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ABSTRACT

Entrance of antibiotics to aquatic solution causes the adverse effect on environmental and human
health. In this work, Fe,O,/GO was applied as persulfate (PS) activator to degradation of amoxicil-
lin (AMX). The Fe,O,/GO nanocomposite was successfully synthesized and characterized by SEM,
TEM, XRD, FTIR, BET and XPS analysis. The effects of pH, nanocomposite dosage, GO content, AMX
concentration and PS concentration were investigated. Results indicated the AMX degradation was
decreased by increasing of pH. The maximum efficiency (100%) was obtained in catalyst dosage (100
mg/L), PS concentration (100 mg/L), AMX concentrations (75 mg/L) and GO content (1:2). It could be
concluded that Fe,O,/GO nanocomposite is the effective activator of PS which has a proper efficiency

in the wide range of pH.
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1. Introduction

Amoxicillin is one of the B-lactam antibiotics that widely
used in medicine and veterinary to treat bacterial infections
[1]. More than 65% of all antibiotics in worldwide are B-lac-
tam group antibiotics (penicillin, amoxicillin and ampicil-
lin) [2]. 32.3% of antibiotics which are used in Iran belong
to B-lactam group and amoxicillin is most widely used one
[3]. Approximately 30-90% of antibiotics are not metab-
olized in the human body, and their residual are excreted
through urine and stools of humans or animals to the sew-
age system and eventually water resources [4].Therefore,
remarkable amounts of antibiotics have been reported in
aquatic environments [5]. Consumption of water contain-
ing antibiotic causes acute and chronic toxicity in humans,
in addition, antibiotics increase the resistance of pathogens
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in aquatic environments [6]. Also, sewage containing amox-
icillin is often a high TOC wastewater, low biodegradabil-
ity, and high amount of organic solvents and high soluble
salts as well as high odor and color [7]. Many biological
and physicochemical methods have been used to remove
antibiotics. Biological treatment of antibiotics is not very
effective because of the inactivation of effective micro-
organisms by antibiotics [8]. Therefore, it is necessary to
development of effective techniques for the removal of anti-
biotics. Advanced methods include ozonation, Fenton and
photo-Fenton, electrochemical, electron radiation, nanofil-
tration, chemical coagulation and adsorption processes are
the common techniques for contaminants removal [9-13].In
comparison with other methods, advanced oxidation pro-
cess (AOPs) has the most potential to further eliminate resis-
tance contaminants (pharmaceuticals) due to the formation
of reactive radicals [14]. Hence, this method is a strong
technique to mineralizing organic pollutants into water and
carbon dioxide [15]. Oxidation with PS has many advan-
tages over other AOPs (e.g. Fenton), including no need to
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low pH, sulfate radical have more potential than oxida-
tion of organic matter in comparison with hydroxyl radical
(HOS; / SO; =+1.82V,H,0, / H,0 = +1.76V) . In addition, PS
radical compared to hydroxyl radical acts more selectively
in organic matter oxidation [16]. Many methods have been
used for activating PS in previous studies, including heat
[17], ultrasound [18], UV [19], metal ions such as cobalt and
copper [20], zero-valent iron [21], pyrite [22], carbon nano-
tubes [23], graphene [24].

Using of mentioned methods are limited due to the
need for energy, the entry of metal ions into aqueous envi-
ronments, immunity, sludge production, low activation of
PS. In recent years, the use of graphene oxide has grown
dramatically due to its unique properties in AOPs [25].
Also, Magnetite (Fe,O,) nanoparticles have been used for
eliminating pollutants and producing nanocomposites
due to their magnetic properties, effectiveness, low cost
and non-toxicity [26]. Moreover, Fe O, through both fer-
rous and ferric ions in the environment leads to the easy
transfer of electrons and increased catalytic efficiency [27].
Previous studies have shown that iron-containing compo-
sitions have been used extensively to activate PS due to
the cost-effectiveness, proper activation and no threat to
the environment. Iron ions according to Eq. (1) generate
sulfate radicals [28].

5,03 +Fe*" — SO, +SO> + Fe** )

The study of Yan et al. revealed that the sulfamonome-
thoxine was complete degraded in the presence of S,0;
(1.2 mmol L) and Fe,O, (2.4 mmol L) [29]. Also, study
of Tan et al. indicated that 75% of 10 mg/L acetaminophen
was decomposed in the presence of 0.8 g/L Fe,O, and
0.2 mM peroxymonosulfate [30]. Generally, Fe,O, nanopar-
ticles used instead of Fe** to activate PS through breaking
the oxygen band (O-O bond). This provides the successive
use of the Fe O, nanoparticle for re-activation of persulfate
[28]. Moreover, due to relatively easy access and easy sep-
aration (no secondary contamination) of Fe,O,, it is intro-
duced as environmental friendly catalyst. Nevertheless, the
activation of Fe O, is limited due to its low catalytic activity
which leads to incomplete organic compounds degradation
[31]. Therefore, combining of Fe,O, with graphene oxide, in
addition to facilitating its separation, increases the activa-
tion of PS. Therefore, in this study Fe,O,/graphene oxide
nanocomposite was synthesized and used to remove of
amoxicillin in the presence of PS.

2. Materials and methods
2.1. Materials

Graphite  powder  (150-200 mesh), sodium
nitrate(NaNO,), iron(III) chloride hexahydrate
(FeCl-6H,0), iron(Il) chloride tetrahydrate (FeCl,-4H,0),
sulfuric acid (H,SO,), hydrochloric acid (HCl), potassium
permanganate (KMnO,), and hydrogen peroxide (H,O,)
were purchased from Merck, Germany and used with-
out any purification. AMX (CAS 26787-78-0) and Sodium
persulfate (Na,S,0, 98%) were purchased from Sigma-
Aldrich.pH adjustment was conducted using 0.1 M NaOH
and 0.1 M H,SO, solutions.

2.2. Synthesis of graphene oxide (GO)

GO was synthesized from natural graphite powder via
the modified Hummers” method. First, 1.5 g of graphite, 1.5
g of sodium nitrate and 70 mL of sulfuric acid (98%) were
mixed together and placed in an ice bath for 2 h. The obtained
mixture was heated until 40°C and stirred for 1 h. After that,
100 mL of distilled water were added until temperature was
reached 90°C. Then 300 mL of distilled water and 10 mL of
hydrogen peroxide were added to mixture. The obtained
mixture was then filtered and washed several times with dis-
tilled water and diluted hydrochloric acid. Finally, the mix-
ture was separated by centrifugation at 10,000 rpm [32].

2.3. Synthesis of Fe,O,/GO nanocomposites

Fe,0,/GO was synthesized via combination of co pre-
cipitation and thermal methods in the presence of graphene
oxide. First, a 100 mL solution was produced containing 4
mM of FeCl,-6H,O and 2 mM of FeCl,-4H,0 (Ferric/Ferrous
molar ratio of 1: 2) at pH = 1.48. Then the pH was adjusted
to 4 by adding drop by drop NaOH. Subsequently, certain
amount of GO was added to the solution and was placed
on stirrer for 30 min. Obtained mixture was transferred to
Teflon lined stainless-steel autoclave (200 mL) at 120°C for
10 h. After cooling at ambient temperature, the suspension
was filtered and the Fe,O,/GO composite was obtained. The
Fe,0,/GO composite was rinsed several times by deionized
water to remove residual NaOH and then placed in vacuo
at 60°C for 24 h [33].

2.4. Characteristicsof magnetic graphene oxide (MGO)

The scanning electron microscopy (SEM) (MIRAS3, Tes-
can, Czech Republic) at 5 keV and transmission electron
microscopy (TEM) (PHILIPS, TEM) at 100 keV were used
for determining the morphologies of GO and Fe,O,/GO.
The information of structural was obtained by X-ray dif-
fraction (XRD) (D8 Advance, Bruker, Germany). Functional
groups present in the composite were determined using
Fourier transform infrared spectrophotometer (FTIR) (Ten-
sor 27, Bruker, Germany). The nanocomposite surface area
was identified by N2 adsorption-desorption isotherms at
77 K with a Bel apparatus (model: Belsorp-mini II, Japan)
according to the Brunauer-Emmett—Teller (BET) model.
The composition of nanocomposite was determined by
X-ray photoelectron spectroscopy (XPS) (K-Alpha+, USA).

2.5. Analytical methods

The experiments were carried out in a conical flasks
sealed with Teflon-lined screw caps at ambient temperature
on stirrer 200 rpm. For this purpose, Fe,O,/GO catalyst in
2.5-15 mg was added to 100 mL flasks and completely was
dispersed by ultrasound. AMX (25-125 mg/L) was then
added and was placed on the stirrer. The adsorption and
desorption were reached at 20 min. After that, the resid-
ual concentration in the AMX solution was measured and
considered as the initial concentration. The AMX decom-
position process was performed immediately after adding
Na,S,0, at concentrations of 25 to 125 mg/L at pH 4, 7 and
9.pH was adjusted by NaOH and H,SO, 0.1 M. Then, at a
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different time, 2 mL of the sample was taken and passed
through a filter (0.22 um). Also, the Na,SO, (0.2 mM) was
used to neutralize persulfate and hydroxyl radicals [34].
Amoxicillin was measured by HPLC (CE4100, CECIL,
England). Chromatography measurements on HICHROM
column with specification HI-5C18-4371, dimensions (200
mm x 4.6 mm). The catalyst was collected and separated in
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Fig. 1. HPLC-UV chromatogram of AMX at the 235 nm a) before
degradation b) after 50% degradation c) after 100% degradation.
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Fig. 2. SEM image of a) GO, b) Fe,O,, and c) Fe,O,/GO.
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all samples by centrifugation. The samples were filtrated of
Syringe (0.22 pm) and then transferred to a HPLC. Metha-
nol and distilled water were used as mobile phase A and B.
0-1 min 100% A; 1-10 min 25% A; 10-15 min 25% A; 15-20
min 100% A. The flow of carrier phase and injection vol-
ume was 1 mL/min and 20 uL respectively. The UV-visible
detector was used to measure of amoxicillin at 235 nm in
ambient temperature (25 + 2°C) (Fig. 1) [1].

3. Results and discussion
3.1. Nanocomposite characterization

SEM image of the nanocomposite is shown in Fig. 2. As
shown, GO surface has irregular clumps cavities. This facil-
itates the incorporation of Fe,O, nanoparticles on the GO
surface. As observed Fe,O, nanoparticles thickly deposited
and irregularly distributed. The TEM image is illustrated
in Fig. 3. The morphology of the nanocomposite indicated
that Fe,O, nanoparticles have been anchored onto the GO
sheets and aggregated due to their extremely small size
and dipole-dipole coupling, which demonstrated nano-
composite effectually synthesized [35]. The XRD pattern
of nanocomposite is shown in Fig. 4. The pattern of GO
illustrated the unique peak at 26 = 9.98° corresponding to
GO nanosheets which attributed to (001) plane. The peaks
of GO was disappeared after depositing of Fe,O, nanopar-
ticles due to the exfoliation of GO layers, less agglomera-
tion of GO sheets in the composite and dominant of robust
Fe,O, signals on weak signals of carbon [36]. for Fe,O,/GO,
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Fig. 3. TEM image of a) GO, b) Fe,0O, and c) GO.
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Fig. 4. XRD patterns of a) Graphite b) GO and c¢) MGO.

the peaks at 20 = 30.2°, 35.6°, 43.3°, 53.7°, 57.1°, and 62.8°
correspond to (220), (331), (400), (422), (511), and (440) are
consistent with the standard XRD data for the cubic crystal-
line structures of Fe,O,. Moreover, the peaks at 20 values of
30.2°,35.6° 43.3°, and 57.1° are corresponded to maghemite
(¥-Fe,O,) and magnetite (Fe**Fe**,O,) and peaks at 26 = 53.7°
and 62.8° related to hematite (Fe,O,). The peaks at 20 = 18.2°
and 33.1° were corresponded to goethite (o-FeO(OH)) [32].

Fig. 5 shows the FTIR spectra of GO and Fe,O,/GO.
Peaks related to GO were observed at 1380 cm™,1630 cm™!,
1730 and 3270 cm™ assigned to C-OH stretching, C=C
stretching mode of the sp? carbon skeletal network, C=0
stretching vibrations and O-H stretching vibration, respec-
tively. For Fe,O,/GO, three peaks at 1455 cm™, 1533 cm™
and 1647 cm™ appeared which corresponded to amide car-

Fig. 5. The FT-IR spectra of a) GO and b) Fe,O,/GO.

bonyl group for Fe,O,/GO including-CONH amide band
I-NH amide band II and C-N stretch of amide respec-
tively were confirmed the covalent bonding between Fe, O,
nanoparticles and GO surface [37].

Fig. 6a shows the curve of N,-adsorption-desorption vs.
relative pressure for Fe,O,/GO nanocomposite. The results
show that isotherm of N,-adsorption-desorption is as form
of type IV shape with H, hysteresis loop. These results
indicate the existence of a mesoporous structure for cata-
lyst. Fig. 6b shows the pore size distribution. As you can
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Fig. 6. a) BET adsorption-desorption curve and b) Pore size distribution of Fe,O, and Fe,O,/GO.
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Fig. 7. XPS spectra of GO and Fe,0,/GO a) O 1s b) C 1s and c) Fe 2p spectra of Fe,O,/GO.

see, the major peaks are between 3 and 6 nm. According to Fig. 7a represents the O 1s spectra for Fe,O, and Fe,O,/
the Qatari IUPAC recommendation, the mesoporous diam- ~ GO. The results for GO indicate that there are two peaks of
eter is between 2 and 50 nm, which is due to the integration =~ 532.2 and 532.9 eV for the oxygen content of the carboxyl-
of the GO two dimensional structures and the Fe,O, zero  ate/carbonyl group and the epoxy/hydroxyl group, respec-
dimensional structure [38]. tively. After the formation of Fe,O,/GO nanocomposite,
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the intensity of the Ols peaks in comparison with the GO
decreased and wider, resulting from the oxygen network
in the Fe, O, nanoparticle (529.9 eV) [39]. Fig. 7b shows the
results of the C 1s spectra for GO, which indicates that there
are sp*> C = C bands (284.5 eV), carbon in C-OH (286.7 eV)
and epoxy/carboxyl C = O (288.1 eV). The results show that
carboxylate/carbonyl (C-OH/C-OC) peak in nanocompos-
ite is reduced due to the reaction of iron with carboxylate
group (Fe-O-C bonds) [40]. Fig. 7c shows the Fe 2p spectra.
As we can see, there are two separate peaks at 711.2 and 725
eV which corresponding to Fe 2p 3/2 and Fe 2p 1/2 in Fe,O,
nanoparticles, respectively [41].

3.2. Effect of pH

pH is one of the important parameters in chemical
processes. Fig. 8 shows the effect of pH (4, 7 and 9) on
the AMX removal. As observed, the removal of AMX was
decreased with increasing of pH, So that the highest effi-
ciency (100%) was obtained at pH = 4. While, with increas-
ing of pH to 7 and 9, the AMX removal was decreased to
83% and 74% respectively. This contributed to negatively
charge of PS and activators in neutral and alkali pH which
leads to decrease by interaction between Fe,O,/GO and
PS. Moreover, non-radical decomposition of PS increases
with increasing pH [42]. While, in the acidic aqueous, more
radical persulfates are generated due to acid catalyzation.
Hydroxyl ion is also produced at high pH, which acts as a
scavenger of persulfate radical [Eq. (2)], thus leads to reduc-
ing the efficiency [43].

SO, + OH — SO% + OH" @)

On the other hand, in acidic pH, the H* ions cause the
further dissolving of oxide layers on the nanocomposite
surface which leads to increase of interaction rate between
nanocomposite and PS through more release of ferrous ions
and prevents the passivation of the nanocomposite surface
[44,45].
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Fig. 8. Effect of pH solution on the AMX degradation (Fe,O,/GO
dosage: 100 mg/L, GO content: 1:2, PS concentration: 100 mg/L,
AMX concentration: 75 mg/L).
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FO, +8H" — 2Fe’" + Fe?" + 4H,0 3)

In addition, iron ions are more likely to be presenting
in divalent in acidic conditions which are more capable
of activating PS and radical production compared to tri-
valent iron ions [46]. The important point about the effect
of pH on the removal process is that, despite reducing the
removal efficiency at high pH, this efficiency is somewhat
high and can effectively eliminate this contaminant. These
results indicate the Fe,O,/GO nanocomposite in the acid-
to-alkali range is capable of removing AMX from aqueous
solution.

Furthermore, in addition to the effect on surface charge
of nanocomposite, pH also, affects on surface charge of
nanocomposite, it also, effect on pK_and solubility of AMX.
In our work the pH,,,. of nanocomposite was obtained 6.
On the other hand, the pK_ of AMXis 2.67 which indicated
the AMX has negative charge in the pH > 2.67. The nega-
tive charge of AMX leads to its adsorption on Fe,O,/GO
nanocomposite due to positive charge of nanocomposite
at pH < 6. Therefore, the removal efficiency was increased
until pH = 4 and then decreased. The reason of efficiency
decreasing is due to low solubility of amoxicillin in the pH
= 4-6 which cause the limited access of sulfate radicals to
the AMX.

3.3. Effect of Fe,O,/GO nanocomposite dosage

The effect of nanocomposite dosage (25-150 mg/L) on
the AMX degradation was investigated at AMX concentra-
tion (100 mg/L), pH = 4, contact time (150 min) and PS con-
centration of 100 mg/L (Fig. 9). The results showed that in
the absence of Fe,O,/GO, only 8.4% of amoxicillin decom-
posed which indicates the low oxidation potential of PS
alone. Results showed that the removal efficiency of AMX
was increased by increasing the catalyst dosage. So that the
50% removal of AMX was obtained for 25 mg/L, 50 mg/L,
100 mg/L and 150 mg/L catalyst dosages at 90 min, 48 min,
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Fig. 9. Effect of nanocomposite dosage on the AMX degradation
(pH: 4, GO content: 1:2, PS concentration: 100 mg/L, AMX con-
centration: 75 mg/L).
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20 min and 32 min respectively. This contributed to increase
of Fe,0,/GO nanocomposite sites for PS activation.

= Fe(IIT) + PS —= Fe(I1) + SO} + H* @)
= Fe(Il) + PS —= Fe(I11) + SO} + OH" ®)

However, the removal efficiency was reduced with
increasing catalyst dosage (150 mg/L). This corresponded
to increase of quenching reaction between ferrous ions of
nanocomposite and SO, [47].

SO, +Fe* — SO +Fe™ 6)

On the other hand, when the dose of a nanoparticle
increases by a certain amount, although, production of SO;
are increased, but these radicals without reaction to AMX
due to reaction with each other are quench [48].

SO, +S0; — S,0> @)

Moreover, the self-binding phenomenon is occurred by
increasing of nanocomposite dosage which leads to more
aggregation of particles and decrease active sites of the cat-
alyst [48].

3.4. Kinetics of PS degradation

The PS degradation process in the presence of different
doses of Fe,O,/GO nanocomposite was studied through
first-order kinetics, the equation of which is presented
below [48].

ln{(%} =-K,,t (8)

where C; and K are the initial concentration of PS and
apparent rate coefficient of degradation (min™), respec-

{ m25mgL y=0.0030x+0.0156
ol i R =0.9946 A
5 ¥ = 0.0069x + 0.0499
25 1 O S0mel ¥ R 0823
A 100 mg/L ¥ 0.0189x - 0.0425
R*=10.9773
? <
% Q150 mg/L y=0.0126x - 0.0684 .
= R =0.9865
= A
= o
1 A ®
-9 )
0.5 4 & ° .. —-m
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Fig. 10. PS decomposition rate (pH: 4, GO content: 1:2, PS con-

centration: 100 mg/L, nanocomposite dosage (25-150 mg/L)).

tively. Therefore, KHW will be calculated by the slope of the

line derived from ln£ vs. time. The results showed that PS

degradation rate incregsed up to 0.015 min™ with increasing
dose of nanocomposite up to 100 mg/L. This increase in PS
degradation is due to its reaction with active sites of nano-
composite, which leads to the degradation of PS into sulfate
radicals. However, with further increase in catalyst dosage,
ferrous ions react with them due to the production of more
radical sulfate, and the PS degradation decreases [Eq. (6)].
Also, in high amounts of sulfate radicals, the quench phe-
nomenon occurs and is converted to PS again [Eq. (7)]

3.5. Effect of GO content

Fig. 11 shows the effect of various Fe,0O,/GO ratios
(1:0, 1:1, 1:2 and 1:3) on the AMX removal. As shown,
the efficiency of removing AMX by Fe O, (1:0) was low
and removal efficiency was obtained 65% over a 150
min. While, with increasing GO content up to 1:2 ratio,
the removal efficiency was obtained 100% in 150 min.
This could be due to activation of PS by GO. Duan et al.
revealed that intact sp*-conjugated p system of carbon
can generate and hydroxyl radical through dissociation
of PMS [49].

On the other hand, AMX degradation was decreased by
further increase in the GO ratio (1:3). This contributed to
decrease in the amount of Fe,O, active sites, thus reducing
its catalytic effect on PS activation. On the other hand, the
ability of nanocomposite was reduced to activation of PS by
increasing the GO ratio due to lack of proper distribution of
Fe,O,and the aggregation phenomenon [50].

Also, the results display that the Fe,O, nanoparticle is
the main factor in the activation of persulfate and GO alone
has an insignificant role in the activation of persulfate.
The reason for issue is that Fe,O, by releasing ferrous ions,
causes the production of radical hydroxyl [Eq. (5)], then the
radical sulfate reacts with AMX and decomposes it [Egs.
(9)-(11)] [51]. Meanwhile, GO alone activates the persulfate
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e / /‘1> ~-Fe;04GO (0:1)
EL ; W 1 Fe;04/GO (1:0)
VEUE I g ’ @ Fe;04GO (1:1)
= y A Fe304/GO (1:2)
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204 /@
||
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0 30 60 90 120 150
Time (min)

Fig. 11. Effect of GO content on the AMX degradation (pH: 4,
nanocomposite dosage: 100 mg/L, PS concentration: 100 mg/L,
AMX concentration: 75 mg/L).
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via honeycomb-shaped covalent carbon, which does not
suffice for activation [52].

AMX +50; = SO> + AMX"* )

AMX"* + H,0 — (OH) AMX + H* (10)

(OH) AMX — Intermediates —»— CO, + H,0 (11)

3.6. Effect of AMX concentration

The removal efficiency was investigated at different
concentrations of AMX (25-125 mg/L) (Fig. 12). Results
showed AMX degradation was increased up to 75 mg/L
(100%) and then decreased (76% for 125 mg/L). This corre-
sponded to lack of access to reactive radicals at low concen-
trations of AMX, on the other hand, removal efficiency was
decreased in high concentration of AMX due to generation
of resistance byproduct. Moreover, the high amount of oxi-
dizing the agent is needed to effectively eliminate of high
AMX concentrations [27].

3.7. Effect of PS concentration

The concentration of oxidant is one of the important
parameters in the removal of contaminants (Fig. 13). Results
revealed that AMX degradation was increased at higher
concentrations of oxidants due to increased production of
free radicals. So that the removal of AMX increased up to
100 mg/L of oxidant and then decreased. This assigned
to the interaction between SO, radicals with each other
which cause them to be neutralized. Furthermore, there are
side reactions between SO, and PS ions that cause the con-
sumption of SO, radicals [52].

SO, +50; _>SZO§— )
SO, + Szog_ —S,0; + 50421_ .
100 4 _
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Fig. 12. Effect of AMX concentration on the AMX degradation
(pH: 4, nanocomposite dosage: 100 mg/L, GO content: 1:2, PS
concentration: 100 mg/L).

The comparison of the AMX degradation results of this
study with the literature is presented in Table 1. As can be
observed, regardless of the UV role, the removal efficiency
of other PS activator was partly less than the Fe,O,/GO
nanocomposite at the same PS concentration, while, the
present study emphasized that it would not use UV due to
complexity of operation, risks, high cost and etc.

3.8. Reusability of nanocomposite

The reusability of Fe,O,/GO nanocomposite was con-
ducted by the AMX degradation in five times. The catalyst
was washed thoroughly by water before each oxidation
run and separated by external magnetic. After each cycle
the removal efficiency was calculated and leached Fe was
determined by inductively coupled plasma (ICP) (Model:
DV-Optima 2100). Results revealed that the removal effi-
ciency was decreased 11% after 5 cycles. The leached Fe
indicated the nanocomposite has proper stability (Fig. 14).

4. Conclusion

Combining Fe,O, and GO is a proper technique for acti-
vation of PS to AMX degradation. In this work, nanocom-
posite was successfully synthesized and characterize by
SEM, TEM, XRD, FTIR, BET and XPS analysis. The effect
of pH, nanocomposite dosage, GO content, AMX concen-
tration and PS concentration were investigated. Results
revealed that Fe,O,/GO could effectively activate the PS
to degrade AMX. The maximum degradation of AMX was
obtained in acidic pH. The removal efficiency was increased
by increasing the catalyst dosage (up to 100 mg/L), AMX
concentrations (up to 75 mg/L) and PS concentrations (up
to 100 mg/L). Also, AMX degradation increased by GO
content up to 1:2 ratio. Totally, PS, Fe,O, and GO individ-
ually have low ability to AMX degradation. While, Fe,O,/
GO nanocomposite due to synergistic effect of GO on Fe,O,
properties could effectively activated PS to AMX degrada-
tion in wide range of pH.
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Fig. 13. Effect of PS concentration on the AMX degradation (pH:
4, nanocomposite dosage: 100 mg/L, GO content: 1:2, AMX con-
centration: 75 mg/L).
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Table 1

The comparison of the AMX degradation results of this study with the literature

S.No PS activator PS conc. pH Time (min) B-lactam antibiotics Removal %  Ref.

1 UV/FeS, 3.5 mM 3 60 AMX 93 1

2 uvC 40 uM 6.5 120 AMX 85 2

UVC//Fe* 95

3 Electro-generated magnetite (Fe,O,) 0.08 M 7 60 AMX 72.6 27

4 Co,0, 0.01 M 6 45 AMX 91.01 54

5 uv 1mM 3 60 Ampicillin 75.6 55

6 Cephalothin 90.7

8 Fe3O4/ GO 100 mg/L 4 150 AMX 100 Present study
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