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L adsorption process followed the Langmuir adsorption isotherm with a

[=]%% correlation coefficient of 0.994 and a pseudo-second-order kinetic model
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the synthesized adsorbent was 400 mg/g. In conclusion, the
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for the removal of methotrexate from pharmaceutical wastewater.
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aquatic ecosystems including groundwater and
surface water resources via diverse wastewater
effluents. The main sources of these
pharmaceutical residues are linked with

Introduction
Nowadays, an extensive range of cytostatic drugs
such as methotrexate has been discovered in
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hospitals, animal farming, and industrial-scale
agricultural activities. These compounds are
biologically active in trace concentrations and
keep their treatment after existence discharged
into aquatic ecosystems, increasing worries about
the potential hazards to the human health and
living organisms Therefore, this study was
carried out to the evaluation of the removal
efficacy of methotrexate from aqueous solutions
using AC@Fe;0,@Zn0O nanocomposite as a
novel adsorbent.

Materials and methods

In the first step, the rice straw (RS) material was
washed with deionized water and dried at 70 °C
for 24 h in an oven to remove moisture. RS
material is pulverized to power using a steel
blender and passed through a screen of 40 mesh
size. Afterward, 15 g of the sample was put in
Teflon-lined hydrothermal autoclave reactors (25
ml) and put into a furnace under Ar atmosphere
at 700 °C for 1 h. After carbonization, 10 g of
obtained RS was mixed with 50 g KOH in a
mass ratio of 1:5 under stirring for 1 h. Finally,
the sample washing with deionized water several
times until the pH of the wastewater was neutral
and dried at 110 °C for 24 h. Then,
AC@Fe:04@Zn0O nanocomposite was
synthesized by hydrothermal method. For the
preparation of  magnetite-activated carbon
(AC/Fes04), obtained activated carbon powder
from rice straw was dispersed in 70 ml EtOH and
the mixture  was homogenized via
ultrasonication. After 3 h, 1.5 g FeCls.6H;0 and
3.2 g CoH3NaO- were added to the mixture at 25
°C and stirred for 30 min. At the end, the mixture
was added to a 100 ml Teflon-lined stainless-
steel autoclave for 10 h at 200 °C, washed
several times with ethanol and deionized water,
and dried in a vacuum for 6 h at 60 °C. Then, in
order to prepare the AC/Fe304/Zn0O, about 0.90 g
of Zinc Acetate powder was added to 35 ml of
methanol solvent and mixed with 35 ml of
AC/Fe304 suspension, and finally ultrasonicated
for a period of 2 h. Moreover, AC@Fe;0.@Zn0O
nanocomposite was characterized using X-ray
diffraction (XRD; 38066 Riva, d/G.Via M.
Misone, 11/ D (TN), Italy), scanning electron
microscopy (SEM; SEM-EDX, XL30, and
Philips Netherlands), pHpzc, Fourier transform
infrared  spectroscopy (FTIR; Perkin-Elmer
model Spectrum GX, USA), Brunauer, Emmett,
and Teller (BET) and vibrating sample
magnetometry  (VSM; Daghigh Meghnatis
Kashan Co., Kashan, Iran) analysis methods. The
effect of variables such as pH, amount of
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adsorbent, temperature, and contact time on the
efficacy of methotrexate removal was studied.
Finally, experimental data were compared by
Langmuir (L), Freundlich (F), and Temkin (T)
isotherm and pseudo-first-order (PFO), and
pseudo-second-order (PSO) kinetic models. In so
doing, the static adsorption batch experiments
were conducted in a 25 ml conical flask with
0.01 g of the AC/KOH and AC/Fes04/ZnO
nanocomposite and 10 ml of various primary
concentrations of CP solution (20.0-230 mg/I)
and after that, the samples were kept in a water
bath shaker at 180 rpm for 24 h at 25 °C.
Afterwise, the impacts of pH factor on the CP
adsorption were altered from 3.0-10.0, utilizing
hydrochloric acid and/or sodium hydroxide
solutions (0.10 mol/l). The Kinetic investigations
were carried out utilizing the same way by taking
10 ml of CP (20, 40, and 60 mg/l) and 0.01 g of
AC/KOH or AC/Fe;04Zn0. Finally, the
AC/KOH or AC/Fe304/Zn0O was isolated at the
designed  adsorption time by magnetic
decantation.

Results

The AC/KOH displays a rock-like shape with an
irregular and heterogeneous surface morphology
of AC and activation with KOH creates cavities
that are smooth with many different sizes and
shapes of the synthesized AC. The SEM image
reveals that FesOs nanoparticles with spherical
shapes were deposited on the AC. Meanwhile,
the crystalline ZnO was dispersed uniformly on
the surface of AC/Fe3Os. Compared with the
pure AC/KOH, a large number of cavities
formed on the surface of AC/Fes04/Zn0O
nanocomposite. SEM-EDX elemental analysis of
AC/Fe304/ZnO nanocomposite demonstrates that
Fe, O, Zn, and C appear in the sample. Based on
the XRD results, the peak at 26=20° is consistent
with carbon after KOH activation. For Fe3Os, the
peaks were located at 30.27°, 35.66°, 43.27°,
53.61°, 57.20°, and 62.74°. A comparison of the
XRD pattern of ZnO nanoparticles with the
standard XRD pattern shows the appearance of
peaks around 26=30.05, 31.71, 34.36, 36.47,
56.53, 62.89, and 67.98°. Based on the FT-IR
spectrum, a broad absorption band observed at
3377/cm was attributed to the O—H stretching
vibrations of water present in AC. The stretching
band around 2383/cm is attributed to C-O. The
stretching band at 481/cm is assigned to C—O—C.
The strong band at 1600/cm is related to the C-C
band. As illustrated in AC/FesOs4 sample, the
strong band at 617/cm on AC/Fe30, s assigned to
Fe— O. The peaks appearing in 499/cm and
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615/cm are attributed to the metal-oxygen (M—
0). The findings showed that the removal
efficiency increased until 0.02 g adsorbent and
60 min contact time. The optimum pH for
methotrexate removal was 7.0 (Fig. 1).
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Fig. 1 Effect of solution pH on the removal
percentage of methotrexate by AC/Fez04/Zn0O
nanocomposite

Moreover, under these conditions, the adsorption
process followed the Langmuir adsorption
isotherm with a correlation coefficient of 0.994,
and the pseudo-second-order kinetic model with
a correlation coefficient of 0.999 (Tables 1 and
2). The maximum adsorption capacity of the
prepared adsorbent is 400 mg/g.

Table 1 Isotherm data for adsorption of

methotrexate

Isotherm Parameter Value
b (L/mg) 0.077

i gm (Ma/g) 400
Langmuir R, 0.393
R? 0.994

Ke (mgh @ LYn/g) 62.6

Freundlich n 2.61
R? 0.976

B 74.9

Temkin Kr(L/mg) 1.38
R? 0.955

Table 2 Parameters of pseudo-first-order and pseudo-second-order models for methotrexate
adsorption by AC@Fe;0.@Zn0

Kinetic Model Parameters Dose of Adsorbate (mg/l)
20 40 50
PEO 0e(Mg/g) 32.20 45.8 93.8
ki (1/min) 0.084 0.073 0.077
R? 0.932 0.967 0.850
Qe2 (Mg/Q) 51.50 102 128
PSO k2 (g/mg/min) 0.005 0.003 0.002
R? 0.999 0.999 0.999
ge exp(mg/qg) 49.30 99.6 121
Conclusion

In general, the AC@Fes0,@Zn0O nanocomposite
could be considered an efficient adsorbent for the
removal of methotrexate from pharmaceutical
wastewater.
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Table 1 Parameters of pseudo-first-order and pseudo-second-order models for methotrexate adsorption by
AC@Fe;0.@Zn0O nanocomposite

Dose of Adsorbate (mg/l)

Kinetic Model Parameters
20 40 50
PFO ger(mMg/g) 32.2 45.8 93.8
k1 (1/min) 0.084 0.073 0.077
R? 0.932 0.967 0.850
Qe2 (Mg/Q) 51.5 102 128
PSO kz (g/mg/min) 0.005 0.003 0.002
R? 0.999 0.999 0.999
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