZ (n = 3).

Kinetic models

Pseudo-first order  Pseudo-second order

Error functions model model

Sum of the squares of 6.454 0.971
errors (SSE)

Sum of absolute errors 4.260 1.780
(EABS)

The mean square error 1.076 0.162
(MSE)

Root means square error 1.136 0.441
(RMSE)

Cie square (X?) 2.86x107° 4.54x107*

concluded that this was not an appropriate model. The
R? values for Fe;0,-BCPP for the second model were
found to be 0.9999 and 0.9374, respectively. The higher
correlation coefficients and lower error values for Fe;O,4-
BCPP adsorption of SDZ showed that the second degree
kinetic model was suitable. Error functions for kinetic
models and their mathematical formula were given in
Table 4 and Table S1 respectively

This kinetic model is based on the assumption that the
speed limiting stage could be chemical adsorption involving
balancing forces through the exchange or sharing of elec-
trons between the adsorbent and adsorbate.

Adsorption capacity

Adsorption isotherm studies are of fundamental impor-
tance in the determination of the SDZ adsorption capa-
city of Fe;04-BCPP. Balance data have been investigated
using Langmuir, Freundlich and Temkin isotherm mod-
els. While Langmuir accepts that adsorption isotherm is
single layer adsorption on a homogenous surface,
Freundlich isotherm refers to the Temkin adsorption
model on heterogenous surfaces, as chemical adsorption

Table 4. Error functions for kinetic models.

Pseudo-first order rate  Pseudo-second order rate

parameter parameter
sDz Qe .
concentration (mg/ kq (mg/ ks
(mg/L) g) (mn) R g) (min~") R2
50 405 0035 07086 4762 0019 09999
200 11.06 0017 0.6840 6494 1.44x107* 09374
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based on powerful electrostatic interaction between
positive and negative loads.”****”) The Langmuir
model is stated with the linear equation below:

C, 1 C,

qe B Qmaxb Jmax

In this, qe(mg/g) indicates the amount of analyte
adsorbed per unit of sorbent mass in the balanced solu-
tion, Co(mg/L) is the concentration of analyte in the
balanced solution, q,.x(mg/g) is the maximum amount
of analyte adsorbed per unit of sorbent mass, and b (L/
mg) is a constant associated with the affinity of the
binding regions.

Qmax and b Langmuir constants are calculated from
the curve of the linear graph drawn between C, and C,
/qe and the shift values.

The Freundlich linear equation is expressed as:

1
Inge =InKs +-InC,
n

In this, the K; (L/g) and n Freundlich constants are
adsorbent capacity and heterogeneity factor, respec-
tively. The kF and n values are calculated from the
curve and cutoft point of the linear graph drawn accord-
ing to Inge and InCe.

The following equation is used for the Temkin iso-
therm model:

qe =2 InA+ 5 In Ce

In this, the By = RT/b constant is related to the adsorp-
tion temperature, R is the gas constant (8.314 J/mol K),
T (K) is the absolute heat in Kelvin units, and b (J/mol) is
the Temkin isotherm constant and adsorption energy
variable.

A is the balance binding constant corresponding to
maximum binding energy. Both Bt and A, are calculated
from the curve and cutoff point of the linear graph based
on In(Ce) and corresponding to ge.

The isotherm constants and correlation coefficients
(R?) are shown in Table 5 and graphs of adsorption
isotherm Figure S3. The experiment data related to the
correlation coefficients showed that the Fe;O,-BCPP
adsorption of SDZ was consistent with Langmuir iso-
therm (R* = 0.9998), demonstrating that the adsorption
was homogenous and occurred in a single layer.

Table 5. The parameters of the langmuir, freundlich and temkin
models for SDZ adsorption.

Langmuir Frendluich Temkin

q max b R? Ke n RZ Bt At R?
(mg/g

(mg/g) (L/mg) (L/mg)""™

95.2 13 0.9998 1.17° 0.3 09202 94 49.2 0.9921

Separation constant (Ry) is one of the most important
parameters of the Langmuir isotherm. Ry is calculated as
given by the following equation,

1

Re = 1+ bCy

where C, is initial concentration of the adsorbate and
b is a Langmuir isotherm constant. In this regard, separa-
tion constants were calculated as 0.004-0.038 for different
concentrations SDZ. The R; value between 0 and 1 indi-
cates that the adsorption process is favorable.™**!

Comparisons of Fe;O4-BCPP with other adsorbents
are listed in Table 6. The SDZ adsorption capacity of Fes
0,4-BCPP was seen to be at a comparable level with other
adsorbents. The adsorption duration of Fe;04-BCPP
was seen to be comparable and better when compared
to other adsorbents.

Effect of interferences

In order to understand the applicability of the pro-
posed MSPE in the real field, the effects of organic
and inorganic pollutants on SDZ removal were
investigated. Interfering components and their con-
centrations have been selected taking into account
the the current previous wastewater studies in
literature.*>*°! These components were added to
solutions of 50 mL containing 10 mg/L SDZ as
their chloride, nitrate, sulfate and salts within the
range of 50-3000 mg/L. The proposed MSPE
method was applied. The obtained results are
shown in Table 7. The results demonstrate that the
developed method is suitable for the removal of
SDZ from water samples.

Table 6. Comparison of Fe;0,-BCPP with previously studied
adsorbents.

capacity Adsorbent Adsorption
Adsorbents (mg/q) g/L pH Time (h)  Reference
(SB-6-2.5 86.89 1 4 12 B2
Coffee grounds 0.22 333 68 24 B9
derived biochar
amino- 124.6 0.1 - 12 a1
functionalized
porous carbon
materials
Multi-walled carbon 13233 1 3 2 tn
nanotubes
MMWCNTs-MIP 48.4 0.2 4 1 2
Glucose-based 246.73 0.25 4 2 131
mesoporous
carbon
silica ZSM-5 6.21 0.2 44 48 e
Fe30,4-BCPP 95.2 1 3 1 This

Study




Table 7. Effect of interfering ions on the removal of SDZ (n = 3).

Removal

Substance/lon Salt Concentration (mg/L) %

Ca** Ca(NOs), - 4H,0 1000 96.4 + 0.1
Mg** Mg(NOs), - 6H,0 1000 97.8 + 0.3
K* KCl 1000 98.7 + 0.7
Na* NaCl 1000 99.4 +0.2
- Nacl 1500 99.4 + 0.2
NO;~ Ca(N0s),4H,0 3000 978 +0.3
50,> Na,S0, 500 98.2 + 0.6
HCO;™ NaHCO; 500 99.7 £ 0.3
CH,C00™ NH4CH5CO0 500 99.8 + 0.3
Glucose - 1000 96.6 + 0.3
Urea - 100 98.2 + 0.1
Peptone - 50 934+ 04
Starch - 150 97.6 +0.8

Table 8. The efficiency of Fe304-BCPP in removing SDZ from real
water samples (pH:3, amount of sorbent:1 g/L, Adsorption time:
mixing at 50 rpm for 1 hour).

SDZ (mg/L)
10 20
Tap Water 956+ 0.3 852 +0.2
River 96.1 +0.2 86.2+28
Sea Water 96.5 £ 0.9 87.5+05
Waste Water 476 + 25 42 +09

Removal of SDZ from real water samples

The determination of the adsorption efficacy of sorbents in
real water samples is very important economically and to
be able to implement sustainable water treatment
applications.'*”! Therefore, the efficacy of the recom-
mended procedure in real samples was investigated by
applying it to samples of tap water, river water, waste
water, and sea water. The recommended adsorption
method was applied to 100 mL water samples and water
samples with additives under optimum conditions. The
efficacy of the removal of SDZ from different water samples
is shown in Table 8.

As seen in the table, the removal percentages for the tap
water and river water samples with 10 mg/L and 20 mg/L
added SDZ were 85.2 + 0.2% and 96.1 + 0.2%, respectively.
That similar removal percentages were obtained for the
SDZ spiked sea water samples shows that the method was
not affected by the high salt content. However, the results
showed lower removal efficacy in the waste water samples.
As waste water has complex chemical components and
microbial populations, this can be said to have significantly
affected the efficacy of SDZ removal. The chromatograms
of the real sample applications are given in Figure S4.

Conclusion

The results of this study demonstrated that Fe;O4-BCPP
as the magnetic adsorbent can be used effectively at low
cost for the clearance of SDZ from water samples and

SEPARATION SCIENCE AND TECHNOLOGY @ 2529

has good potential for application. The maximum SDZ
adsorption capacity of Fe;0,-BCPP was found to be
95.2 mg/g. Fe;0,-BCPP has the important advantages
of high adsorption capacity, good re-usability, and
a short adsorption time. Moreover, Fe;0,-BCPP
obtained from pomegranate peel can be used as
a promising and effective adsorbent for the clearance
of various other pollutants in the improvement of waste
water treatment facilities and the environment.
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