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ABSTRACT

Ciprofloxacin (CIP) is one of the most common dotibs for treating bacterial infection. The presen of
ciprofloxacin in water environment has adverseaffeon human healtihulti-walled carbon nanotube (MWCNT)
is a promising technology for water and wastewdteatment. However, the lake of suitable catalyiststs its
efficiency in the removal of pollutants. In thisdy, magnetic R,/ MWCNTs composite were prepared and then
the effect of magnetic E8/MWCNT composite as a heterogeneous Fenton caifalysprofloxacin removal from
synthetic wastewater was studied. Results showatl ttie heterogeneous Fenton process (HFP) efficiency
decreased significantly with increasing pH. Morepviey increasing CIF concentration the process cigficy
decreased. The maximum removal efficiency of CIB @gual to 94% and was achieved at 2 g/L of magneti
FesO,/MWCNT compositeThese findings suggested that magnetigO®WCNTs composite acts an effective
catalyst in HFP for removing CIF from wastewater.
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INTRODUCTION

In recent years, the intensive use of pharmacdutmapounds in human and veterinary medicine hasrbe a
major public health concern [1]. The detection ofilzsiotics in sediments as well as sewage, surfaater,
groundwater and drinking water has been takenhiogge consideration, due to its adverse effectsdRjrofloxacin
is one of the most important fluoroquinolone amtilis for treating bacterial infections in both hamand
veterinary medicine [3]. Ciprofloxacin is also usedrldwide in aquaculture and agricultural applicas [4]. Their
widespread application can lead to release of h higount of this antibiotic into water bodies. Thiuld also
transported into the environment through discharfjevastewater and direct runoff. In addition, phaceutical
wastewater usually contains a high concentratiorartfbiotics. Ciprofloxacin have been found in veagiter
effluents and surface water in the range "hgt mgL® [5]. The presence of ciprofloxacin in water envirant
could leads to increasing antibiotics resistantdré Moreover, chlorination and ozonation proesssay increase
the toxicity of antibiotics and cause the formatioh undesirable by-products [2,6]. It has been rub that
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ciprofloxacin are not removed by conventional waster treatment plants [7,8Therefore, the development of
novel and cheap technologies is necessary to rethege antibiotics before their discharge intogheironment.
Nowadays, nanotechnology has been considered rasraspng technology to treat wastewater. Multi-wedlicarbon
nanotubes (MWCNTSs) have shown an ability to remaweide range of pollutants such as heavy metatgnics
and biological impurities from aqueous environmg@{s Major problems in the use of MWCNTSs include costly
regeneration, secondary contamination and diffi@gparation from liquid phase due to their smatlesiA
combination between MWCNTSs and iron oxide nanopladi can create a new magnetically compound, wtech
be easily recovered from treated wastewaters mgusimagnetic separation method [10]

In recent years, various magnetic materials suchctisated carbon/E®, [10], activated carbon supported;Bg
[11] and polymer encapsulatedsPg [12] have been studied as effective heterogen€euason catalysts for the
removal of organic pollutants. These compoundscbesdd to a significant promotiasf H,O, decomposition in
Fenton process.

In this study, magnetic E®,/MWCNTs composite were prepared and characterigeXtiay diffraction. The effect
of magnetic F€O/MWCNT composite as a heterogeneous Fenton catatystiprofloxacin removal from
wastewater synthetic was also studied. Moreoveg, affect of some parameters such as pH, ciprofioxac
concentration, magnetic ¥&/MWCNT composite concentration, contact time an@4toncentration was studied
in relation to the performance of heterogeneousdrecatalyst irciprofloxacin removal.

MATERIALSAND METHODS

Chemicals

Ciprofloxacin (99.5%) was purchased from Sigma &hir(Germany),acetonitrile and methanol (HPLC grade)
were purchased from Merck (Germany), and MWCNTs ewebtained from Nutrieno Co. (Tehran, Iran,
http://parscenter.com/Company/CMP645827All chemicals were used without further purificea. The
characteristics of ciprofloxacin were summarized @ble 1.

Table 1. Characteristics of ciprofloxacin

Formula C17H16FN3O5
Molecular structure rj (’;(i,\]/ww
K .
LK
Molecular mass 331.346 g/mol
State Milky powder
Other name Neofloxin
Length 30 um
External diamete 2C-30 nn
Specific surface area 110 nf/g
Density 2.1 g/crd
C.I number 85721-33-1

The preparation of magnetic §&,/MWCNTs composite

Magnetic FeO,/MWCNTs composite was synthesized based on theaddilt Hu et al [13]. First, the quantities of
MWCNT (100 mg) were added to a flask which alreadgtains 120 ml of FBO/HNO; (3:1, v/v). The flask was
placed into the ultrasonic bath for 3h (60°C). Thére synthetic MWCNTs were dried at 80 for 8 h under
vacuum conditions. Nitrogen gas was blown into sloéution for removing oxygen from the solution, akdy
FeSQ-7H,0 was added. In the next step, the solution coimgih.8 g NaOH an0.9 g NaNQ was heated at 95 °C
and added into theeating MWCNTs-FeSpsuspension while kept vigorossirring. The final solution was also
heated at 95 °C for 2 h, tie0,/MWCNTs composites formed. The precipitate then sgsarate by a magnet and
washed witldistilled water and methanol and, finally driedfie oven at 100 °C for 24 h under vacuum conditions.
The preparation of MWCNTs was accomplished by iatirthem in nitric acid for 12 h (70°C). Next, thexere
filtered off, washed with distilled water and thered at 110° C for 6 h. Then, MWCNTs were refluxeith 50%
nitric acid for 12 h under stirring conditions. Theduct was then filtered and washed with douliyilted water
and finally dried in the oven [9,13]. The charaistiits of MWCNTs were summarized in Table 2.
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Table 2. Characteristicsof MWCNTs

Appearanc Black powdel
External diameter 20-30 nm
Length 30 um
Purity carbon 95%
specific surface area 11G
Density 2.1 glen®

Batch experiments

In the present study, experiments were carriedroatbatch reactor. The effect of some operatipasghmeters such
as pH (4-10), ciprofloxacin concentration (30, 80, 100, 120, 150 and 200 mg/L), magnetigGzdMWCNT
composite concentration (1, 2 and 3 g/L), contactet(15, 30, 60, 120, 180, 240 and 300 min) an®.H
concentration (5, 10, 15, 25, 30 mmol/L) on thecpss efficiency was investigated. All samples weaeed on the
shaker (model sigma 301) with a speed of 150 rpaxtNhe samples were shaken with a speed of 2u@Far 15
min. Then, they were filtered using a cellulosetatse membrane filter, and finally the concentratarresidual
ciprofloxacin was measured.

RESULTSAND DISCUSSION

FTIR analysis

Fig.1 shows the FTIR spectra of MWCNT and modifisdgnetic FeO,/MWCNTs composite.The FTIR
photograph of MWCNT presents two peaks at 3434281®.57 crit, which corresponded to the O-H and -COO-
stretching, respectively. As shown, there were owifunctional groups detected on the surface oflifieal
magnetic F€O4/MWCNT composite. Moreover, several peaks are aleseon the FTIR photograph of modified
magnetic FgO,/MWCNTs composite. The peak around 3438'¢nulicated the presence of OH compounds and the
peak around 1384 cfoorrespond to thpresence of N-O nitrate compounds. The change IR Bhotograph of
modified magnetic F©,/MWCNT composite indicated the presence of sulfabel nitrate compounds in the
structure of magnetic E@4/MWCNT composite. Moreover, the peak around 579caetd the presence of & in
themagnetic F€O4/MWCNT composite.
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Fig.1 FTIR spectraof MWCNTs and magnetic Fes;04/MWCNTs composite

XRD analysis

Fig.2 shows X-ray diffraction (XRD) patterns of (&esh and (b) used magnetic:6gMWCNTs composite
catalyst at 2=15-65°. As revealed, modified magnetic;BgMWCNT composite have a higher diffraction peaks
than that of MWCNT. The increase of the diffractip@aks irmagnetic F§O,/MWCNT composite may be due to
the presence of crystalline phase and a high pegerof Iron. A broad peak was observed at 27°3tidor fresh
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and used magnetic §&&/MWCNT composite catalyst, respectively, which nieeyrelated to the presence of Iron
(1) sulfate heptahydrate. In addition, weddingtieé bands indicated that ciprofloxacin has beeahdtgd.
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Fig.2 XRD pattern of (a) fresh and (b) used magnetic Fe;0,/MWCNTs composite

Effect of contact time

Fig. 3 shows the effect of contact time in the mridp-300 min on the heterogeneous Fenton proceSP)(H
efficiency in CIF removal. As shown here, the psxcefficiency increased with the increase of cdrttae from 15
to 180 min. The removal efficien@f CIF was 94% in 180 min of contact time. Theneafl80 min the process
efficiency in CIF removal decreased sharply andabee almost constant. Therefore, 180 min of corta was
chosen as the optimum contact tifaefollowing experiments.
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Fig. 3 Theeffect of contact time on the HFP efficiency (CIF concentration: 30 mg/L, catalyst dosage: 2 g/L and pH: 4)
Effect of pH
In order to investigate the effect of pH in HFP @i removal was studied in the range of 4-10. Asashin Fig. 4,
the process efficiency decreased obviously witheasing pH. The maximum removal efficiency was ol at
pH 4 and was equal to 94%. On the other hand, themam CIP removal (36%) was observed at pH 10r&fg®
min. This can be attributed to the fact that th® Gblubility is very high atlow pH values. Previous studies have
also reported that the use of magnetic composite hebetter efficiency at acidic pH values. A sanilrend of pH
effect was observed by Hu X et al. on methyl tésetasie 1é removal using HFP [13].
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Fig. 4 The effect of pH solution on the HFP efficiency (CI F concentration: 30 mg/L, catalyst dosage 2 g/L and contact time: 180 min)

Effect of CIF concentration

In this part of the study, the effect of CIF contcation in the range 30 to 200 mg/L on HFP wasistlidAs shown

in Fig. 5, the HFP efficiency decreased with insfeg CIF. So, the maximum removal efficiency of CIP was
achieved at 30 mg/tf initial CIF concentration. On the contrary, timnimum efficiency was seen at 200 mg/L of
initial CIF concentration that was equal to 25%e&fl80 min. This can be attributed to the fact th&P produced
only a limited amount of oxidan{e.g. hydroxyl radical). Therefore, by increasini- €Concentration, the process
efficiency decreased under constant experimentaditions. Similar results were also obtained bygKiZha et al
[14].
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Fig. 5 The effect of initial CIF concentration on the HFP efficiency (CIF concentration: 30 mg/L, catalyst dosage2 g/L, pH: 4, H,0,
dosage: 1 mmol/L and contact time: 180 min)

Effect of magnetic R®,/ MWCNT composite

One of the most important factors in HFP is thealgat concentration. In this research the effecmafgnetic
Fe;O,/MWCNT composite as a catalyst in HFP on CIF renhawas studied in the range 1 to 3 g/L. When 1 tBl2

of magnetic F§O/MWCNT composite were used, the HFP efficiency pemted in a sharp manner (from 60.42%
to 94%). The increase of CIF removwdth increasing catalyst dosage is due to the asgef catalyst surface area.
On the other hand, by increasing the dosage of etegReO,/MWCNT composite from 2 to 3 g/L, the HFP
efficiency increased slightly. Therefore, 2 g/Lroagnetic FgO/MWCNT composite was chosen as the optimum
catalyst concentration (Fig.6).
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Fig.6 The effect of catalyst dosage on the HFP efficiency (CIF concentration: 30 mg/L, pH: 4 contact time: 180 min)

Effect of HO, dosage

In this part of the study, the effect of hydrogemgxide dosage in the range 5 to 25 mL/L on HFP iwesstigated.
As revealed in Fig. 7, in HFP the removal efficigio€ CIF increased with the increase of hydrogeroxide dosage
from 5 to 20 mL/L. On the contrary, as hydrogenop&te dosage increased from 20 to 25 mL/L, CIF resho
efficiency decreasedhis result is due to over-dosage of hydrogen fdeoix the reactor. High dosage of hydrogen
peroxide can lead to the faster hydrogen peroxichswemption. Finally, the hydroperoxyl radical gexted from the
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hydrogen peroxide decomposition (according to BEq.i$ a weak oxidant compared with the hydroxylicatl
[15,16].
OH° + H,0,—H,0 + HG,®

/7~ N\
—+—=H202 Concentration
100
80
S
= 60
2 .
<)
£
2 40
=9
@)
20
0
0 5 10 15 20 25
H202 Concentration

J

Fig.7 The effect of H,O, dosage on the HFP efficiency (CIF concentration: 30 mg/L, catalyst concentration: 2 g/L, pH: 4 and contact
time: 180 min)

CONCLUSION

In this study, magnetic EBJ/MWCNT composite were prepared and characterized-bgy diffraction. The effect

of magnetic FgO,/MWCNT composite as a heterogeneous Fenton catalggprofloxacin removal from synthetic
wastewater was studied. Moreover, the effect ofesparameters such as pH, ciprofloxacin concentratimagnetic
FesO4/MWCNT composite concentration, contact time an@®jtoncentration on HFP was studied. Results showed
that the HFC efficiency decreased significantlyhaiitcreasing pH. Moreover, by increasing CIF cotetion the
process efficiency decreased. The maximum remdfielemcy of CIF was equal to 94% and was achieaed g/L

of magnetic FgO,/MWCNT composite. These findings suggested thatmatig FgO/MWCNT composite acts an
effective catalyst in HFP for removing CIF from weasater.
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