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Abstract: Environmental pollution caused by the improper disposal of pharmaceuticals is a matter of
global concern, and warrants immediate attention. Of particular concern is the aquatic contamination
caused by the increasing use of antibiotics, which could give rise to superbugs. While researchers have
mainly focused on improving the adsorption capacity of mostly activated carbon-based adsorbents,
we have developed a non-conventional adsorbent (SiC nanoparticles) in the present work for
the adsorptive removal of four different nitroimidazole antibiotics, namely metronidazole (MNZ),
dimetridazole (DMZ), ronidazole (RNZ), and tinidazole (TNZ). In addition to the unique properties
which are inherent to SiC, the present adsorbent not only possesses a high adsorption capacity, but
also shows one of the highest adsorption rates; both of which are prerequisites for an efficient
and cost-effective adsorption-based separation technology. Silicon carbide (SiC) nanoparticles,
synthesized by a microwave-assisted method, were thoroughly characterized using X-ray diffraction,
scanning electron microscopy, transmission electron microscopy, and the Brunauer-Emmett—Teller
method. The adsorption isotherm data were accurately described by the Langmuir isotherm model.
On the other hand, the adsorption kinetics, closely represented by the pseudo-second order kinetic
model, were faster than most previously reported adsorbents. The reaction rate constants were 0.0089,
0.0079, 0.0072, and 0.0055 g/(mg min), for MNZ, DMZ, RNZ, and TNZ, respectively.

Keywords: microwave-assisted method; SiC nanoparticles; efficient adsorptive removal;
nitroimidazole antibiotics

1. Introduction

Antibiotics have increasingly been applied in the treatment and prevention of a wide variety
of bacterial infections. However, their occurrence in the aquatic environment is an emerging
environmental problem, which is mostly caused by the effluents of pharmaceutical industries and
hospitals, in addition to veterinary and human medication uses [1,2]. Approximately 30%—90% of
antibiotics administered remain un-degraded in the human or animal body, and are largely excreted
as an active compound [3,4]. This is a matter of grave concern, as the prevalence of antibiotics in the
natural environment can give rise to superbugs, which are drug-resistant bacteria. The removal of
such pollutants are therefore of paramount importance.
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In the present study, we focus our attention on the widely used nitroimidazoles antibiotics,
which possess antibacterial and anti-inflammatory properties, and are therefore commonly prescribed
for treating infections caused by protozoans and anaerobic bacteria, such as Giardia lamblia and
Trichomonas vaginalis [5,6]. Metronidazole (MNZ) is a nitroimidazole antibiotic, which is commonly
used for the treatment of anaerobic bacteria and protozoa [7]. Dimetridazole (DMZ) is a drug that
combats protozoan infections. Ronidazole (RNZ) is an antiprotozoal agent employed in veterinary
medicine to treat histomoniasis and swine dysentery [8]. Tinidazole (TNZ) is an anti-parasitic drug
used against protozoan infections [9]. The chemical and physical characteristics of MNZ, DNZ, RNZ,
and TNZ, are summarized in Table 1.

Table 1. Physicochemical properties of nitroimidazole antibiotics, DMZ: Dimetridazole; MNZ:
Metronidazole; RNZ: Ronidazole; TNZ: Tinidazole.

. Molecular Molecular Weight Melting Point
Nitroimidazole Formula (g-mol 1) pKa ©0)
DMZ CsH7N30, 141.13 2.81 138-141
MNZ CeHoN303 171.15 2.58 159-163
RNZ CeHgN4O4 200.15 1.32 168-169
TNZ CgH13N304S 24727 2.30 118-120

Several separation technologies, e.g., adsorption, photo-degradation, ozonation, and biological
methods etc., have been suggested for the removal of nitroimidazoles from aqueous solutions [10-22].
However, the choice of the most suitable technology depends upon its cost-effectiveness for large-scale
applications. Adsorptive removal using adsorbents with large surface areas is mostly preferred
when low concentrations of organic and inorganic contaminants are involved. For the removal of
nitroimidazoles, the activated carbon-based adsorbents have mostly been investigated. For example,
Ahmed and Theydan [10,11] prepared different kinds of activated carbon samples using Siris seed
pods, for the adsorption of metronidazole. Activated carbon produced by microwave-induced KOH
activation yielded the best results, with an adsorption capacity of 196.31 mg/g. The removal of
metronidazole was governed by the second-order adsorption kinetics. The rate constant at 303 K was
found to be 0.0039, 0.0013, and 0.0011 g/(mg min), for 20, 60, and 100 mg/g of initial metronidazole
concentration, respectively. It took as long as 180 min for the equilibrium to be established [10,11]. On
the other hand, the use of activated carbon cloth by Orellana-Garcia et al. [12] yielded a higher uptake
of the nitroimidazoles (500 mg/g for MNZ and 600 mg/g for DMZ). However, the adsorption rate was
significantly slower, taking as long as 220 min to reach equilibrium. Recently, Flores-Cano et al. [13]
produced activated carbon samples from coffee residues and almond shells possessing surface areas in
the range of 104-222 m?/g. Though the coffee residue-based activated carbon was better than that
produced from the almond shell, its uptake was limited to 126 and 111 mg/g for MNZ and DMZ,
respectively. Nevertheless, the authors argued that the performance of their adsorbents was superior
to other high surface area adsorbents, if the antibiotic removal was evaluated on the basis of the
surface area, instead of the commonly used mass basis. However, these adsorbents showed higher
rates of antibiotic removal when compared to most other activated carbon-based adsorbents, since
the equilibrium was established in only 50 min. Using Fe-modified sepiolite, Ding and Bian [14] were
able to significantly enhance the uptake of the metronidazole, as compared to the original low-cost
sepiolite. Yet, the adsorption capacity of the modified sepiolite (Langmuir isotherm maximum uptake,
Qm = 5.62 mg/g at T =303 K and R?= 0.9470) was substantially lower than most other adsorbents
reported in the literature. Despite its poor adsorption capacity, the adsorption kinetics were relatively
faster (equilibrium time < 30 min), when compared to other adsorbents reported in the literature.
Adsorption is a surface-based rate process that causes an increase in the adsorbate concentration at the
adsorbent surface, owing to the surface forces arising from the adsorbent-adsorbate interaction. In the
present, nitroimidazole-adsorbent interaction is mainly attributed to the cation exchange and surface
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complexation reactions (H-bonding and other polar interactions) between multifunctional antibiotic
molecules [23].

Clearly, most researchers have focused on improving the uptake capacity of adsorbents for the
removal of contaminants. For the development of an efficient and cost-effective adsorptive separation
technology, however, both the adsorption capacity and the adsorption rate are equally important.
In fact, adsorbents with higher adsorption and desorption rates are a prerequisite for the economy of
any large-scale water-treatment process, where multiple cycles based on the adsorbent regeneration
are employed. In the present work, we therefore report the preparation and characterization of a novel
adsorbent that possesses both a high removal capacity, and a high uptake rate, for nitroimidazoles.
To this end, we consider silicon carbide (SiC), which is a non-oxide ceramic with a high melting
point, high hardness, high wear resistance, low thermal expansion coefficient, and good chemical
resistance [23-25]. These properties make SiC useful for numerous applications, such as polishing
paste, grinding, wear-resistant, and high-temperature structural materials, catalyst supports, filters
for molten metal or hot gases, and reinforcement in the preparation of composites [23,26-29]. These
properties of SiC are equally important for its application as a granular medium for the adsorptive
removal of antibiotics, based on fixed/fluidized bed processing of the contaminated water with
multiple regeneration cycles of the adsorbent. In the following, we first describe the synthesis of
SiC nanoparticles via sol-gel and microwave radiation. Its rigorous characterization is then reported.
The efficacy of the SiC nanoparticles, thus prepared, is investigated for the removal of four different
antibiotics, i.e., DMZ, MNZ, RNZ, and TNZ, from aqueous solutions. The influence of solution pH and
temperature are examined on the antibiotic uptake efficiency of the adsorbent. Both the experimental
equilibrium and kinetic data were processed in conjunction with well-known theoretical models,
in order to examine their capability to accurately describe the experimental data. Finally, the removal
efficacy of the present adsorbent is compared with previously reported adsorbents in the literature.

2. Materials and Methods

2.1. Preparation of SiC Nanoparticles

Raw materials used in the present study were obtained from Sigma-Aldrich Ltd. (Sydney,
Australia). Sol was prepared by mixing 20 g of glucose, 25 mL of water, and 15 mL of ethanol.
A total of 35 mL of TEOS was the added to the mixture. During mixing, the pH was controlled by
gradual addition of 0.05 M HCl. Alcohol was removed from the sol by heating at 40 °C. This led
to the condensation of particles, which were joined together and formed polymeric gel containing
siloxane bonds, with a carbonaceous phase in its structure. Since the application of microwave heating
provides low cost, rapid preparation, and the highly uniform growth and aggregation of particles [24],
the derived gel was heated under microwave irradiation with an output power of 500 W for 20 min.
The gel was obtained after drying at 110 °C for 12 h. After sonication in an ultrasonic homogenizer
(APUS500, 40 kHz, 100 W, Adeeco Co., Tehran, Iran), the xerogel was placed in an alumina tube furnace,
and heated to 1400-1500 °C under a flowing argon atmosphere (3 h). Finally, the products were washed
with distilled water and absolute ethanol several times, and dried at 80 °C for 12 h.

2.2. Characterization

Scanning electron microscopy (SEM; JSM-5600, JEOL, Tokyo, Japan) and transmission electron
microscopy (TEM; JEM-2100F HR, 200 kV, JEOL, Peabody, MA, USA) were used to characterize the
morphology of the SiC particle. Nitrogen adsorption—-desorption isotherm measurements (77.4 K using
ASAP2010, Micromeritics, Norcross, GA, USA) and X-ray diffraction (XRD; Philips X'Pert, PANalytical,
Warszawa, Poland) were also performed to characterize the structure of the SiC particle.



Appl. Sci. 2017, 7, 205 40f12

2.3. Equilibrium Studies

A fixed amount of adsorbent (0.1 g) was added to 250 mL Erlenmeyer flasks containing 100 mL of
different initial concentrations (30, 60, and 90 mg/L) of nitroimidazole solutions, without adjusting
the pH. Experiments were carried out at initial pH values that ranged from 2 to 10. The initial pH of
the solution was adjusted to the desired value by adding either HCl or NaOH solution. The effect of
the presence of electrolytes on the adsorption was analyzed by increasing the concentrations of KCl
(0.005-0.1 M). At equilibrium, the concentration of nitroimidazole was measured at 308 nm (RNZ),
317 nm (TNZ), and 320 nm (MNZ and DMZ), by a double beam UV-vis spectrophotometer (Model
UV 1601; Shimadzu, Kyoto, Japan). Each experiment was conducted in duplicate, under identical
conditions. For computing the amount of antibiotics adsorbed at equilibrium, g, (mg/g), the following

material balance was used: v

%z(%—ca(w), M

where Cy and C, are the initial and final equilibrium concentrations of nitroimidazole in mg/L,
respectively. Also, W is the adsorbent mass (g), while V is the volume of the aqueous solution (L).

2.4. Kinetic and Equilibrium Models

The experimental data for the adsorption kinetics of nitroimidazole antibiotics onto SiC NPs were
analyzed using different models, which are listed in the following.

(i) The pseudo-first order kinetic model is given as follows [30]:

k
l0g(de = 1) = 5355t +108(7¢), @)

where g; is the amount of nitroimidazoles adsorbed (mg) per unit mass (g) of the adsorbent at
time t, and k; is the rate constant in (min~!) of the pseudo-first order kinetics.
(ii) The pseudo-second order kinetic model is given as follows [31]:

t t 1
—=—+—, (3)
e qe  kogg

where k; is the rate constant in (g/(mg min)) of the pseudo-second order kinetics.
(iii) The intra-particle diffusion kinetic model is given as follows [32]:

g =Kit'2 +C, O
where C is the intercept and K; is the intra-particle diffusion rate constant (mg/(g-min'/2)).

The equilibrium experimental data were analyzed using Langmuir, Freundlich, and Flory—-Huggins
isotherm models. These isotherms are listed in the following.

(i) The Langmuir isotherm model is given as follows [33]:

Ce _ L 1
(’76) B cheJr KLQn’ ©)

where Q,; is the maximum adsorption capacity (mg/g) that corresponds to monolayer coverage,
and K is the Langmuir isotherm constant (L/mg).
(ii) The Freundlich isotherm model is given as follows [34]:

In(g.) = In(Kp) + %ln(Ce), (6)
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where g, (mg/g) is the equilibrium nitroimidazole concentration on SiC NPs, while Kr and 1/n
are constants of the isotherm model.
(iii) The Flory-Huggins model is given as follows [35]:

0
lOga = IOgKFH + nry log(l - 9), (7)

where 6 is the degree of surface coverage, nry is the number of nitroimidazole molecules that
occupy the adsorption sites, and Kry is the equilibrium constant of adsorption.

3. Results and Discussion

3.1. Characterization of SiC Nanoparticles

The XRD pattern presented in Figure 1 shows strong and sharp diffraction peaks, indicating the
crystalline structure of the product. The diffraction peaks at approximately 35.81, 41.41, 60.21, 71.91,
and 75.61, can be indexed as (111), (200), (220), (311), and (222) planes of 3-SiC (Joint Committee
on Powder Diffraction Standards (JCPDS) card No. 29-1129), respectively. The crystallite size of the
nanoparticles was estimated using the Debye-Scherrer equation:

R
~ Pcost

where D is the diameter of nanoparticles, k = 0.94 is the dimensionless shape factor, A (wavelength of
X-rays used) = 1.5406 x 10710, B is the full width at half-maximum, and 6 is the Bragg angle. Its value
was found to be 25 nm.
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Figure 1. X-ray diffraction pattern of SiC nanoparticles.

The morphology and structure of the as-prepared SiC products were characterized by SEM
and TEM in the present study. Figure 2A presents the TEM image of SiC nanoparticles. Numerous
nanoparticles with semi-spherical morphology were observed from the TEM image. The particles
are approximately 10-40 nm in size. Their diffraction patterns indicate three perfect diffraction
rings, which correspond to the (311), (220) and (111) planes of cubic SiC. Figure 2B shows typical
scanning electron micrographs of SiC nanoparticles. Single-phase primary particles with almost
spherical-shaped nanocrystallites were observed. According to this figure, it can be observed that after
the removal of the volatile materials, precursor particles form a nearly nanosized structure with a semi
spherical morphology.
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Figure 2. Transmission electron microscopy (TEM) (A) and scanning electron microscopy (SEM) images
(B) of SiC nanoparticles.

The nitrogen adsorption and desorption isotherms for the SiC nanoparticles were also determined.
The total pore volume and specific surface area were 0.06 cm3-g~! and 39.43 m2-g~!, respectively.

3.2. Adsorption Study

Figure 3 shows the effect of contact time on the nitroimidazole adsorption onto SiC NPs, for the
initial concentration, Cy = 30 mg-L~!. Nitroimidazole adsorption rapidly increased with time and then
reached equilibrium. The contact time required to reach equilibrium was almost 20 min. The removal
rate of the adsorbate is higher in the beginning because of the large surface area of the adsorbent
available for adsorption, which gradually decreased with the progress of time.
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Figure 3. Effects of contact time on the adsorption of nitroimidazoles onto SiC NPs (Cy = 30 mg/L,
T =25 °C; adsorbent dose = 0.1 g, pH = 8).

The pH of the solution strongly influences adsorbents” surface charge and the ionization of other
species present in the aqueous solution. While hydrogen and hydroxyl ions are strongly adsorbed,
the adsorption of other ions is often affected by the pH of the solution. Figure 4 shows the effect of pH
on nitroimidazole removal by adsorption on SiC NPs at an initial concentration of 30 mg-L~!, in the
pH range of 1 to 11. The adsorption capacity of nitroimidazoles by SiC NPs increased with increasing
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pH, and reached a maximum value at pH 8. A slight decrease in nitroimidazole removal was often
observed at a pH greater than 9.
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Figure 4. Effects of initial pH on the adsorption of nitroimidazoles onto SiC NPs (Cy = 30 mg/L,
T =25 °C, adsorbent dose = 0.1 g).

Extensive investigations on nitroimidazole adsorption have revealed that its uptake strongly
depends upon the concentration and nature of the electrolyte ionic species added to the ion bath [36,37].
The effect of inorganic salt (KCl) on the adsorption rate of nitroimidazole on SiC NPs was investigated.
However, the presence of inorganic salt did not influence the adsorption rate of nitroimidazole. These
results confirm that the interactions involved in adsorption are not electrostatic.

3.3. Investigation of Adsorption Isotherms and Kinetics

Adsorption isotherm models describe the nature of interaction between the adsorbate and the
adsorbent, and yield important information about the mechanisms of adsorption. In the present study;,
three different isotherm models, represented by Equations (5)—(7), were used to fit the experimental
data. The isotherm parameters are reported in Table 2, along with R? values. It is clear that the
Langmuir isotherm model best describes the experimental data for nitroimidazole adsorption on
SiC NPs. Figure 5 further highlights the excellent agreement between the experimental data and the
Langmuir isotherm model. This indicates a monolayer adsorption of the antibiotics on the vacant
adsorption sites available on the surface of the SiC NPs, such that a dynamic equilibrium exists between
the two. Moreover, it confirms that available vacant sites on the SiC NPs, though fixed in number,
are of equal size with similar shapes, and can hold only one antibiotic molecule.

Table 2. Isotherm model parameters for nitroimidazole adsorption onto SiC NPs.

Langmuir Freundlich Florry-Huggins
Isotherm Model
QOm Ki R? n Kr R? Kru NrH R?
MNZ 114.817 0.103 1.0000 1971 16.481 09784 0.1125 2.065 0.9947
DMZ 119.786 0.071 09999 1945 15.625 09866 0.0659 1.161  0.9980
RNZ 126.859 0.051 09999 1.722 10.655 09878 0.0513 1.165 0.9974

TNZ 126.755 0.042 1.0000 1.672  9.029 0.9879 0.0392 1.008  0.9979
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Figure 5. Langmuir model for nitroimidazole adsorption onto SiC NPs (T = 25 °C; adsorbent
dose =0.1g, pH =8).

A dimensionless constant separation factor R, is defined, to determine whether an adsorption is
favorable or not. Adsorption is irreversible when R;, is 0; favorable when Ry, is between 0 and 1; linear
when R} is 1; and unfavorable when R; is greater than 1. R; is defined as follows:

1

T 1rKGY ®

Ry

All of the computed values of R; were in the range of 0.5-0.6 for SiC NPs, thereby confirming
that the adsorption processes for all of the four different nitroimidazole antibiotics investigated here
are favorable.

The adsorption kinetics describe the rate of the uptake of the nitroimidazoles on the silicon carbine
nanoparticles synthesized here. The mechanism and the potential rate-controlling steps involved in
the adsorption were examined using three kinetic models, namely, pseudo-first order (Equation (2)),
pseudo-second order (Equation (3)), and intraparticle diffusion (Equation (4)). The parameters k;
and g, for the pseudo-first order kinetic model were determined from the slope and intercept of the
plots of In(g. — g¢) versus t, and are reported in Table 3, along with the values of the correlation
coefficient R?. The values range from 0.95 for RNZ to 0.97 for MNZ. Moreover, the predicted values of
ge are significantly different from the actual experimental values. This suggests that nitroimidazole
adsorption onto SiC NPs cannot be described by the pseudo-first order kinetic model. Parameters of
other kinetic models are also listed in Table 3. It is obvious that the pseudo-seconder order kinetic model
is capable of accurately describing the experimental data of nitroimidazole adsorption. In this case,
the model parameters, i.e., k; and 4., were obtained from the slope and intercepts of plots of (t/g;)
versus t, as shown in Figure 6. The correlation coefficients (Rz) of linear plots have high values, which
suggest that nitroimidazole adsorption onto SiC NPs follows the pseudo-second order kinetic model.
It can be seen in Table 3 that there is an excellent agreement between the computed and experimental
values of g.. Since dg;/dt is proportional to the second power of (g, — g;), the antibiotic removal
will be much faster, initially owing to the higher driving force as compared to the later stages of
contact as g¢ — g.. Moreover, the rate-limiting step is the surface adsorption, which involves the
chemisorption of the antibiotics present in the aqueous solution to the adsorbent surface, due to a
physiochemical interaction.
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Table 3. Kinetic parameters for nitroimidazole adsorption onto SiC NPs.

Kinetic Models MNZ DMZ RNZ TNZ
fexperimental (mg/g) 27.04 +£0.049 26.10£+0.100 25.02 +0.072  24.00 & 0.042

Pseudo-first-order

ge (mg/g) 23.19 21.97 21.74 21.72
kq (1/min) 0.1651 0.1457 0.14650 0.1324
R2 0.9723 0.9537 0.9579 0.9720
Pseudo-second-order
ge (mg/g) 31.38 30.72 30.07 30.17
k (g/(mg min)) 0.0089 0.0079 0.0072 0.0055
R2 0.9954 0.9862 0.9827 0.9784
Intraparticle
diffusion
K; (mg/g-min®) 3.5283 3.1826 3.2955 3.7271
C 11.273 10.934 9.469 6.298
R2 0.9989 0.9773 0.9583 0.9783
0.9 -
0.8 ]
07 1 TNZ:y =0.0331x + 0.2007
] RNZ:y =0.0333x + 0.1527
0.6 1 »
< 0.5 ]
0.4
03 DMZ:y = 0.0326x + 0.1343
: MNZ: y = 0.0319x + 0.1139
(I S e . T . e . . T ———
0 5 10 15 20
Time, t (min)
® MNZ E DMZ A RNZ X TNZ
—— MNZ-Fit ——DMZ-Fit —— RNZ-Fit ——TNZ-Fit

Figure 6. Pseudo-second order kinetic model for nitroimidazole adsorption onto SiC NPs (Cy =30 mg/L,
T =25 °C; adsorbent dose = 0.1 g, pH =8).

For the intraparticle diffusion model represented by Equation (4), the nitroimidazole antibiotic
uptake at any instance of time depends upon on the intraparticle diffusion coefficient (K;) and
parameter C, which is a measure of the thickness of the boundary layer. According to the model,
the plot of uptake quantity versus /t would be linear if intraparticle diffusion governs the process
of adsorption. Moreover, if the lines pass through the origin, then the intraparticle diffusion is the
rate-controlling step. Plots that do not pass through the origin indicate some degree of boundary layer
control. This indicates that other models may control the rate adsorption.

3.4. Comparison

In the literature, the comparison of adsorbents is mainly based on the contaminant uptake
capacity, which is mostly reported on the basis of per unit mass. Uptakes as high as 500 to 600 mg/g
have been reported when using activated carbon cloth [12], while employing a relatively high initial
concentration of the antibiotics. However, Flores-Cano et al. [13] recently used the adsorbent surface
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area as a basis for evaluating the adsorbent performance. The reported uptake in their case reached
567 x 10~*mg/m?, which was higher than the other adsorbents previously reported in the literature.
In the present case, the adsorption capacity varied from 115 to 127 mg/g, which in terms of the surface
area, is 2907 x 1073 to 3211 x 10~3mg/m?. Thus, the values obtained in the present investigation are
several times higher than the highest reported so far [13]. Moreover, as pointed out earlier, adsorbents
with faster contaminant removal rates are of paramount importance for an efficient and cost-effective
implementation of the adsorption-based separation process. Since previous research has focused on
improving the adsorption capacity, most adsorbents developed so far generally show a slow uptake
of the nitroimidazoles. For example, activated carbon samples using Siris seed pods with second
order adsorption kinetics, took almost 180 min to reach equilibrium [10,11]. On the other hand, the
adsorption kinetics of activated carbon cloth with one of the highest adsorption capacities per unit
mass, was even slower; taking as long as 220 min to reach equilibrium. The adsorbents prepared
by Flores-Cano et al. [13], with an equilibrium time of 50 min, appear to be faster than most other
previously reported adsorbents. However, in the present case, the adsorption kinetics were even
faster. The rate constants were 0.0089, 0.0079, 0.0072, and 0.0055 g/(mg min), for MNZ, DMZ, RNZ,
and TNZ, respectively. These values are several times higher than those reported by Ahmed and
Theydan [10,11]. Therefore, the time to reach equilibrium in the present case of the SiC adsorbent was
only 20 min, which appears to be shorter than most other adsorbents with a similar adsorption capacity
reported in the literature. Since the adsorption is a surface-based rate process, which depends upon
the availability of vacant sites on the surface, an adsorbent with a large surface area usually yields a
high removal capacity. On the other hand, as far as the removal kinetics are concerned, easy access to
the available vacant sites is of paramount importance, owing to the presence of the mass transport
resistances, which hinder the movement of adsorbate molecules. Of particular concern is the internal
mass transport resistance occurring inside the pores of the adsorbent. In the present case, the vacant
sites of SiC NPs are mostly contributed by the external surface, which provides relatively easier access
to antibiotic molecules, unlike activated carbon-based adsorbents, where adsorbate molecules have to
diffuse through the interstices of the porous structure to find vacant sites for adsorption. As a result,
SiC NPs yield a significantly higher rate of antibiotic removal.

4. Conclusions

Rigorous kinetic and equilibrium studies were carried out for the adsorption of nitroimidazole
from aqueous solutions onto the SiC NPs synthesized in the present study. Results of adsorption
showed that SiC NPs can be effectively used as adsorbents for the efficient removal of nitroimidazole
antibiotics. Isotherm studies indicate that the Langmuir model fitted the experimental data better than
the Freundlich and Florry-Huggins isotherm models. On the other hand, the adsorption kinetics were
best described by the pseudo-second order kinetic model.
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