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            Research Article Synthesis, Characterization, and Adsorptive Properties of Fe 3 O 4 /GO Nanocomposites for Antimony Removal Xiuzhen Yang, 1 Tengzhi Zhou, 1 Bozhi Ren, 1 Zhou Shi, 2,3 and Andrew Hursthouse 1,4 1 College of Civil Engineering, Hunan University of Science and Technology, Xiangtan 411201, China 2 College of Civil Engineering, Hunan University, Changsha 410082, China 3 Key Laboratory of Building Safety and Energy Eﬃciency, Ministry of Education, Hunan University, Changsha 410082, China 4 School of Science & Sport, University of the West of Scotland, Paisley PA1 2BE, UK Correspondence should be addressed to Xiuzhen Yang; [email protected] Received 28 February 2017; Revised 1 June 2017; Accepted 6 June 2017; Published 20 July 2017 Academic Editor: Ricardo Jorgensen Cassella Copyright © 2017 Xiuzhen Yang et al. is is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. A magnetic Fe 3 O 4 /GO composite with potential for rapid solid-liquid separation through a magnetic ﬁeld was synthesized using GO (graphene oxide) and Fe 3 O 4 (ferriferous oxide). Characterization of Fe 3 O 4 /GO used scanning electron microscope (SEM), X-ray diﬀractometer (XRD), Fourier transform infrared spectrometer (FT-IR), and Vibrating Sample Magnetometer (VSM). A number of factors such as pH and coexisting ions on adsorbent dose were tested in a series of batch experiments. e results showed that GO and Fe 3 O 4 are strongly integrated. For pH values in the range of 3.0∼9.0, the removal eﬃciency of Sb(III) using the synthesized Fe 3 O 4 /GO remained high (95%). e adsorption showed good ﬁt to a pseudo-second-order and Langmiur model, with the maximum adsorption capacity of 9.59mg/g maintained across pH 3.0–9.0. ermodynamic parameters revealed that the adsorption process was spontaneous and endothermic. Analysis by X-ray photoelectron spectroscopy (XPS) showed that the adsorption process is accompanied by a redox reaction. 1. Introduction Antimony has recently gained considerable attention as a toxic heavy metal [1]. By binding with sulydryl groups inside human body, antimony and antimony compounds can interfere in enzyme activity or destroy intracellular ionic equilibrium which leads to cell hypoxia, causing metabolic disorders and injury to the nervous system and other organs [2]. Antimony has been classiﬁed as a priority pollutant by European Union (EU) and United States Environmental Protection Agency (EPA) in 1976 and 1979, respectively [3, 4]. e Environmental Protection Department of Japan also listed it as a pollutant of concern and stipulated a maximum acceptable concentration of 2 ug/L [5]. In China, the maximum concentration of antimony limited by GHZBl and Drinking Water Health Standards is 5ug/L [6], which is consistent with the standards of World Health Organization [7]. China has the largest reserve and capacity for production of antimony in the world [8]. Over 80% of total world antimony production is in China in the past several decades, and use is wide spread as a catalyst in cPET production, in ﬂame retardants, in alloys, and in the electronics industry. e main production areas are in Hunan in the southwest of China, where the 100-year-old mine, Xikuangshan, is known as the World Antimony Capital. e region has a history of nearly 200 years of antimony ore production and, therefore, antimony pollution in this region is of concern. Research shows that the antimony content of water in the mining area can exceed 7,000 ug/L [9]. e severity of antimony pollution has threatened the health of residents surrounding the mine. erefore, cost eﬀective methods to control antimony pollu- tion in China, especially in the southwest, have become an imperative. Toxicity of antimony is mainly aﬀected by its valence state and the nature of compounds with the toxicity of trivalent antimony being ten times higher than that of pentavalent Hindawi Journal of Analytical Methods in Chemistry Volume 2017, Article ID 3012364, 8 pages https://doi.org/10.1155/2017/3012364 
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Research ArticleSynthesis Characterization and Adsorptive Properties ofFe3O4GO Nanocomposites for Antimony Removal
 Xiuzhen Yang1 Tengzhi Zhou1 Bozhi Ren1 Zhou Shi23 and Andrew Hursthouse14
 1College of Civil Engineering Hunan University of Science and Technology Xiangtan 411201 China2College of Civil Engineering Hunan University Changsha 410082 China3Key Laboratory of Building Safety and Energy Efficiency Ministry of Education Hunan University Changsha 410082 China4School of Science amp Sport University of the West of Scotland Paisley PA1 2BE UK
 Correspondence should be addressed to Xiuzhen Yang 8436691qqcom
 Received 28 February 2017 Revised 1 June 2017 Accepted 6 June 2017 Published 20 July 2017
 Academic Editor Ricardo Jorgensen Cassella
 Copyright copy 2017 Xiuzhen Yang et al This is an open access article distributed under the Creative Commons Attribution Licensewhich permits unrestricted use distribution and reproduction in any medium provided the original work is properly cited
 A magnetic Fe3O4GO composite with potential for rapid solid-liquid separation through a magnetic field was synthesized usingGO (graphene oxide) and Fe3O4 (ferriferous oxide) Characterization of Fe3O4GO used scanning electron microscope (SEM)X-ray diffractometer (XRD) Fourier transform infrared spectrometer (FT-IR) and Vibrating Sample Magnetometer (VSM) Anumber of factors such as pH and coexisting ions on adsorbent dose were tested in a series of batch experiments The resultsshowed that GO and Fe3O4 are strongly integrated For pH values in the range of 30sim90 the removal efficiency of Sb(III) usingthe synthesized Fe3O4GO remained high (95) The adsorption showed good fit to a pseudo-second-order and Langmiur modelwith the maximum adsorption capacity of 959mgg maintained across pH 30ndash90 Thermodynamic parameters revealed thatthe adsorption process was spontaneous and endothermic Analysis by X-ray photoelectron spectroscopy (XPS) showed that theadsorption process is accompanied by a redox reaction
 1 Introduction
 Antimony has recently gained considerable attention as atoxic heavy metal [1] By binding with sulfhydryl groupsinside human body antimony and antimony compounds caninterfere in enzyme activity or destroy intracellular ionicequilibrium which leads to cell hypoxia causing metabolicdisorders and injury to the nervous system and other organs[2]
 Antimony has been classified as a priority pollutant byEuropean Union (EU) and United States EnvironmentalProtection Agency (EPA) in 1976 and 1979 respectively[3 4] The Environmental Protection Department of Japanalso listed it as a pollutant of concern and stipulated amaximum acceptable concentration of 2 ugL [5] In Chinathe maximum concentration of antimony limited by GHZBland Drinking Water Health Standards is 5 ugL [6] which isconsistent with the standards of World Health Organization[7]
 China has the largest reserve and capacity for productionof antimony in the world [8] Over 80 of total worldantimony production is in China in the past several decadesand use is wide spread as a catalyst in cPET production inflame retardants in alloys and in the electronics industryThe main production areas are in Hunan in the southwest ofChina where the 100-year-old mine Xikuangshan is knownas the World Antimony Capital The region has a history ofnearly 200 years of antimony ore production and thereforeantimony pollution in this region is of concern Researchshows that the antimony content of water in the mining areacan exceed 7000 ugL [9]The severity of antimony pollutionhas threatened the health of residents surrounding the mineTherefore cost effective methods to control antimony pollu-tion in China especially in the southwest have become animperative
 Toxicity of antimony ismainly affected by its valence stateand the nature of compounds with the toxicity of trivalentantimony being ten times higher than that of pentavalent
 HindawiJournal of Analytical Methods in ChemistryVolume 2017 Article ID 3012364 8 pageshttpsdoiorg10115520173012364
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 Sb(III) solution Adsorption Sb(III) Magnetic separation
 Fe3O4GO
 N S
 Figure 1 The adsorption experiment process
 antimony [10ndash12] Hence trivalent antimony is chosen as thetarget oxidation state of this pollutant
 A variety of methods have been developed to removeantimony from solution of which approaches using adsorp-tion are popular due to the effectiveness and availability of ofreactive solid phases Due to the huge specific surface area(2630m2g) [13] Graphene Oxide (GO) has been widelyapplied in water treatment however its strong sorptionmakes it difficult to desorb after reaction The preparation ofFe3O4GO nano composites for effective pollutant removalhas been demonstrated [14] showing strong affinity andreversibility for a number of pollutants and was prepared inthis experiment to evaluate removal of antimony from water
 2 Materials and Methods
 21 Reagent and Instrument
 Raw Material and Reagent Graphene Oxide (prepared bymodified Hummersrsquo method) and the regents (antimonypotassium tartrate sodium hydroxide hydrochloric acidetc) were analytically pure
 Key Instruments The key instruments are Scanning electronmicroscope (JSM-6700F Japan JEOL) X-ray diffractometer(D8ADVANCE Germany BRUKER) Fourier transforminfrared spectrometer (IRAffinity-1 Japan Shimadzu) mag-netometer (MPMS-XL-7 the United States QuantumDesignCompany) atomic absorption spectrophotometer (AA-7000Japan JEOL)
 22 Preparation of Fe3O4GO Fe3O4 particles were preparedby coprecipitation method The successful in situ growthof Fe3O4 nanoparticles on GO surface during the syntheticprocess of Fe3O4GO composites was ascribed to the oxygen-containing functional groups ofGOThe as-synthesized com-posites in this study not only have the excellent adsorptionproperties ofGO but also possess the superparamagnetismofFe3O4 nanoparticles Hence the proportion of Fe3O4 to GOneeded optimization during the preparation of composites totake advantage of the strong adsorption properties of GO andthe magnetism of Fe3O4
 GO (15mg) was dispersed into DI water (30ml) byultrasonication for 30min To this suspension 50ml solutionof FeCl3 (110mg) and FeCl2 (43mg) in DI water was added atroom temperature Then the temperature was raised to 85∘Cand a 30 ammonia solution was added increasing the pHto 100 After being rapidly stirred for 1 h the solution wascooled to room temperature The resulting black precipitatewas centrifuged at 4500 rpm for 10min and washed threetimes with DI water and finally dried in a vacuum oven at60∘C for overnight to yield the Fe3O4GO composite
 23 Adsorption Experiments The model wastewater withvarying concentration of Sb(III) was prepared using anti-mony potassium tartrate Aliquots of 50ml of model wastew-ater with the appropriate Sb concentration and a quantity ofFe3O4GO were added Batch adsorption experiments wereundertaken at a constant temperature with shaking priorto magnetic separation of the residue The supernatant wasfiltered using a 045 um membrane and the concentration ofresidual Sb(III) in solution was measured by atomic absorp-tion spectrophotometry The factors influencing sorptioninvestigated included the initial pH value the Fe3O4GOdose adsorption time and temperature
 The removal rate () was calculated from
 Removal rate =1198880 minus 1198881199051198880times 100 (1)
 where 1198880 and 119888119905 are the initial and final concentrations ofSb(III) in the solution (mgl) respectively
 It was a static adsorption experiment and the experimen-tal arrangement is shown in Figure 1
 3 Result and Discussion
 31 Solid Characterization
 311 SEM Figure 2 showed the SEM images of GO andFe3O4GO at different magnification The SEM images (b)and (c) show the Fe3O4 Nps added as bright dots that wereuniformly spread over the surface of the GO which indicatedthat the Fe3O4 was coated on the GO successfully MagneticFe3O4 nanoparticles formed in alkaline condition could be
  Journal of Analytical Methods in Chemistry 3
 (a) (b) (c)
 Figure 2 (a) SEM images of GO (b) and (c) SEM images of Fe3O4GO at different magnification
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 Figure 3 FT-IR patterns of Fe3O4GO
 firmly loaded on GO because the Fe3+ and Fe2+ in solutionreacted with the carboxyl functional groups of GO to formcoordination compounds that were easily deposited on thesurface of GO
 The reaction processes are previously identified as (2)ndash(4)[15]
 2Fe2+ + GO 997888rarr 2Fe3+ + rGO (2)
 Fe2+ + 2Fe3+ + 8OHminus 997888rarr Fe3O4 + 4H2O (3)
 3Fe2+ + GO (8OHminus) 997888rarr Fe3O4 + 4H2O + rGO (4)
 312 FT-IR The images in Figure 3 show the FT-IR spectrumfor Fe3O4GOcomposites Two strong vibration stretch peaksappeared at 570 cmminus1 and 468 cmminus1 which were character-istic absorption peaks of Fe-O bond [16] The absorptionpeaks at 3438 cmminus1 1629 cmminus1 1230 cmminus1 and 1120 cmminus1were related to the vibration peak of molecular adsorptionthe vibration absorption peak of C=O in carboxyl C=O-Hor vibration of ketone skeleton and the vibration of C-O-Crespectively [17] The results indicated that a large amount ofoxygen-containing functional groups exist on the surface ofthe GO and Fe3O4 nanocomposite
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 Figure 4 XRD patterns of Fe3O4GO
 313 XRD The powder X-ray diffraction pattern in Figure 4for Fe3O4GO composites shows the diffraction basal spacing(001) is due to the crystalline GO (with 2120579 at 109∘) Sevendistinct diffraction peaks of varying FWHM are identifiedfor 2120579 at 301∘ 354∘ 431∘ 532∘ 627∘ and 740∘ andcorrespond to cubic phase crystal structure of Fe3O4 whichwere (220) (311) (400) (422) (440) and (533) respectively[18] Moreover it can be noted that there was no otherimpurity peak in XRD whichmeans the in situ growth of GOand Fe3O4 did not affect the structure of Fe3O4 during thesynthesis of the Fe3O4GO composites The cubic structureof Fe3O4 is confirmed
 314 Vibrating Sample Magnetometer The plot in Figure 5shows the hysteresis loop of the composite adsorbent Thespecific magnetism was up to 873 emug which indicatedthat the composite could achieve fast solid-liquid separationunder the applied magnetic field
 The hysteresis loop of Fe3O4GOwas close to ldquoSrdquo and thesurplus magnetic strength and magnetic coercive force werenearly zero and thus it belongs to soft magnetism It con-firms that Fe3O4GO composites were superparamagneticThe results confirm good separation potential as reported
  4 Journal of Analytical Methods in Chemistry
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 Figure 5 The hysteresis loop of Fe3O4GO
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 Figure 6 Effects of pH on adsorption efficiency of Sb(III)
 elsewhere and strong potential for recovery and reuse insorption treatment systems [19]
 32 Evaluation of the Performance of Fe3O4GO Composite inthe Adsorption of Sb(III)
 321 The Effect of pH An experiment on the effect of pHon Sb(III) adsorption was carried out over the pH range of20ndash110 The initial concentration of antimony was 1198620 =10mgL and the dose of Fe3O4GO was 100mg50ml thereaction temperature was 119879 = 298K reaction time was 119905 =120min with the mixing speed of 120 rmin Experimentalresults are shown in Figure 6
 Figure 6 indicated that the adsorption of Sb(III) by usingFe3O4GO was not affected in the pH range of 30ndash90 andthe maximum removal rate was over 95This phenomenonis because the species of Sb(III) are pH dependent whenthe pH is below 30 the predominant species of Sb(III) areSbO+ and Sb(OH)2+ when the pH ranges from 30 to 90
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 Figure 7 Effects of Fe3O4GO dosage on removal efficiency ofSb(III)
 Sb(OH)3 and HSbO2 are the main species of Sb(III) andonly SbO2minus exists when the pH is above 90 [20] Since thehighest adsorption is achieved at pH 30ndash90 and pH value ofthe aquatic environment is usually around 70 thus pH 70 isselected in further experiments
 322 Effect of Sorbent Dose 10 times 50ml samples of Sb(III)solution with an initial concentration of 10mgL were takenThe solution was added in a 100ml polyethylene bottle andpH was adjusted to 70 Finally the solution was mixed in aconstant temperature shaker (298K) for 120 minutes
 As shown in Figure 7 adsorption removal rate of Sb(III)increased with the Fe3O4GO dose Initially there was asharp increase in the rate of adsorption which later sloweddown The adsorption equilibrium was achieved at a doseof 60mg This might be explained by the fact that thecontact area between adsorbate and adsorbent became largerand the adsorption points of Fe3O4GO increased with the
  Journal of Analytical Methods in Chemistry 5
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 Figure 8 Effects of the coexisting ions
 addition of Fe3O4GO Furthermore the difference in Sb(III)concentration between initial adsorbent and adsorbate wasrelatively large and more Sb(III) could be adsorbed byFe3O4GO which also leaded to a fast adsorption at theinitial stage With the increase of sorbent dose adsorption ofSb(III) could reach up to 100 In subsequent experiments60mg50ml was chosen as the optimum dose
 323 Effect of Coexisting Ions Effect of various anions onSb(III) adsorption efficiency was investigated A series ofexperiments using Clminus NO3
 minus SO42minus PO4
 3minus AsO32minus and
 CO32minus were selected to simulate background interference
 Ion concentrations used were 0 50 150 350 and 500mgLand the dose was 60mg50ml The results were illustrated inFigure 8
 As shown in Figure 8 Sb(III) adsorption efficiency wasall over 97 for all ions It should be noted that the removalefficiency showed a relatively low decrease with increasein anion concentration The order of decrease in removalefficiency was Clminus lt NO3
 minus lt SO42minus lt PO4
 3minus lt AsO32minus lt
 CO32minus Actually this phenomenon was related to the degree
 of association of above ions with soluble Sb species impactingon removal efficiency
 33 Adsorption Kinetics In order to study the kinetics ofFe3O4GO absorbing Sb(III) a series of Sb(III) solutions withconcentration of 10mgL and initial pH value of 70 weretaken and 60mg of Fe3O4GO was added to each solutionWhen temperature was 298K the variation of adsorption(119902119905) with the change of time was measured Pseudo-first-order kinetic model and pseudo-second-order kinetic modelwere adapted to analyze characteristics of adsorption kineticsModel equations are listed as Formula (5) [18]
 ln (119902119890 minus 119902119905) = ln 119902119890 minus 1198961119905
 Experiment dataPseudo first model fitPseudo second model fit
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 Figure 9 Kinetics models for fitting Sb(III) adsorption usingFe3O4GO
 119905
 119902119905=1
 11989621199022119890
 +1
 119902119890119905
 (5)
 where 119902119905 and 119902119890 (mgg) are the amounts of Sb(III) adsorbedonto Fe3O4GO at time 119905 and at equilibrium respectively 1198961is the rate constant determined by plotting ln(119902119890 minus 119902119905) versus119905 and 1198962 is the rate constant
 For the first-order kinetic equation of specified initialconcentration ln(119902119890minus119902119905) to time (119905)was plotted and the linearfitting was done The first-order and second-order kineticsfit lines (Figure 9) were obtained by the fitted parametersSimilarly for second-order kinetic equation 119905119902119905 to time wasgraphed and the linear fitting was undertaken The second-order kinetics fit line in Figure 9 was based on the best fitparameters
 From Figure 9 it is clear that the adsorption of Sb(III) byFe3O4GO ismore suitable for the pseudo-first-order kineticsmodel which implies a simple sorption mechanism ratherthan chemical reaction
 34 Adsorption Thermodynamics In order to study thethermodynamic characteristics of Sb(III) adsorption byFe3O4GO a series of Sb(III) solutions with various con-centrations and initial pH value of 70 were taken Thesolutions were put in constant temperature incubation box(298K) and the adsorption was performed for 24 hoursThe equilibrium absorption capacity (119902119890) as a function ofequilibrium concentration (119862119890) at the different temperatureswas plotted as the adsorption isotherms of Sb(III) in Figure 8
 Data were fitted using the Langmuir [21] and Freundlich[22] isotherm models and the equations for both models arepresented as Formula (6)
 119862119890119902119890=119862119890119902max+1
 119902max119870119871
  6 Journal of Analytical Methods in Chemistry
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 Figure 10 Thermodynamic models for fitting Sb(III) adsorptionusing Fe3O4GO
 ln 119902119890 = ln119870119865 +1
 119899ln119862119890
 (6)
 where 119862119890 is the mass concentration of Sb(III) when thesolution is in the state of adsorption equilibrium 119870119871 is theLangmuir adsorption constant 119870119865 is a Freundlich constantrelated to adsorption capacity and 1119899 is an empirical param-eter giving an indication of the favorability of adsorption It isconducted that when 1119899 is between 01 and 05 the adsorbateis easily adsorbed while when 1119899 is larger than 20 it isdifficult to adsorb [6]
 FromFigure 10 it can be seen that the adsorption reactionmatches the Langmuir isothermal adsorption model whichindicated that the adsorption of Sb(III) onto Fe3O4GOwas the monolayer adsorption Moreover adsorbing capacityincreased with an increase in temperature Meanwhile 01 lt1119899 lt 05 in Table 1 which meant that the reaction wasthermodynamically favourable
 Thermodynamic parameters were calculated by the for-mulas shown below [23]
 Δ119866 = minus119877119879 ln119870119863 (7)
 Δ119866 = Δ119867 minus 119879Δ119878 (8)
 ln119870119863 =Δ119878
 119877minusΔ119867
 119877119879 (9)
 where119870119863 is the solid-liquid distribution coefficient [24] Δ119866is the Gibbs free energy change value in adsorption processkJmolΔ119867 is the caloric value in adsorption process kJmolΔ119878 is the entropy change value in adsorption J(molsdotK)
 Based on the experimental results of the adsorption ofSb(III) onto Fe3O4GO the linear imitation was graphedin Figure 11 1119879 was the abscissa while ln119870119863 was theordinate According to Formula (9) and the obtained slope
 y = minus13865x + 6729
 R2 = 096
 000320 000325 000330 0003350003151T (Kminus1)
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 Figure 11 Thermodynamic parameters linear fit
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 Figure 12The total element distribution spectrum after adsorptionSb(III)
 and intercept of the straight line Δ119867 and Δ119878were calculatedand Δ119866 in the corresponding temperature was calculated byFormula (7) The results were presented in Table 2
 Table 2 showed that the adsorption reaction was aspontaneous process when the Gibbs free energy changevalue (Δ119866) was below zero And whenΔ119878 gt 0 the adsorptionprocess increased the entropy of the process As for the Δ119867the adsorption reaction was an endothermic process when itsvalue was over zero and thus the temperature rise was helpfulto move the reaction forward
 35 Analysis of Adsorption Mechanism The XPS results ofFe3O4GO after the adsorption of Sb(III) were depicted inFigure 12 There was a peak of Sb in the spectrum whichcoincided with the peak of O1s The spectrum of Sb afteradsorption was presented in Figure 14 The spectra of thesurface oxygen of Fe3O4GO (before and after adsorption)were shown in Figures 13 and 14 respectively
 The binding energies of Sb(3d52) and Sb(3d32) detectedby XPS were 53011 eV and 53975 eV According to the XPS
  Journal of Analytical Methods in Chemistry 7
 Table 1 The adsorption isothermal eq parameters of Fe3O4GO
 T (K)119902119890exp(mgg)
 Langmuir adsorption isotherm Freundlich adsorption isotherm119902max(mgg)
 119870119871(Lmg) R2 KF 1119899 R2
 298 956 959 0113 095 295 023 088
 Table 2 The adsorption thermodynamic parameters of Sb(III)using Fe3O4GO
 T (K) Δ119866(kJmol)
 Δ119867(kJmol)
 Δ119878(KJ(molsdotK))
 298 minus5158308 minus5718 1153 0056318 minus6278
 Peak
 inte
 nsity
 540 535 530 525 520545Electron binding energy (ev)
 O1s (53012 eV)
 Figure 13 The spectrum of O1s before adsorption
 Peak
 inte
 nsity
 540 535 530 525545Electron binding energy (ev)
 O1s (53197 eV)Sb(3d52) (53011 eV)
 Sb(3d32) (53975 eV)
 Figure 14 The spectrum of Sb3d and O1s after adsorption
 chemical state database the superficial antimony on theFe3O4GO exists as Sb2O5 in which the antimony was pen-tavalent However the antimony of K(SbO)C4H4O6sdot12H2Oused for preparing stock solutions was as a trivalent species It
 demonstrated that the absorption process was accompaniedwith redox reaction oxidizing the Sb III
 In order to further analyze the relation between bindenergy displacement of O(1s) and surface charge De Jong etal [25] constructed a simplified mathematical model (10)
 119876o = minus4372
 + [385023 minus 8976 lowast (545509 minus 119883o(1s))] 12
 4488
 (10)
 where 119876o is charge of oxygen atom (esu) 119883o(1s) is bindingenergy measured by XPS (eV)
 The charge variation of oxygen atom before and after theadsorption of Sb(III) onto GO was calculated by Formula(10) and the results are presented in Table 3
 Table 3 shows the charge of oxygen atom was changedfrom minus0871esu to minus0738esu during the adsorption ofantimony onto Fe3O4GO Therefore it could be concludedthat the outer electron of oxygen atom transferred andthe density of electrons changed during the adsorptionprocess demonstrating that redox reaction occurred duringthe adsorption process
 36 Adsorbent Reuse Reusability is a key factor in the inves-tigation of adsorbent performance A 01molL of ethylenediamine tetraacetic acid (EDTA) solution was utilized in thisexperiment as a useful chelating agent to enhance removal ofstrongly adsorbed Sb and test reusability of the sorbent Theresults showed Fe3O4GO lost 50 of its efficiency after fivecontinuous adsorption-regeneration-adsorption cycles as anadsorbent This degradation may be due to decomposition ofthe sorbent or blocking of exchange sites by the EDTA
 4 Conclusions
 The magnetic adsorbent Fe3O4GO was synthesized andwas studied in the removal of antimony from solutionThe rate of removal rate of antimony was greatest in thepH range of 30ndash90 Reaction kinetics indicated that theadsorption of antimony onto Fe3O4GO followed a pseudo-first-order kinetic model The adsorption of Sb(III) ontosynthesized Fe3O4GO matched a Langmuir isothermaladsorption model according to reaction thermodynamicsand the maximum adsorption capacity was found to be959mggThe thermodynamic parameters of the adsorptionproved that the adsorption of Sb(III) onto Fe3O4GO was aspontaneous and endothermic process The XPS before andafter adsorption and the relation between the binding energydisplacement of O(1s) and surface charge indicated that theadsorption process was accompanied by a redox reaction In
  8 Journal of Analytical Methods in Chemistry
 Table 3 Binding energy charge change and electron transfer direction of the oxygen atom in the adsorption process
 Binding energyeV Electric chargeesu Oxygen electron transfer directionFe3O4GO 53012 minus0871Fe3O4GO + Sb 53225 minus0738 Provide electronic
 addition the regeneration test demonstrated that Fe3O4GOcomposite has good reuse potential
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 Sb(III) solution Adsorption Sb(III) Magnetic separation
 Fe3O4GO
 N S
 Figure 1 The adsorption experiment process
 antimony [10ndash12] Hence trivalent antimony is chosen as thetarget oxidation state of this pollutant
 A variety of methods have been developed to removeantimony from solution of which approaches using adsorp-tion are popular due to the effectiveness and availability of ofreactive solid phases Due to the huge specific surface area(2630m2g) [13] Graphene Oxide (GO) has been widelyapplied in water treatment however its strong sorptionmakes it difficult to desorb after reaction The preparation ofFe3O4GO nano composites for effective pollutant removalhas been demonstrated [14] showing strong affinity andreversibility for a number of pollutants and was prepared inthis experiment to evaluate removal of antimony from water
 2 Materials and Methods
 21 Reagent and Instrument
 Raw Material and Reagent Graphene Oxide (prepared bymodified Hummersrsquo method) and the regents (antimonypotassium tartrate sodium hydroxide hydrochloric acidetc) were analytically pure
 Key Instruments The key instruments are Scanning electronmicroscope (JSM-6700F Japan JEOL) X-ray diffractometer(D8ADVANCE Germany BRUKER) Fourier transforminfrared spectrometer (IRAffinity-1 Japan Shimadzu) mag-netometer (MPMS-XL-7 the United States QuantumDesignCompany) atomic absorption spectrophotometer (AA-7000Japan JEOL)
 22 Preparation of Fe3O4GO Fe3O4 particles were preparedby coprecipitation method The successful in situ growthof Fe3O4 nanoparticles on GO surface during the syntheticprocess of Fe3O4GO composites was ascribed to the oxygen-containing functional groups ofGOThe as-synthesized com-posites in this study not only have the excellent adsorptionproperties ofGO but also possess the superparamagnetismofFe3O4 nanoparticles Hence the proportion of Fe3O4 to GOneeded optimization during the preparation of composites totake advantage of the strong adsorption properties of GO andthe magnetism of Fe3O4
 GO (15mg) was dispersed into DI water (30ml) byultrasonication for 30min To this suspension 50ml solutionof FeCl3 (110mg) and FeCl2 (43mg) in DI water was added atroom temperature Then the temperature was raised to 85∘Cand a 30 ammonia solution was added increasing the pHto 100 After being rapidly stirred for 1 h the solution wascooled to room temperature The resulting black precipitatewas centrifuged at 4500 rpm for 10min and washed threetimes with DI water and finally dried in a vacuum oven at60∘C for overnight to yield the Fe3O4GO composite
 23 Adsorption Experiments The model wastewater withvarying concentration of Sb(III) was prepared using anti-mony potassium tartrate Aliquots of 50ml of model wastew-ater with the appropriate Sb concentration and a quantity ofFe3O4GO were added Batch adsorption experiments wereundertaken at a constant temperature with shaking priorto magnetic separation of the residue The supernatant wasfiltered using a 045 um membrane and the concentration ofresidual Sb(III) in solution was measured by atomic absorp-tion spectrophotometry The factors influencing sorptioninvestigated included the initial pH value the Fe3O4GOdose adsorption time and temperature
 The removal rate () was calculated from
 Removal rate =1198880 minus 1198881199051198880times 100 (1)
 where 1198880 and 119888119905 are the initial and final concentrations ofSb(III) in the solution (mgl) respectively
 It was a static adsorption experiment and the experimen-tal arrangement is shown in Figure 1
 3 Result and Discussion
 31 Solid Characterization
 311 SEM Figure 2 showed the SEM images of GO andFe3O4GO at different magnification The SEM images (b)and (c) show the Fe3O4 Nps added as bright dots that wereuniformly spread over the surface of the GO which indicatedthat the Fe3O4 was coated on the GO successfully MagneticFe3O4 nanoparticles formed in alkaline condition could be
  Journal of Analytical Methods in Chemistry 3
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 Figure 2 (a) SEM images of GO (b) and (c) SEM images of Fe3O4GO at different magnification
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 Figure 3 FT-IR patterns of Fe3O4GO
 firmly loaded on GO because the Fe3+ and Fe2+ in solutionreacted with the carboxyl functional groups of GO to formcoordination compounds that were easily deposited on thesurface of GO
 The reaction processes are previously identified as (2)ndash(4)[15]
 2Fe2+ + GO 997888rarr 2Fe3+ + rGO (2)
 Fe2+ + 2Fe3+ + 8OHminus 997888rarr Fe3O4 + 4H2O (3)
 3Fe2+ + GO (8OHminus) 997888rarr Fe3O4 + 4H2O + rGO (4)
 312 FT-IR The images in Figure 3 show the FT-IR spectrumfor Fe3O4GOcomposites Two strong vibration stretch peaksappeared at 570 cmminus1 and 468 cmminus1 which were character-istic absorption peaks of Fe-O bond [16] The absorptionpeaks at 3438 cmminus1 1629 cmminus1 1230 cmminus1 and 1120 cmminus1were related to the vibration peak of molecular adsorptionthe vibration absorption peak of C=O in carboxyl C=O-Hor vibration of ketone skeleton and the vibration of C-O-Crespectively [17] The results indicated that a large amount ofoxygen-containing functional groups exist on the surface ofthe GO and Fe3O4 nanocomposite
 (001
 )
 (111
 ) (220
 )
 (311
 )
 (400
 )
 (422
 ) (333
 )
 (440
 )
 (533
 )
 2
 8070605040302010
 Figure 4 XRD patterns of Fe3O4GO
 313 XRD The powder X-ray diffraction pattern in Figure 4for Fe3O4GO composites shows the diffraction basal spacing(001) is due to the crystalline GO (with 2120579 at 109∘) Sevendistinct diffraction peaks of varying FWHM are identifiedfor 2120579 at 301∘ 354∘ 431∘ 532∘ 627∘ and 740∘ andcorrespond to cubic phase crystal structure of Fe3O4 whichwere (220) (311) (400) (422) (440) and (533) respectively[18] Moreover it can be noted that there was no otherimpurity peak in XRD whichmeans the in situ growth of GOand Fe3O4 did not affect the structure of Fe3O4 during thesynthesis of the Fe3O4GO composites The cubic structureof Fe3O4 is confirmed
 314 Vibrating Sample Magnetometer The plot in Figure 5shows the hysteresis loop of the composite adsorbent Thespecific magnetism was up to 873 emug which indicatedthat the composite could achieve fast solid-liquid separationunder the applied magnetic field
 The hysteresis loop of Fe3O4GOwas close to ldquoSrdquo and thesurplus magnetic strength and magnetic coercive force werenearly zero and thus it belongs to soft magnetism It con-firms that Fe3O4GO composites were superparamagneticThe results confirm good separation potential as reported
  4 Journal of Analytical Methods in Chemistry
 minus10000 0 10000 20000minus20000
 Magnetic field (Oe)
 minus100
 minus50
 0
 50
 100
 Mag
 netiz
 atio
 n in
 tens
 ity (e
 mu
 g)
 Figure 5 The hysteresis loop of Fe3O4GO
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 Figure 6 Effects of pH on adsorption efficiency of Sb(III)
 elsewhere and strong potential for recovery and reuse insorption treatment systems [19]
 32 Evaluation of the Performance of Fe3O4GO Composite inthe Adsorption of Sb(III)
 321 The Effect of pH An experiment on the effect of pHon Sb(III) adsorption was carried out over the pH range of20ndash110 The initial concentration of antimony was 1198620 =10mgL and the dose of Fe3O4GO was 100mg50ml thereaction temperature was 119879 = 298K reaction time was 119905 =120min with the mixing speed of 120 rmin Experimentalresults are shown in Figure 6
 Figure 6 indicated that the adsorption of Sb(III) by usingFe3O4GO was not affected in the pH range of 30ndash90 andthe maximum removal rate was over 95This phenomenonis because the species of Sb(III) are pH dependent whenthe pH is below 30 the predominant species of Sb(III) areSbO+ and Sb(OH)2+ when the pH ranges from 30 to 90
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 Figure 7 Effects of Fe3O4GO dosage on removal efficiency ofSb(III)
 Sb(OH)3 and HSbO2 are the main species of Sb(III) andonly SbO2minus exists when the pH is above 90 [20] Since thehighest adsorption is achieved at pH 30ndash90 and pH value ofthe aquatic environment is usually around 70 thus pH 70 isselected in further experiments
 322 Effect of Sorbent Dose 10 times 50ml samples of Sb(III)solution with an initial concentration of 10mgL were takenThe solution was added in a 100ml polyethylene bottle andpH was adjusted to 70 Finally the solution was mixed in aconstant temperature shaker (298K) for 120 minutes
 As shown in Figure 7 adsorption removal rate of Sb(III)increased with the Fe3O4GO dose Initially there was asharp increase in the rate of adsorption which later sloweddown The adsorption equilibrium was achieved at a doseof 60mg This might be explained by the fact that thecontact area between adsorbate and adsorbent became largerand the adsorption points of Fe3O4GO increased with the
  Journal of Analytical Methods in Chemistry 5
 100 200 300 400 5000Initial concentration (mgL)
 92
 94
 96
 98
 100
 Rem
 oval
 rate
 ()
 ClminusNO3
 minus AsO32minus
 SO42minus CO3
 2minus
 PO43minus
 Figure 8 Effects of the coexisting ions
 addition of Fe3O4GO Furthermore the difference in Sb(III)concentration between initial adsorbent and adsorbate wasrelatively large and more Sb(III) could be adsorbed byFe3O4GO which also leaded to a fast adsorption at theinitial stage With the increase of sorbent dose adsorption ofSb(III) could reach up to 100 In subsequent experiments60mg50ml was chosen as the optimum dose
 323 Effect of Coexisting Ions Effect of various anions onSb(III) adsorption efficiency was investigated A series ofexperiments using Clminus NO3
 minus SO42minus PO4
 3minus AsO32minus and
 CO32minus were selected to simulate background interference
 Ion concentrations used were 0 50 150 350 and 500mgLand the dose was 60mg50ml The results were illustrated inFigure 8
 As shown in Figure 8 Sb(III) adsorption efficiency wasall over 97 for all ions It should be noted that the removalefficiency showed a relatively low decrease with increasein anion concentration The order of decrease in removalefficiency was Clminus lt NO3
 minus lt SO42minus lt PO4
 3minus lt AsO32minus lt
 CO32minus Actually this phenomenon was related to the degree
 of association of above ions with soluble Sb species impactingon removal efficiency
 33 Adsorption Kinetics In order to study the kinetics ofFe3O4GO absorbing Sb(III) a series of Sb(III) solutions withconcentration of 10mgL and initial pH value of 70 weretaken and 60mg of Fe3O4GO was added to each solutionWhen temperature was 298K the variation of adsorption(119902119905) with the change of time was measured Pseudo-first-order kinetic model and pseudo-second-order kinetic modelwere adapted to analyze characteristics of adsorption kineticsModel equations are listed as Formula (5) [18]
 ln (119902119890 minus 119902119905) = ln 119902119890 minus 1198961119905
 Experiment dataPseudo first model fitPseudo second model fit
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 Figure 9 Kinetics models for fitting Sb(III) adsorption usingFe3O4GO
 119905
 119902119905=1
 11989621199022119890
 +1
 119902119890119905
 (5)
 where 119902119905 and 119902119890 (mgg) are the amounts of Sb(III) adsorbedonto Fe3O4GO at time 119905 and at equilibrium respectively 1198961is the rate constant determined by plotting ln(119902119890 minus 119902119905) versus119905 and 1198962 is the rate constant
 For the first-order kinetic equation of specified initialconcentration ln(119902119890minus119902119905) to time (119905)was plotted and the linearfitting was done The first-order and second-order kineticsfit lines (Figure 9) were obtained by the fitted parametersSimilarly for second-order kinetic equation 119905119902119905 to time wasgraphed and the linear fitting was undertaken The second-order kinetics fit line in Figure 9 was based on the best fitparameters
 From Figure 9 it is clear that the adsorption of Sb(III) byFe3O4GO ismore suitable for the pseudo-first-order kineticsmodel which implies a simple sorption mechanism ratherthan chemical reaction
 34 Adsorption Thermodynamics In order to study thethermodynamic characteristics of Sb(III) adsorption byFe3O4GO a series of Sb(III) solutions with various con-centrations and initial pH value of 70 were taken Thesolutions were put in constant temperature incubation box(298K) and the adsorption was performed for 24 hoursThe equilibrium absorption capacity (119902119890) as a function ofequilibrium concentration (119862119890) at the different temperatureswas plotted as the adsorption isotherms of Sb(III) in Figure 8
 Data were fitted using the Langmuir [21] and Freundlich[22] isotherm models and the equations for both models arepresented as Formula (6)
 119862119890119902119890=119862119890119902max+1
 119902max119870119871
  6 Journal of Analytical Methods in Chemistry
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 Figure 10 Thermodynamic models for fitting Sb(III) adsorptionusing Fe3O4GO
 ln 119902119890 = ln119870119865 +1
 119899ln119862119890
 (6)
 where 119862119890 is the mass concentration of Sb(III) when thesolution is in the state of adsorption equilibrium 119870119871 is theLangmuir adsorption constant 119870119865 is a Freundlich constantrelated to adsorption capacity and 1119899 is an empirical param-eter giving an indication of the favorability of adsorption It isconducted that when 1119899 is between 01 and 05 the adsorbateis easily adsorbed while when 1119899 is larger than 20 it isdifficult to adsorb [6]
 FromFigure 10 it can be seen that the adsorption reactionmatches the Langmuir isothermal adsorption model whichindicated that the adsorption of Sb(III) onto Fe3O4GOwas the monolayer adsorption Moreover adsorbing capacityincreased with an increase in temperature Meanwhile 01 lt1119899 lt 05 in Table 1 which meant that the reaction wasthermodynamically favourable
 Thermodynamic parameters were calculated by the for-mulas shown below [23]
 Δ119866 = minus119877119879 ln119870119863 (7)
 Δ119866 = Δ119867 minus 119879Δ119878 (8)
 ln119870119863 =Δ119878
 119877minusΔ119867
 119877119879 (9)
 where119870119863 is the solid-liquid distribution coefficient [24] Δ119866is the Gibbs free energy change value in adsorption processkJmolΔ119867 is the caloric value in adsorption process kJmolΔ119878 is the entropy change value in adsorption J(molsdotK)
 Based on the experimental results of the adsorption ofSb(III) onto Fe3O4GO the linear imitation was graphedin Figure 11 1119879 was the abscissa while ln119870119863 was theordinate According to Formula (9) and the obtained slope
 y = minus13865x + 6729
 R2 = 096
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 Figure 11 Thermodynamic parameters linear fit
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 Figure 12The total element distribution spectrum after adsorptionSb(III)
 and intercept of the straight line Δ119867 and Δ119878were calculatedand Δ119866 in the corresponding temperature was calculated byFormula (7) The results were presented in Table 2
 Table 2 showed that the adsorption reaction was aspontaneous process when the Gibbs free energy changevalue (Δ119866) was below zero And whenΔ119878 gt 0 the adsorptionprocess increased the entropy of the process As for the Δ119867the adsorption reaction was an endothermic process when itsvalue was over zero and thus the temperature rise was helpfulto move the reaction forward
 35 Analysis of Adsorption Mechanism The XPS results ofFe3O4GO after the adsorption of Sb(III) were depicted inFigure 12 There was a peak of Sb in the spectrum whichcoincided with the peak of O1s The spectrum of Sb afteradsorption was presented in Figure 14 The spectra of thesurface oxygen of Fe3O4GO (before and after adsorption)were shown in Figures 13 and 14 respectively
 The binding energies of Sb(3d52) and Sb(3d32) detectedby XPS were 53011 eV and 53975 eV According to the XPS
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 Table 1 The adsorption isothermal eq parameters of Fe3O4GO
 T (K)119902119890exp(mgg)
 Langmuir adsorption isotherm Freundlich adsorption isotherm119902max(mgg)
 119870119871(Lmg) R2 KF 1119899 R2
 298 956 959 0113 095 295 023 088
 Table 2 The adsorption thermodynamic parameters of Sb(III)using Fe3O4GO
 T (K) Δ119866(kJmol)
 Δ119867(kJmol)
 Δ119878(KJ(molsdotK))
 298 minus5158308 minus5718 1153 0056318 minus6278
 Peak
 inte
 nsity
 540 535 530 525 520545Electron binding energy (ev)
 O1s (53012 eV)
 Figure 13 The spectrum of O1s before adsorption
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 Figure 14 The spectrum of Sb3d and O1s after adsorption
 chemical state database the superficial antimony on theFe3O4GO exists as Sb2O5 in which the antimony was pen-tavalent However the antimony of K(SbO)C4H4O6sdot12H2Oused for preparing stock solutions was as a trivalent species It
 demonstrated that the absorption process was accompaniedwith redox reaction oxidizing the Sb III
 In order to further analyze the relation between bindenergy displacement of O(1s) and surface charge De Jong etal [25] constructed a simplified mathematical model (10)
 119876o = minus4372
 + [385023 minus 8976 lowast (545509 minus 119883o(1s))] 12
 4488
 (10)
 where 119876o is charge of oxygen atom (esu) 119883o(1s) is bindingenergy measured by XPS (eV)
 The charge variation of oxygen atom before and after theadsorption of Sb(III) onto GO was calculated by Formula(10) and the results are presented in Table 3
 Table 3 shows the charge of oxygen atom was changedfrom minus0871esu to minus0738esu during the adsorption ofantimony onto Fe3O4GO Therefore it could be concludedthat the outer electron of oxygen atom transferred andthe density of electrons changed during the adsorptionprocess demonstrating that redox reaction occurred duringthe adsorption process
 36 Adsorbent Reuse Reusability is a key factor in the inves-tigation of adsorbent performance A 01molL of ethylenediamine tetraacetic acid (EDTA) solution was utilized in thisexperiment as a useful chelating agent to enhance removal ofstrongly adsorbed Sb and test reusability of the sorbent Theresults showed Fe3O4GO lost 50 of its efficiency after fivecontinuous adsorption-regeneration-adsorption cycles as anadsorbent This degradation may be due to decomposition ofthe sorbent or blocking of exchange sites by the EDTA
 4 Conclusions
 The magnetic adsorbent Fe3O4GO was synthesized andwas studied in the removal of antimony from solutionThe rate of removal rate of antimony was greatest in thepH range of 30ndash90 Reaction kinetics indicated that theadsorption of antimony onto Fe3O4GO followed a pseudo-first-order kinetic model The adsorption of Sb(III) ontosynthesized Fe3O4GO matched a Langmuir isothermaladsorption model according to reaction thermodynamicsand the maximum adsorption capacity was found to be959mggThe thermodynamic parameters of the adsorptionproved that the adsorption of Sb(III) onto Fe3O4GO was aspontaneous and endothermic process The XPS before andafter adsorption and the relation between the binding energydisplacement of O(1s) and surface charge indicated that theadsorption process was accompanied by a redox reaction In
  8 Journal of Analytical Methods in Chemistry
 Table 3 Binding energy charge change and electron transfer direction of the oxygen atom in the adsorption process
 Binding energyeV Electric chargeesu Oxygen electron transfer directionFe3O4GO 53012 minus0871Fe3O4GO + Sb 53225 minus0738 Provide electronic
 addition the regeneration test demonstrated that Fe3O4GOcomposite has good reuse potential
 Conflicts of Interest
 The authors declare that they have no conflicts of interest
 Acknowledgments
 This work was financially supported by the National NaturalScience Fund Project of Hunan Province (2016JJ6040) andtheNationalNatural Science Foundation of China (51604113)The authors deeply appreciate this support
 References
 [1] S Sundar and J Chakravarty ldquoAntimony toxicityrdquo InternationalJournal of Environmental Research and Public Health vol 7 no12 pp 4267ndash4277 2010
 [2] X Yang Z Shi M Yuan and L Liu ldquoAdsorption of trivalentantimony from aqueous solution using graphene oxide Kineticand thermodynamic studiesrdquo Journal of Chemical and Engineer-ing Data vol 60 no 3 pp 806ndash813 2015
 [3] Council of the European Communities ldquoCouncil Directive76464EEC of 4 may 1976 on pollution caused by certaindangerous substances discharged into the aquatic environmentof the Communityrdquo Official Journal L vol 129 pp 23ndash29 1976
 [4] USEPA Water related fate of the 129 priority pollutants vol 1USEPA Washington DC USA 1979
 [5] M Kang T Kamei and Y Magara ldquoComparing polyaluminumchloride and ferric chloride for antimony removalrdquo WaterResearch vol 37 no 17 pp 4171ndash4179 2003
 [6] Y Leng W Guo S Su C Yi and L Xing ldquoRemoval of anti-mony(III) from aqueous solution by graphene as an adsorbentrdquoChemical Engineering Journal vol 211-212 pp 406ndash411 2012
 [7] United States Environmental Protection Agency Toxics ReleaseInventory USEPA Washington DC USA 1998
 [8] C G Anderson ldquoThemetallurgy of antimonyrdquoChemie der Erde- Geochemistry vol 72 no 4 pp 3ndash8 2012
 [9] Z Wu M He X Guo and R Zhou ldquoRemoval of antimony(III) and antimony (V) from drinking water by ferric chloridecoagulation Competing ion effect and themechanism analysisrdquoSeparation and Purification Technology vol 76 no 2 pp 184ndash190 2010
 [10] T Gebel ldquoAresnic and antimony Comparative approach onmechanistic toxicologyrdquo Chemico-Biological Interactions vol107 no 3 pp 131ndash144 1997
 [11] K Oorts E Smolders F Degryse et al ldquoSolubility and toxicityof antimony trioxide (Sb2O3) in soilrdquo Environmental Scienceand Technology vol 42 no 12 pp 4378ndash4383 2008
 [12] M Filella N Belzile and Y Chen ldquoAntimony in the environ-ment a review focused on natural waters I Occurencerdquo Earth-Science Reviews vol 57 no 1-2 pp 125ndash176 2002
 [13] G Zhao J Li X Ren C Chen and X Wang ldquoFew-layeredgraphene oxide nanosheets as superior sorbents for heavymetal ion pollution managementrdquo Environmental Science andTechnology vol 45 no 24 pp 10454ndash10462 2011
 [14] T F Jiao Y Z Liu Y T Wu et al ldquoFacile and scalablepreparation of graphene oxide-based magnetic hybrids for fastand highly efficient removal of organic dyesrdquo Scientific Reportsvol 5 Article ID 12451 2015
 [15] P S Teo H N Lim N M Huang C H Chia and IHarrison ldquoRoom temperature in situ chemical synthesis ofFe3O4graphenerdquo Ceramics International vol 38 no 8 pp6411ndash6416 2012
 [16] Y-P Chang C-L Ren J-C Qu and X-G Chen ldquoPreparationand characterization of Fe3O4graphene nanocomposite andinvestigation of its adsorption performance for aniline and p-chloroanilinerdquo Applied Surface Science vol 261 pp 504ndash5092012
 [17] X Yang Z Shi and L Liu ldquoAdsorption of Sb(III) from aqueoussolution by QFGO particles in batch and fixed-bed systemsrdquoChemical Engineering Journal vol 260 pp 444ndash453 2015
 [18] P Zong S Wang Y Zhao H Wang H Pan and C HeldquoSynthesis and application of magnetic grapheneiron oxidescomposite for the removal of U(VI) from aqueous solutionsrdquoChemical Engineering Journal vol 220 pp 45ndash52 2013
 [19] Y Hao Z Wang J Gou and Z Wang ldquoKinetics and ther-modynamics of diquat removal from water using magneticgraphene oxide nanocompositerdquo Canadian Journal of ChemicalEngineering vol 93 no 10 pp 1713ndash1720 2015
 [20] M Kang M Kawasaki S Tamada T Kamei and Y MagaraldquoEffect of pH on the removal of arsenic and antimony usingreverse osmosis membranesrdquo Desalination vol 131 no 1-3 pp293ndash298 2000
 [21] I Langmuir ldquoThe adsorption of gases on plane surfaces ofglassmica and platinumrdquoThe Journal of the AmericanChemicalSociety vol 40 no 9 pp 1361ndash1403 1918
 [22] H M F Freundlich ldquoUber die adsorption in lusungenrdquo TheJournal of Physical Chemistry vol 57 pp 385ndash470 1906
 [23] A Sari D Citak and M Tuzen ldquoEquilibrium thermodynamicand kinetic studies on adsorption of Sb(III) from aqueous solu-tion using low-cost natural diatomiterdquo Chemical EngineeringJournal vol 162 no 2 pp 521ndash527 2010
 [24] J Xi M He and C Lin ldquoAdsorption of antimony(III) and anti-mony(V) on bentonite Kinetics thermodynamics and anioncompetitionrdquo Microchemical Journal vol 97 no 1 pp 85ndash912011
 [25] B H W S De Jong D Ellerbroek and A L SpekldquoLow-temperature structure of lithium nesosilicate Li4SiO4and its Li1s and O1s X-ray photoelectron spectrumrdquo ActaCrystallographica Section B vol 50 no 5 pp 511ndash518 1994
  Submit your manuscripts athttpswwwhindawicom
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Inorganic ChemistryInternational Journal of
 Hindawi Publishing Corporation httpwwwhindawicom Volume 201
 International Journal ofInternational Journal ofPhotoenergy
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Carbohydrate Chemistry
 International Journal ofInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Journal of
 Chemistry
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Advances in
 Physical Chemistry
 Hindawi Publishing Corporationhttpwwwhindawicom
 Analytical Methods in Chemistry
 Journal of
 Volume 2014
 Bioinorganic Chemistry and ApplicationsHindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 SpectroscopyInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 The Scientific World JournalHindawi Publishing Corporation httpwwwhindawicom Volume 2014
 Medicinal ChemistryInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Chromatography Research International
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Applied ChemistryJournal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Theoretical ChemistryJournal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Journal of
 Spectroscopy
 Analytical ChemistryInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Quantum Chemistry
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Organic Chemistry International
 ElectrochemistryInternational Journal of
 Hindawi Publishing Corporation httpwwwhindawicom Volume 2014
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 CatalystsJournal of
 
 
 
 
 
 
 

Page 3
                        

Journal of Analytical Methods in Chemistry 3
 (a) (b) (c)
 Figure 2 (a) SEM images of GO (b) and (c) SEM images of Fe3O4GO at different magnification
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 Figure 3 FT-IR patterns of Fe3O4GO
 firmly loaded on GO because the Fe3+ and Fe2+ in solutionreacted with the carboxyl functional groups of GO to formcoordination compounds that were easily deposited on thesurface of GO
 The reaction processes are previously identified as (2)ndash(4)[15]
 2Fe2+ + GO 997888rarr 2Fe3+ + rGO (2)
 Fe2+ + 2Fe3+ + 8OHminus 997888rarr Fe3O4 + 4H2O (3)
 3Fe2+ + GO (8OHminus) 997888rarr Fe3O4 + 4H2O + rGO (4)
 312 FT-IR The images in Figure 3 show the FT-IR spectrumfor Fe3O4GOcomposites Two strong vibration stretch peaksappeared at 570 cmminus1 and 468 cmminus1 which were character-istic absorption peaks of Fe-O bond [16] The absorptionpeaks at 3438 cmminus1 1629 cmminus1 1230 cmminus1 and 1120 cmminus1were related to the vibration peak of molecular adsorptionthe vibration absorption peak of C=O in carboxyl C=O-Hor vibration of ketone skeleton and the vibration of C-O-Crespectively [17] The results indicated that a large amount ofoxygen-containing functional groups exist on the surface ofthe GO and Fe3O4 nanocomposite
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 Figure 4 XRD patterns of Fe3O4GO
 313 XRD The powder X-ray diffraction pattern in Figure 4for Fe3O4GO composites shows the diffraction basal spacing(001) is due to the crystalline GO (with 2120579 at 109∘) Sevendistinct diffraction peaks of varying FWHM are identifiedfor 2120579 at 301∘ 354∘ 431∘ 532∘ 627∘ and 740∘ andcorrespond to cubic phase crystal structure of Fe3O4 whichwere (220) (311) (400) (422) (440) and (533) respectively[18] Moreover it can be noted that there was no otherimpurity peak in XRD whichmeans the in situ growth of GOand Fe3O4 did not affect the structure of Fe3O4 during thesynthesis of the Fe3O4GO composites The cubic structureof Fe3O4 is confirmed
 314 Vibrating Sample Magnetometer The plot in Figure 5shows the hysteresis loop of the composite adsorbent Thespecific magnetism was up to 873 emug which indicatedthat the composite could achieve fast solid-liquid separationunder the applied magnetic field
 The hysteresis loop of Fe3O4GOwas close to ldquoSrdquo and thesurplus magnetic strength and magnetic coercive force werenearly zero and thus it belongs to soft magnetism It con-firms that Fe3O4GO composites were superparamagneticThe results confirm good separation potential as reported
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 Figure 5 The hysteresis loop of Fe3O4GO
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 elsewhere and strong potential for recovery and reuse insorption treatment systems [19]
 32 Evaluation of the Performance of Fe3O4GO Composite inthe Adsorption of Sb(III)
 321 The Effect of pH An experiment on the effect of pHon Sb(III) adsorption was carried out over the pH range of20ndash110 The initial concentration of antimony was 1198620 =10mgL and the dose of Fe3O4GO was 100mg50ml thereaction temperature was 119879 = 298K reaction time was 119905 =120min with the mixing speed of 120 rmin Experimentalresults are shown in Figure 6
 Figure 6 indicated that the adsorption of Sb(III) by usingFe3O4GO was not affected in the pH range of 30ndash90 andthe maximum removal rate was over 95This phenomenonis because the species of Sb(III) are pH dependent whenthe pH is below 30 the predominant species of Sb(III) areSbO+ and Sb(OH)2+ when the pH ranges from 30 to 90
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 Figure 7 Effects of Fe3O4GO dosage on removal efficiency ofSb(III)
 Sb(OH)3 and HSbO2 are the main species of Sb(III) andonly SbO2minus exists when the pH is above 90 [20] Since thehighest adsorption is achieved at pH 30ndash90 and pH value ofthe aquatic environment is usually around 70 thus pH 70 isselected in further experiments
 322 Effect of Sorbent Dose 10 times 50ml samples of Sb(III)solution with an initial concentration of 10mgL were takenThe solution was added in a 100ml polyethylene bottle andpH was adjusted to 70 Finally the solution was mixed in aconstant temperature shaker (298K) for 120 minutes
 As shown in Figure 7 adsorption removal rate of Sb(III)increased with the Fe3O4GO dose Initially there was asharp increase in the rate of adsorption which later sloweddown The adsorption equilibrium was achieved at a doseof 60mg This might be explained by the fact that thecontact area between adsorbate and adsorbent became largerand the adsorption points of Fe3O4GO increased with the
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 Figure 8 Effects of the coexisting ions
 addition of Fe3O4GO Furthermore the difference in Sb(III)concentration between initial adsorbent and adsorbate wasrelatively large and more Sb(III) could be adsorbed byFe3O4GO which also leaded to a fast adsorption at theinitial stage With the increase of sorbent dose adsorption ofSb(III) could reach up to 100 In subsequent experiments60mg50ml was chosen as the optimum dose
 323 Effect of Coexisting Ions Effect of various anions onSb(III) adsorption efficiency was investigated A series ofexperiments using Clminus NO3
 minus SO42minus PO4
 3minus AsO32minus and
 CO32minus were selected to simulate background interference
 Ion concentrations used were 0 50 150 350 and 500mgLand the dose was 60mg50ml The results were illustrated inFigure 8
 As shown in Figure 8 Sb(III) adsorption efficiency wasall over 97 for all ions It should be noted that the removalefficiency showed a relatively low decrease with increasein anion concentration The order of decrease in removalefficiency was Clminus lt NO3
 minus lt SO42minus lt PO4
 3minus lt AsO32minus lt
 CO32minus Actually this phenomenon was related to the degree
 of association of above ions with soluble Sb species impactingon removal efficiency
 33 Adsorption Kinetics In order to study the kinetics ofFe3O4GO absorbing Sb(III) a series of Sb(III) solutions withconcentration of 10mgL and initial pH value of 70 weretaken and 60mg of Fe3O4GO was added to each solutionWhen temperature was 298K the variation of adsorption(119902119905) with the change of time was measured Pseudo-first-order kinetic model and pseudo-second-order kinetic modelwere adapted to analyze characteristics of adsorption kineticsModel equations are listed as Formula (5) [18]
 ln (119902119890 minus 119902119905) = ln 119902119890 minus 1198961119905
 Experiment dataPseudo first model fitPseudo second model fit
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 Figure 9 Kinetics models for fitting Sb(III) adsorption usingFe3O4GO
 119905
 119902119905=1
 11989621199022119890
 +1
 119902119890119905
 (5)
 where 119902119905 and 119902119890 (mgg) are the amounts of Sb(III) adsorbedonto Fe3O4GO at time 119905 and at equilibrium respectively 1198961is the rate constant determined by plotting ln(119902119890 minus 119902119905) versus119905 and 1198962 is the rate constant
 For the first-order kinetic equation of specified initialconcentration ln(119902119890minus119902119905) to time (119905)was plotted and the linearfitting was done The first-order and second-order kineticsfit lines (Figure 9) were obtained by the fitted parametersSimilarly for second-order kinetic equation 119905119902119905 to time wasgraphed and the linear fitting was undertaken The second-order kinetics fit line in Figure 9 was based on the best fitparameters
 From Figure 9 it is clear that the adsorption of Sb(III) byFe3O4GO ismore suitable for the pseudo-first-order kineticsmodel which implies a simple sorption mechanism ratherthan chemical reaction
 34 Adsorption Thermodynamics In order to study thethermodynamic characteristics of Sb(III) adsorption byFe3O4GO a series of Sb(III) solutions with various con-centrations and initial pH value of 70 were taken Thesolutions were put in constant temperature incubation box(298K) and the adsorption was performed for 24 hoursThe equilibrium absorption capacity (119902119890) as a function ofequilibrium concentration (119862119890) at the different temperatureswas plotted as the adsorption isotherms of Sb(III) in Figure 8
 Data were fitted using the Langmuir [21] and Freundlich[22] isotherm models and the equations for both models arepresented as Formula (6)
 119862119890119902119890=119862119890119902max+1
 119902max119870119871
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 Figure 10 Thermodynamic models for fitting Sb(III) adsorptionusing Fe3O4GO
 ln 119902119890 = ln119870119865 +1
 119899ln119862119890
 (6)
 where 119862119890 is the mass concentration of Sb(III) when thesolution is in the state of adsorption equilibrium 119870119871 is theLangmuir adsorption constant 119870119865 is a Freundlich constantrelated to adsorption capacity and 1119899 is an empirical param-eter giving an indication of the favorability of adsorption It isconducted that when 1119899 is between 01 and 05 the adsorbateis easily adsorbed while when 1119899 is larger than 20 it isdifficult to adsorb [6]
 FromFigure 10 it can be seen that the adsorption reactionmatches the Langmuir isothermal adsorption model whichindicated that the adsorption of Sb(III) onto Fe3O4GOwas the monolayer adsorption Moreover adsorbing capacityincreased with an increase in temperature Meanwhile 01 lt1119899 lt 05 in Table 1 which meant that the reaction wasthermodynamically favourable
 Thermodynamic parameters were calculated by the for-mulas shown below [23]
 Δ119866 = minus119877119879 ln119870119863 (7)
 Δ119866 = Δ119867 minus 119879Δ119878 (8)
 ln119870119863 =Δ119878
 119877minusΔ119867
 119877119879 (9)
 where119870119863 is the solid-liquid distribution coefficient [24] Δ119866is the Gibbs free energy change value in adsorption processkJmolΔ119867 is the caloric value in adsorption process kJmolΔ119878 is the entropy change value in adsorption J(molsdotK)
 Based on the experimental results of the adsorption ofSb(III) onto Fe3O4GO the linear imitation was graphedin Figure 11 1119879 was the abscissa while ln119870119863 was theordinate According to Formula (9) and the obtained slope
 y = minus13865x + 6729
 R2 = 096
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 Figure 11 Thermodynamic parameters linear fit
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 Figure 12The total element distribution spectrum after adsorptionSb(III)
 and intercept of the straight line Δ119867 and Δ119878were calculatedand Δ119866 in the corresponding temperature was calculated byFormula (7) The results were presented in Table 2
 Table 2 showed that the adsorption reaction was aspontaneous process when the Gibbs free energy changevalue (Δ119866) was below zero And whenΔ119878 gt 0 the adsorptionprocess increased the entropy of the process As for the Δ119867the adsorption reaction was an endothermic process when itsvalue was over zero and thus the temperature rise was helpfulto move the reaction forward
 35 Analysis of Adsorption Mechanism The XPS results ofFe3O4GO after the adsorption of Sb(III) were depicted inFigure 12 There was a peak of Sb in the spectrum whichcoincided with the peak of O1s The spectrum of Sb afteradsorption was presented in Figure 14 The spectra of thesurface oxygen of Fe3O4GO (before and after adsorption)were shown in Figures 13 and 14 respectively
 The binding energies of Sb(3d52) and Sb(3d32) detectedby XPS were 53011 eV and 53975 eV According to the XPS
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 Table 1 The adsorption isothermal eq parameters of Fe3O4GO
 T (K)119902119890exp(mgg)
 Langmuir adsorption isotherm Freundlich adsorption isotherm119902max(mgg)
 119870119871(Lmg) R2 KF 1119899 R2
 298 956 959 0113 095 295 023 088
 Table 2 The adsorption thermodynamic parameters of Sb(III)using Fe3O4GO
 T (K) Δ119866(kJmol)
 Δ119867(kJmol)
 Δ119878(KJ(molsdotK))
 298 minus5158308 minus5718 1153 0056318 minus6278
 Peak
 inte
 nsity
 540 535 530 525 520545Electron binding energy (ev)
 O1s (53012 eV)
 Figure 13 The spectrum of O1s before adsorption
 Peak
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 nsity
 540 535 530 525545Electron binding energy (ev)
 O1s (53197 eV)Sb(3d52) (53011 eV)
 Sb(3d32) (53975 eV)
 Figure 14 The spectrum of Sb3d and O1s after adsorption
 chemical state database the superficial antimony on theFe3O4GO exists as Sb2O5 in which the antimony was pen-tavalent However the antimony of K(SbO)C4H4O6sdot12H2Oused for preparing stock solutions was as a trivalent species It
 demonstrated that the absorption process was accompaniedwith redox reaction oxidizing the Sb III
 In order to further analyze the relation between bindenergy displacement of O(1s) and surface charge De Jong etal [25] constructed a simplified mathematical model (10)
 119876o = minus4372
 + [385023 minus 8976 lowast (545509 minus 119883o(1s))] 12
 4488
 (10)
 where 119876o is charge of oxygen atom (esu) 119883o(1s) is bindingenergy measured by XPS (eV)
 The charge variation of oxygen atom before and after theadsorption of Sb(III) onto GO was calculated by Formula(10) and the results are presented in Table 3
 Table 3 shows the charge of oxygen atom was changedfrom minus0871esu to minus0738esu during the adsorption ofantimony onto Fe3O4GO Therefore it could be concludedthat the outer electron of oxygen atom transferred andthe density of electrons changed during the adsorptionprocess demonstrating that redox reaction occurred duringthe adsorption process
 36 Adsorbent Reuse Reusability is a key factor in the inves-tigation of adsorbent performance A 01molL of ethylenediamine tetraacetic acid (EDTA) solution was utilized in thisexperiment as a useful chelating agent to enhance removal ofstrongly adsorbed Sb and test reusability of the sorbent Theresults showed Fe3O4GO lost 50 of its efficiency after fivecontinuous adsorption-regeneration-adsorption cycles as anadsorbent This degradation may be due to decomposition ofthe sorbent or blocking of exchange sites by the EDTA
 4 Conclusions
 The magnetic adsorbent Fe3O4GO was synthesized andwas studied in the removal of antimony from solutionThe rate of removal rate of antimony was greatest in thepH range of 30ndash90 Reaction kinetics indicated that theadsorption of antimony onto Fe3O4GO followed a pseudo-first-order kinetic model The adsorption of Sb(III) ontosynthesized Fe3O4GO matched a Langmuir isothermaladsorption model according to reaction thermodynamicsand the maximum adsorption capacity was found to be959mggThe thermodynamic parameters of the adsorptionproved that the adsorption of Sb(III) onto Fe3O4GO was aspontaneous and endothermic process The XPS before andafter adsorption and the relation between the binding energydisplacement of O(1s) and surface charge indicated that theadsorption process was accompanied by a redox reaction In
  8 Journal of Analytical Methods in Chemistry
 Table 3 Binding energy charge change and electron transfer direction of the oxygen atom in the adsorption process
 Binding energyeV Electric chargeesu Oxygen electron transfer directionFe3O4GO 53012 minus0871Fe3O4GO + Sb 53225 minus0738 Provide electronic
 addition the regeneration test demonstrated that Fe3O4GOcomposite has good reuse potential
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 Figure 5 The hysteresis loop of Fe3O4GO
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 elsewhere and strong potential for recovery and reuse insorption treatment systems [19]
 32 Evaluation of the Performance of Fe3O4GO Composite inthe Adsorption of Sb(III)
 321 The Effect of pH An experiment on the effect of pHon Sb(III) adsorption was carried out over the pH range of20ndash110 The initial concentration of antimony was 1198620 =10mgL and the dose of Fe3O4GO was 100mg50ml thereaction temperature was 119879 = 298K reaction time was 119905 =120min with the mixing speed of 120 rmin Experimentalresults are shown in Figure 6
 Figure 6 indicated that the adsorption of Sb(III) by usingFe3O4GO was not affected in the pH range of 30ndash90 andthe maximum removal rate was over 95This phenomenonis because the species of Sb(III) are pH dependent whenthe pH is below 30 the predominant species of Sb(III) areSbO+ and Sb(OH)2+ when the pH ranges from 30 to 90
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 Figure 7 Effects of Fe3O4GO dosage on removal efficiency ofSb(III)
 Sb(OH)3 and HSbO2 are the main species of Sb(III) andonly SbO2minus exists when the pH is above 90 [20] Since thehighest adsorption is achieved at pH 30ndash90 and pH value ofthe aquatic environment is usually around 70 thus pH 70 isselected in further experiments
 322 Effect of Sorbent Dose 10 times 50ml samples of Sb(III)solution with an initial concentration of 10mgL were takenThe solution was added in a 100ml polyethylene bottle andpH was adjusted to 70 Finally the solution was mixed in aconstant temperature shaker (298K) for 120 minutes
 As shown in Figure 7 adsorption removal rate of Sb(III)increased with the Fe3O4GO dose Initially there was asharp increase in the rate of adsorption which later sloweddown The adsorption equilibrium was achieved at a doseof 60mg This might be explained by the fact that thecontact area between adsorbate and adsorbent became largerand the adsorption points of Fe3O4GO increased with the
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 addition of Fe3O4GO Furthermore the difference in Sb(III)concentration between initial adsorbent and adsorbate wasrelatively large and more Sb(III) could be adsorbed byFe3O4GO which also leaded to a fast adsorption at theinitial stage With the increase of sorbent dose adsorption ofSb(III) could reach up to 100 In subsequent experiments60mg50ml was chosen as the optimum dose
 323 Effect of Coexisting Ions Effect of various anions onSb(III) adsorption efficiency was investigated A series ofexperiments using Clminus NO3
 minus SO42minus PO4
 3minus AsO32minus and
 CO32minus were selected to simulate background interference
 Ion concentrations used were 0 50 150 350 and 500mgLand the dose was 60mg50ml The results were illustrated inFigure 8
 As shown in Figure 8 Sb(III) adsorption efficiency wasall over 97 for all ions It should be noted that the removalefficiency showed a relatively low decrease with increasein anion concentration The order of decrease in removalefficiency was Clminus lt NO3
 minus lt SO42minus lt PO4
 3minus lt AsO32minus lt
 CO32minus Actually this phenomenon was related to the degree
 of association of above ions with soluble Sb species impactingon removal efficiency
 33 Adsorption Kinetics In order to study the kinetics ofFe3O4GO absorbing Sb(III) a series of Sb(III) solutions withconcentration of 10mgL and initial pH value of 70 weretaken and 60mg of Fe3O4GO was added to each solutionWhen temperature was 298K the variation of adsorption(119902119905) with the change of time was measured Pseudo-first-order kinetic model and pseudo-second-order kinetic modelwere adapted to analyze characteristics of adsorption kineticsModel equations are listed as Formula (5) [18]
 ln (119902119890 minus 119902119905) = ln 119902119890 minus 1198961119905
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 Figure 9 Kinetics models for fitting Sb(III) adsorption usingFe3O4GO
 119905
 119902119905=1
 11989621199022119890
 +1
 119902119890119905
 (5)
 where 119902119905 and 119902119890 (mgg) are the amounts of Sb(III) adsorbedonto Fe3O4GO at time 119905 and at equilibrium respectively 1198961is the rate constant determined by plotting ln(119902119890 minus 119902119905) versus119905 and 1198962 is the rate constant
 For the first-order kinetic equation of specified initialconcentration ln(119902119890minus119902119905) to time (119905)was plotted and the linearfitting was done The first-order and second-order kineticsfit lines (Figure 9) were obtained by the fitted parametersSimilarly for second-order kinetic equation 119905119902119905 to time wasgraphed and the linear fitting was undertaken The second-order kinetics fit line in Figure 9 was based on the best fitparameters
 From Figure 9 it is clear that the adsorption of Sb(III) byFe3O4GO ismore suitable for the pseudo-first-order kineticsmodel which implies a simple sorption mechanism ratherthan chemical reaction
 34 Adsorption Thermodynamics In order to study thethermodynamic characteristics of Sb(III) adsorption byFe3O4GO a series of Sb(III) solutions with various con-centrations and initial pH value of 70 were taken Thesolutions were put in constant temperature incubation box(298K) and the adsorption was performed for 24 hoursThe equilibrium absorption capacity (119902119890) as a function ofequilibrium concentration (119862119890) at the different temperatureswas plotted as the adsorption isotherms of Sb(III) in Figure 8
 Data were fitted using the Langmuir [21] and Freundlich[22] isotherm models and the equations for both models arepresented as Formula (6)
 119862119890119902119890=119862119890119902max+1
 119902max119870119871
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 Figure 10 Thermodynamic models for fitting Sb(III) adsorptionusing Fe3O4GO
 ln 119902119890 = ln119870119865 +1
 119899ln119862119890
 (6)
 where 119862119890 is the mass concentration of Sb(III) when thesolution is in the state of adsorption equilibrium 119870119871 is theLangmuir adsorption constant 119870119865 is a Freundlich constantrelated to adsorption capacity and 1119899 is an empirical param-eter giving an indication of the favorability of adsorption It isconducted that when 1119899 is between 01 and 05 the adsorbateis easily adsorbed while when 1119899 is larger than 20 it isdifficult to adsorb [6]
 FromFigure 10 it can be seen that the adsorption reactionmatches the Langmuir isothermal adsorption model whichindicated that the adsorption of Sb(III) onto Fe3O4GOwas the monolayer adsorption Moreover adsorbing capacityincreased with an increase in temperature Meanwhile 01 lt1119899 lt 05 in Table 1 which meant that the reaction wasthermodynamically favourable
 Thermodynamic parameters were calculated by the for-mulas shown below [23]
 Δ119866 = minus119877119879 ln119870119863 (7)
 Δ119866 = Δ119867 minus 119879Δ119878 (8)
 ln119870119863 =Δ119878
 119877minusΔ119867
 119877119879 (9)
 where119870119863 is the solid-liquid distribution coefficient [24] Δ119866is the Gibbs free energy change value in adsorption processkJmolΔ119867 is the caloric value in adsorption process kJmolΔ119878 is the entropy change value in adsorption J(molsdotK)
 Based on the experimental results of the adsorption ofSb(III) onto Fe3O4GO the linear imitation was graphedin Figure 11 1119879 was the abscissa while ln119870119863 was theordinate According to Formula (9) and the obtained slope
 y = minus13865x + 6729
 R2 = 096
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 Figure 12The total element distribution spectrum after adsorptionSb(III)
 and intercept of the straight line Δ119867 and Δ119878were calculatedand Δ119866 in the corresponding temperature was calculated byFormula (7) The results were presented in Table 2
 Table 2 showed that the adsorption reaction was aspontaneous process when the Gibbs free energy changevalue (Δ119866) was below zero And whenΔ119878 gt 0 the adsorptionprocess increased the entropy of the process As for the Δ119867the adsorption reaction was an endothermic process when itsvalue was over zero and thus the temperature rise was helpfulto move the reaction forward
 35 Analysis of Adsorption Mechanism The XPS results ofFe3O4GO after the adsorption of Sb(III) were depicted inFigure 12 There was a peak of Sb in the spectrum whichcoincided with the peak of O1s The spectrum of Sb afteradsorption was presented in Figure 14 The spectra of thesurface oxygen of Fe3O4GO (before and after adsorption)were shown in Figures 13 and 14 respectively
 The binding energies of Sb(3d52) and Sb(3d32) detectedby XPS were 53011 eV and 53975 eV According to the XPS
  Journal of Analytical Methods in Chemistry 7
 Table 1 The adsorption isothermal eq parameters of Fe3O4GO
 T (K)119902119890exp(mgg)
 Langmuir adsorption isotherm Freundlich adsorption isotherm119902max(mgg)
 119870119871(Lmg) R2 KF 1119899 R2
 298 956 959 0113 095 295 023 088
 Table 2 The adsorption thermodynamic parameters of Sb(III)using Fe3O4GO
 T (K) Δ119866(kJmol)
 Δ119867(kJmol)
 Δ119878(KJ(molsdotK))
 298 minus5158308 minus5718 1153 0056318 minus6278
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 Figure 13 The spectrum of O1s before adsorption
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 Figure 14 The spectrum of Sb3d and O1s after adsorption
 chemical state database the superficial antimony on theFe3O4GO exists as Sb2O5 in which the antimony was pen-tavalent However the antimony of K(SbO)C4H4O6sdot12H2Oused for preparing stock solutions was as a trivalent species It
 demonstrated that the absorption process was accompaniedwith redox reaction oxidizing the Sb III
 In order to further analyze the relation between bindenergy displacement of O(1s) and surface charge De Jong etal [25] constructed a simplified mathematical model (10)
 119876o = minus4372
 + [385023 minus 8976 lowast (545509 minus 119883o(1s))] 12
 4488
 (10)
 where 119876o is charge of oxygen atom (esu) 119883o(1s) is bindingenergy measured by XPS (eV)
 The charge variation of oxygen atom before and after theadsorption of Sb(III) onto GO was calculated by Formula(10) and the results are presented in Table 3
 Table 3 shows the charge of oxygen atom was changedfrom minus0871esu to minus0738esu during the adsorption ofantimony onto Fe3O4GO Therefore it could be concludedthat the outer electron of oxygen atom transferred andthe density of electrons changed during the adsorptionprocess demonstrating that redox reaction occurred duringthe adsorption process
 36 Adsorbent Reuse Reusability is a key factor in the inves-tigation of adsorbent performance A 01molL of ethylenediamine tetraacetic acid (EDTA) solution was utilized in thisexperiment as a useful chelating agent to enhance removal ofstrongly adsorbed Sb and test reusability of the sorbent Theresults showed Fe3O4GO lost 50 of its efficiency after fivecontinuous adsorption-regeneration-adsorption cycles as anadsorbent This degradation may be due to decomposition ofthe sorbent or blocking of exchange sites by the EDTA
 4 Conclusions
 The magnetic adsorbent Fe3O4GO was synthesized andwas studied in the removal of antimony from solutionThe rate of removal rate of antimony was greatest in thepH range of 30ndash90 Reaction kinetics indicated that theadsorption of antimony onto Fe3O4GO followed a pseudo-first-order kinetic model The adsorption of Sb(III) ontosynthesized Fe3O4GO matched a Langmuir isothermaladsorption model according to reaction thermodynamicsand the maximum adsorption capacity was found to be959mggThe thermodynamic parameters of the adsorptionproved that the adsorption of Sb(III) onto Fe3O4GO was aspontaneous and endothermic process The XPS before andafter adsorption and the relation between the binding energydisplacement of O(1s) and surface charge indicated that theadsorption process was accompanied by a redox reaction In
  8 Journal of Analytical Methods in Chemistry
 Table 3 Binding energy charge change and electron transfer direction of the oxygen atom in the adsorption process
 Binding energyeV Electric chargeesu Oxygen electron transfer directionFe3O4GO 53012 minus0871Fe3O4GO + Sb 53225 minus0738 Provide electronic
 addition the regeneration test demonstrated that Fe3O4GOcomposite has good reuse potential
 Conflicts of Interest
 The authors declare that they have no conflicts of interest
 Acknowledgments
 This work was financially supported by the National NaturalScience Fund Project of Hunan Province (2016JJ6040) andtheNationalNatural Science Foundation of China (51604113)The authors deeply appreciate this support
 References
 [1] S Sundar and J Chakravarty ldquoAntimony toxicityrdquo InternationalJournal of Environmental Research and Public Health vol 7 no12 pp 4267ndash4277 2010
 [2] X Yang Z Shi M Yuan and L Liu ldquoAdsorption of trivalentantimony from aqueous solution using graphene oxide Kineticand thermodynamic studiesrdquo Journal of Chemical and Engineer-ing Data vol 60 no 3 pp 806ndash813 2015
 [3] Council of the European Communities ldquoCouncil Directive76464EEC of 4 may 1976 on pollution caused by certaindangerous substances discharged into the aquatic environmentof the Communityrdquo Official Journal L vol 129 pp 23ndash29 1976
 [4] USEPA Water related fate of the 129 priority pollutants vol 1USEPA Washington DC USA 1979
 [5] M Kang T Kamei and Y Magara ldquoComparing polyaluminumchloride and ferric chloride for antimony removalrdquo WaterResearch vol 37 no 17 pp 4171ndash4179 2003
 [6] Y Leng W Guo S Su C Yi and L Xing ldquoRemoval of anti-mony(III) from aqueous solution by graphene as an adsorbentrdquoChemical Engineering Journal vol 211-212 pp 406ndash411 2012
 [7] United States Environmental Protection Agency Toxics ReleaseInventory USEPA Washington DC USA 1998
 [8] C G Anderson ldquoThemetallurgy of antimonyrdquoChemie der Erde- Geochemistry vol 72 no 4 pp 3ndash8 2012
 [9] Z Wu M He X Guo and R Zhou ldquoRemoval of antimony(III) and antimony (V) from drinking water by ferric chloridecoagulation Competing ion effect and themechanism analysisrdquoSeparation and Purification Technology vol 76 no 2 pp 184ndash190 2010
 [10] T Gebel ldquoAresnic and antimony Comparative approach onmechanistic toxicologyrdquo Chemico-Biological Interactions vol107 no 3 pp 131ndash144 1997
 [11] K Oorts E Smolders F Degryse et al ldquoSolubility and toxicityof antimony trioxide (Sb2O3) in soilrdquo Environmental Scienceand Technology vol 42 no 12 pp 4378ndash4383 2008
 [12] M Filella N Belzile and Y Chen ldquoAntimony in the environ-ment a review focused on natural waters I Occurencerdquo Earth-Science Reviews vol 57 no 1-2 pp 125ndash176 2002
 [13] G Zhao J Li X Ren C Chen and X Wang ldquoFew-layeredgraphene oxide nanosheets as superior sorbents for heavymetal ion pollution managementrdquo Environmental Science andTechnology vol 45 no 24 pp 10454ndash10462 2011
 [14] T F Jiao Y Z Liu Y T Wu et al ldquoFacile and scalablepreparation of graphene oxide-based magnetic hybrids for fastand highly efficient removal of organic dyesrdquo Scientific Reportsvol 5 Article ID 12451 2015
 [15] P S Teo H N Lim N M Huang C H Chia and IHarrison ldquoRoom temperature in situ chemical synthesis ofFe3O4graphenerdquo Ceramics International vol 38 no 8 pp6411ndash6416 2012
 [16] Y-P Chang C-L Ren J-C Qu and X-G Chen ldquoPreparationand characterization of Fe3O4graphene nanocomposite andinvestigation of its adsorption performance for aniline and p-chloroanilinerdquo Applied Surface Science vol 261 pp 504ndash5092012
 [17] X Yang Z Shi and L Liu ldquoAdsorption of Sb(III) from aqueoussolution by QFGO particles in batch and fixed-bed systemsrdquoChemical Engineering Journal vol 260 pp 444ndash453 2015
 [18] P Zong S Wang Y Zhao H Wang H Pan and C HeldquoSynthesis and application of magnetic grapheneiron oxidescomposite for the removal of U(VI) from aqueous solutionsrdquoChemical Engineering Journal vol 220 pp 45ndash52 2013
 [19] Y Hao Z Wang J Gou and Z Wang ldquoKinetics and ther-modynamics of diquat removal from water using magneticgraphene oxide nanocompositerdquo Canadian Journal of ChemicalEngineering vol 93 no 10 pp 1713ndash1720 2015
 [20] M Kang M Kawasaki S Tamada T Kamei and Y MagaraldquoEffect of pH on the removal of arsenic and antimony usingreverse osmosis membranesrdquo Desalination vol 131 no 1-3 pp293ndash298 2000
 [21] I Langmuir ldquoThe adsorption of gases on plane surfaces ofglassmica and platinumrdquoThe Journal of the AmericanChemicalSociety vol 40 no 9 pp 1361ndash1403 1918
 [22] H M F Freundlich ldquoUber die adsorption in lusungenrdquo TheJournal of Physical Chemistry vol 57 pp 385ndash470 1906
 [23] A Sari D Citak and M Tuzen ldquoEquilibrium thermodynamicand kinetic studies on adsorption of Sb(III) from aqueous solu-tion using low-cost natural diatomiterdquo Chemical EngineeringJournal vol 162 no 2 pp 521ndash527 2010
 [24] J Xi M He and C Lin ldquoAdsorption of antimony(III) and anti-mony(V) on bentonite Kinetics thermodynamics and anioncompetitionrdquo Microchemical Journal vol 97 no 1 pp 85ndash912011
 [25] B H W S De Jong D Ellerbroek and A L SpekldquoLow-temperature structure of lithium nesosilicate Li4SiO4and its Li1s and O1s X-ray photoelectron spectrumrdquo ActaCrystallographica Section B vol 50 no 5 pp 511ndash518 1994
  Submit your manuscripts athttpswwwhindawicom
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Inorganic ChemistryInternational Journal of
 Hindawi Publishing Corporation httpwwwhindawicom Volume 201
 International Journal ofInternational Journal ofPhotoenergy
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Carbohydrate Chemistry
 International Journal ofInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Journal of
 Chemistry
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Advances in
 Physical Chemistry
 Hindawi Publishing Corporationhttpwwwhindawicom
 Analytical Methods in Chemistry
 Journal of
 Volume 2014
 Bioinorganic Chemistry and ApplicationsHindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 SpectroscopyInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 The Scientific World JournalHindawi Publishing Corporation httpwwwhindawicom Volume 2014
 Medicinal ChemistryInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Chromatography Research International
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Applied ChemistryJournal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Theoretical ChemistryJournal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Journal of
 Spectroscopy
 Analytical ChemistryInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Quantum Chemistry
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Organic Chemistry International
 ElectrochemistryInternational Journal of
 Hindawi Publishing Corporation httpwwwhindawicom Volume 2014
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 CatalystsJournal of
 
 
 
 
 

Page 5
                        

Journal of Analytical Methods in Chemistry 5
 100 200 300 400 5000Initial concentration (mgL)
 92
 94
 96
 98
 100
 Rem
 oval
 rate
 ()
 ClminusNO3
 minus AsO32minus
 SO42minus CO3
 2minus
 PO43minus
 Figure 8 Effects of the coexisting ions
 addition of Fe3O4GO Furthermore the difference in Sb(III)concentration between initial adsorbent and adsorbate wasrelatively large and more Sb(III) could be adsorbed byFe3O4GO which also leaded to a fast adsorption at theinitial stage With the increase of sorbent dose adsorption ofSb(III) could reach up to 100 In subsequent experiments60mg50ml was chosen as the optimum dose
 323 Effect of Coexisting Ions Effect of various anions onSb(III) adsorption efficiency was investigated A series ofexperiments using Clminus NO3
 minus SO42minus PO4
 3minus AsO32minus and
 CO32minus were selected to simulate background interference
 Ion concentrations used were 0 50 150 350 and 500mgLand the dose was 60mg50ml The results were illustrated inFigure 8
 As shown in Figure 8 Sb(III) adsorption efficiency wasall over 97 for all ions It should be noted that the removalefficiency showed a relatively low decrease with increasein anion concentration The order of decrease in removalefficiency was Clminus lt NO3
 minus lt SO42minus lt PO4
 3minus lt AsO32minus lt
 CO32minus Actually this phenomenon was related to the degree
 of association of above ions with soluble Sb species impactingon removal efficiency
 33 Adsorption Kinetics In order to study the kinetics ofFe3O4GO absorbing Sb(III) a series of Sb(III) solutions withconcentration of 10mgL and initial pH value of 70 weretaken and 60mg of Fe3O4GO was added to each solutionWhen temperature was 298K the variation of adsorption(119902119905) with the change of time was measured Pseudo-first-order kinetic model and pseudo-second-order kinetic modelwere adapted to analyze characteristics of adsorption kineticsModel equations are listed as Formula (5) [18]
 ln (119902119890 minus 119902119905) = ln 119902119890 minus 1198961119905
 Experiment dataPseudo first model fitPseudo second model fit
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 Figure 9 Kinetics models for fitting Sb(III) adsorption usingFe3O4GO
 119905
 119902119905=1
 11989621199022119890
 +1
 119902119890119905
 (5)
 where 119902119905 and 119902119890 (mgg) are the amounts of Sb(III) adsorbedonto Fe3O4GO at time 119905 and at equilibrium respectively 1198961is the rate constant determined by plotting ln(119902119890 minus 119902119905) versus119905 and 1198962 is the rate constant
 For the first-order kinetic equation of specified initialconcentration ln(119902119890minus119902119905) to time (119905)was plotted and the linearfitting was done The first-order and second-order kineticsfit lines (Figure 9) were obtained by the fitted parametersSimilarly for second-order kinetic equation 119905119902119905 to time wasgraphed and the linear fitting was undertaken The second-order kinetics fit line in Figure 9 was based on the best fitparameters
 From Figure 9 it is clear that the adsorption of Sb(III) byFe3O4GO ismore suitable for the pseudo-first-order kineticsmodel which implies a simple sorption mechanism ratherthan chemical reaction
 34 Adsorption Thermodynamics In order to study thethermodynamic characteristics of Sb(III) adsorption byFe3O4GO a series of Sb(III) solutions with various con-centrations and initial pH value of 70 were taken Thesolutions were put in constant temperature incubation box(298K) and the adsorption was performed for 24 hoursThe equilibrium absorption capacity (119902119890) as a function ofequilibrium concentration (119862119890) at the different temperatureswas plotted as the adsorption isotherms of Sb(III) in Figure 8
 Data were fitted using the Langmuir [21] and Freundlich[22] isotherm models and the equations for both models arepresented as Formula (6)
 119862119890119902119890=119862119890119902max+1
 119902max119870119871
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 Figure 10 Thermodynamic models for fitting Sb(III) adsorptionusing Fe3O4GO
 ln 119902119890 = ln119870119865 +1
 119899ln119862119890
 (6)
 where 119862119890 is the mass concentration of Sb(III) when thesolution is in the state of adsorption equilibrium 119870119871 is theLangmuir adsorption constant 119870119865 is a Freundlich constantrelated to adsorption capacity and 1119899 is an empirical param-eter giving an indication of the favorability of adsorption It isconducted that when 1119899 is between 01 and 05 the adsorbateis easily adsorbed while when 1119899 is larger than 20 it isdifficult to adsorb [6]
 FromFigure 10 it can be seen that the adsorption reactionmatches the Langmuir isothermal adsorption model whichindicated that the adsorption of Sb(III) onto Fe3O4GOwas the monolayer adsorption Moreover adsorbing capacityincreased with an increase in temperature Meanwhile 01 lt1119899 lt 05 in Table 1 which meant that the reaction wasthermodynamically favourable
 Thermodynamic parameters were calculated by the for-mulas shown below [23]
 Δ119866 = minus119877119879 ln119870119863 (7)
 Δ119866 = Δ119867 minus 119879Δ119878 (8)
 ln119870119863 =Δ119878
 119877minusΔ119867
 119877119879 (9)
 where119870119863 is the solid-liquid distribution coefficient [24] Δ119866is the Gibbs free energy change value in adsorption processkJmolΔ119867 is the caloric value in adsorption process kJmolΔ119878 is the entropy change value in adsorption J(molsdotK)
 Based on the experimental results of the adsorption ofSb(III) onto Fe3O4GO the linear imitation was graphedin Figure 11 1119879 was the abscissa while ln119870119863 was theordinate According to Formula (9) and the obtained slope
 y = minus13865x + 6729
 R2 = 096
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 Figure 12The total element distribution spectrum after adsorptionSb(III)
 and intercept of the straight line Δ119867 and Δ119878were calculatedand Δ119866 in the corresponding temperature was calculated byFormula (7) The results were presented in Table 2
 Table 2 showed that the adsorption reaction was aspontaneous process when the Gibbs free energy changevalue (Δ119866) was below zero And whenΔ119878 gt 0 the adsorptionprocess increased the entropy of the process As for the Δ119867the adsorption reaction was an endothermic process when itsvalue was over zero and thus the temperature rise was helpfulto move the reaction forward
 35 Analysis of Adsorption Mechanism The XPS results ofFe3O4GO after the adsorption of Sb(III) were depicted inFigure 12 There was a peak of Sb in the spectrum whichcoincided with the peak of O1s The spectrum of Sb afteradsorption was presented in Figure 14 The spectra of thesurface oxygen of Fe3O4GO (before and after adsorption)were shown in Figures 13 and 14 respectively
 The binding energies of Sb(3d52) and Sb(3d32) detectedby XPS were 53011 eV and 53975 eV According to the XPS
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 Table 1 The adsorption isothermal eq parameters of Fe3O4GO
 T (K)119902119890exp(mgg)
 Langmuir adsorption isotherm Freundlich adsorption isotherm119902max(mgg)
 119870119871(Lmg) R2 KF 1119899 R2
 298 956 959 0113 095 295 023 088
 Table 2 The adsorption thermodynamic parameters of Sb(III)using Fe3O4GO
 T (K) Δ119866(kJmol)
 Δ119867(kJmol)
 Δ119878(KJ(molsdotK))
 298 minus5158308 minus5718 1153 0056318 minus6278
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 Figure 13 The spectrum of O1s before adsorption
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 Figure 14 The spectrum of Sb3d and O1s after adsorption
 chemical state database the superficial antimony on theFe3O4GO exists as Sb2O5 in which the antimony was pen-tavalent However the antimony of K(SbO)C4H4O6sdot12H2Oused for preparing stock solutions was as a trivalent species It
 demonstrated that the absorption process was accompaniedwith redox reaction oxidizing the Sb III
 In order to further analyze the relation between bindenergy displacement of O(1s) and surface charge De Jong etal [25] constructed a simplified mathematical model (10)
 119876o = minus4372
 + [385023 minus 8976 lowast (545509 minus 119883o(1s))] 12
 4488
 (10)
 where 119876o is charge of oxygen atom (esu) 119883o(1s) is bindingenergy measured by XPS (eV)
 The charge variation of oxygen atom before and after theadsorption of Sb(III) onto GO was calculated by Formula(10) and the results are presented in Table 3
 Table 3 shows the charge of oxygen atom was changedfrom minus0871esu to minus0738esu during the adsorption ofantimony onto Fe3O4GO Therefore it could be concludedthat the outer electron of oxygen atom transferred andthe density of electrons changed during the adsorptionprocess demonstrating that redox reaction occurred duringthe adsorption process
 36 Adsorbent Reuse Reusability is a key factor in the inves-tigation of adsorbent performance A 01molL of ethylenediamine tetraacetic acid (EDTA) solution was utilized in thisexperiment as a useful chelating agent to enhance removal ofstrongly adsorbed Sb and test reusability of the sorbent Theresults showed Fe3O4GO lost 50 of its efficiency after fivecontinuous adsorption-regeneration-adsorption cycles as anadsorbent This degradation may be due to decomposition ofthe sorbent or blocking of exchange sites by the EDTA
 4 Conclusions
 The magnetic adsorbent Fe3O4GO was synthesized andwas studied in the removal of antimony from solutionThe rate of removal rate of antimony was greatest in thepH range of 30ndash90 Reaction kinetics indicated that theadsorption of antimony onto Fe3O4GO followed a pseudo-first-order kinetic model The adsorption of Sb(III) ontosynthesized Fe3O4GO matched a Langmuir isothermaladsorption model according to reaction thermodynamicsand the maximum adsorption capacity was found to be959mggThe thermodynamic parameters of the adsorptionproved that the adsorption of Sb(III) onto Fe3O4GO was aspontaneous and endothermic process The XPS before andafter adsorption and the relation between the binding energydisplacement of O(1s) and surface charge indicated that theadsorption process was accompanied by a redox reaction In
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 Table 3 Binding energy charge change and electron transfer direction of the oxygen atom in the adsorption process
 Binding energyeV Electric chargeesu Oxygen electron transfer directionFe3O4GO 53012 minus0871Fe3O4GO + Sb 53225 minus0738 Provide electronic
 addition the regeneration test demonstrated that Fe3O4GOcomposite has good reuse potential
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 Figure 10 Thermodynamic models for fitting Sb(III) adsorptionusing Fe3O4GO
 ln 119902119890 = ln119870119865 +1
 119899ln119862119890
 (6)
 where 119862119890 is the mass concentration of Sb(III) when thesolution is in the state of adsorption equilibrium 119870119871 is theLangmuir adsorption constant 119870119865 is a Freundlich constantrelated to adsorption capacity and 1119899 is an empirical param-eter giving an indication of the favorability of adsorption It isconducted that when 1119899 is between 01 and 05 the adsorbateis easily adsorbed while when 1119899 is larger than 20 it isdifficult to adsorb [6]
 FromFigure 10 it can be seen that the adsorption reactionmatches the Langmuir isothermal adsorption model whichindicated that the adsorption of Sb(III) onto Fe3O4GOwas the monolayer adsorption Moreover adsorbing capacityincreased with an increase in temperature Meanwhile 01 lt1119899 lt 05 in Table 1 which meant that the reaction wasthermodynamically favourable
 Thermodynamic parameters were calculated by the for-mulas shown below [23]
 Δ119866 = minus119877119879 ln119870119863 (7)
 Δ119866 = Δ119867 minus 119879Δ119878 (8)
 ln119870119863 =Δ119878
 119877minusΔ119867
 119877119879 (9)
 where119870119863 is the solid-liquid distribution coefficient [24] Δ119866is the Gibbs free energy change value in adsorption processkJmolΔ119867 is the caloric value in adsorption process kJmolΔ119878 is the entropy change value in adsorption J(molsdotK)
 Based on the experimental results of the adsorption ofSb(III) onto Fe3O4GO the linear imitation was graphedin Figure 11 1119879 was the abscissa while ln119870119863 was theordinate According to Formula (9) and the obtained slope
 y = minus13865x + 6729
 R2 = 096
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 Figure 12The total element distribution spectrum after adsorptionSb(III)
 and intercept of the straight line Δ119867 and Δ119878were calculatedand Δ119866 in the corresponding temperature was calculated byFormula (7) The results were presented in Table 2
 Table 2 showed that the adsorption reaction was aspontaneous process when the Gibbs free energy changevalue (Δ119866) was below zero And whenΔ119878 gt 0 the adsorptionprocess increased the entropy of the process As for the Δ119867the adsorption reaction was an endothermic process when itsvalue was over zero and thus the temperature rise was helpfulto move the reaction forward
 35 Analysis of Adsorption Mechanism The XPS results ofFe3O4GO after the adsorption of Sb(III) were depicted inFigure 12 There was a peak of Sb in the spectrum whichcoincided with the peak of O1s The spectrum of Sb afteradsorption was presented in Figure 14 The spectra of thesurface oxygen of Fe3O4GO (before and after adsorption)were shown in Figures 13 and 14 respectively
 The binding energies of Sb(3d52) and Sb(3d32) detectedby XPS were 53011 eV and 53975 eV According to the XPS
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 Table 1 The adsorption isothermal eq parameters of Fe3O4GO
 T (K)119902119890exp(mgg)
 Langmuir adsorption isotherm Freundlich adsorption isotherm119902max(mgg)
 119870119871(Lmg) R2 KF 1119899 R2
 298 956 959 0113 095 295 023 088
 Table 2 The adsorption thermodynamic parameters of Sb(III)using Fe3O4GO
 T (K) Δ119866(kJmol)
 Δ119867(kJmol)
 Δ119878(KJ(molsdotK))
 298 minus5158308 minus5718 1153 0056318 minus6278
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 Figure 13 The spectrum of O1s before adsorption
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 Figure 14 The spectrum of Sb3d and O1s after adsorption
 chemical state database the superficial antimony on theFe3O4GO exists as Sb2O5 in which the antimony was pen-tavalent However the antimony of K(SbO)C4H4O6sdot12H2Oused for preparing stock solutions was as a trivalent species It
 demonstrated that the absorption process was accompaniedwith redox reaction oxidizing the Sb III
 In order to further analyze the relation between bindenergy displacement of O(1s) and surface charge De Jong etal [25] constructed a simplified mathematical model (10)
 119876o = minus4372
 + [385023 minus 8976 lowast (545509 minus 119883o(1s))] 12
 4488
 (10)
 where 119876o is charge of oxygen atom (esu) 119883o(1s) is bindingenergy measured by XPS (eV)
 The charge variation of oxygen atom before and after theadsorption of Sb(III) onto GO was calculated by Formula(10) and the results are presented in Table 3
 Table 3 shows the charge of oxygen atom was changedfrom minus0871esu to minus0738esu during the adsorption ofantimony onto Fe3O4GO Therefore it could be concludedthat the outer electron of oxygen atom transferred andthe density of electrons changed during the adsorptionprocess demonstrating that redox reaction occurred duringthe adsorption process
 36 Adsorbent Reuse Reusability is a key factor in the inves-tigation of adsorbent performance A 01molL of ethylenediamine tetraacetic acid (EDTA) solution was utilized in thisexperiment as a useful chelating agent to enhance removal ofstrongly adsorbed Sb and test reusability of the sorbent Theresults showed Fe3O4GO lost 50 of its efficiency after fivecontinuous adsorption-regeneration-adsorption cycles as anadsorbent This degradation may be due to decomposition ofthe sorbent or blocking of exchange sites by the EDTA
 4 Conclusions
 The magnetic adsorbent Fe3O4GO was synthesized andwas studied in the removal of antimony from solutionThe rate of removal rate of antimony was greatest in thepH range of 30ndash90 Reaction kinetics indicated that theadsorption of antimony onto Fe3O4GO followed a pseudo-first-order kinetic model The adsorption of Sb(III) ontosynthesized Fe3O4GO matched a Langmuir isothermaladsorption model according to reaction thermodynamicsand the maximum adsorption capacity was found to be959mggThe thermodynamic parameters of the adsorptionproved that the adsorption of Sb(III) onto Fe3O4GO was aspontaneous and endothermic process The XPS before andafter adsorption and the relation between the binding energydisplacement of O(1s) and surface charge indicated that theadsorption process was accompanied by a redox reaction In
  8 Journal of Analytical Methods in Chemistry
 Table 3 Binding energy charge change and electron transfer direction of the oxygen atom in the adsorption process
 Binding energyeV Electric chargeesu Oxygen electron transfer directionFe3O4GO 53012 minus0871Fe3O4GO + Sb 53225 minus0738 Provide electronic
 addition the regeneration test demonstrated that Fe3O4GOcomposite has good reuse potential
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 Table 1 The adsorption isothermal eq parameters of Fe3O4GO
 T (K)119902119890exp(mgg)
 Langmuir adsorption isotherm Freundlich adsorption isotherm119902max(mgg)
 119870119871(Lmg) R2 KF 1119899 R2
 298 956 959 0113 095 295 023 088
 Table 2 The adsorption thermodynamic parameters of Sb(III)using Fe3O4GO
 T (K) Δ119866(kJmol)
 Δ119867(kJmol)
 Δ119878(KJ(molsdotK))
 298 minus5158308 minus5718 1153 0056318 minus6278
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 Figure 13 The spectrum of O1s before adsorption
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 chemical state database the superficial antimony on theFe3O4GO exists as Sb2O5 in which the antimony was pen-tavalent However the antimony of K(SbO)C4H4O6sdot12H2Oused for preparing stock solutions was as a trivalent species It
 demonstrated that the absorption process was accompaniedwith redox reaction oxidizing the Sb III
 In order to further analyze the relation between bindenergy displacement of O(1s) and surface charge De Jong etal [25] constructed a simplified mathematical model (10)
 119876o = minus4372
 + [385023 minus 8976 lowast (545509 minus 119883o(1s))] 12
 4488
 (10)
 where 119876o is charge of oxygen atom (esu) 119883o(1s) is bindingenergy measured by XPS (eV)
 The charge variation of oxygen atom before and after theadsorption of Sb(III) onto GO was calculated by Formula(10) and the results are presented in Table 3
 Table 3 shows the charge of oxygen atom was changedfrom minus0871esu to minus0738esu during the adsorption ofantimony onto Fe3O4GO Therefore it could be concludedthat the outer electron of oxygen atom transferred andthe density of electrons changed during the adsorptionprocess demonstrating that redox reaction occurred duringthe adsorption process
 36 Adsorbent Reuse Reusability is a key factor in the inves-tigation of adsorbent performance A 01molL of ethylenediamine tetraacetic acid (EDTA) solution was utilized in thisexperiment as a useful chelating agent to enhance removal ofstrongly adsorbed Sb and test reusability of the sorbent Theresults showed Fe3O4GO lost 50 of its efficiency after fivecontinuous adsorption-regeneration-adsorption cycles as anadsorbent This degradation may be due to decomposition ofthe sorbent or blocking of exchange sites by the EDTA
 4 Conclusions
 The magnetic adsorbent Fe3O4GO was synthesized andwas studied in the removal of antimony from solutionThe rate of removal rate of antimony was greatest in thepH range of 30ndash90 Reaction kinetics indicated that theadsorption of antimony onto Fe3O4GO followed a pseudo-first-order kinetic model The adsorption of Sb(III) ontosynthesized Fe3O4GO matched a Langmuir isothermaladsorption model according to reaction thermodynamicsand the maximum adsorption capacity was found to be959mggThe thermodynamic parameters of the adsorptionproved that the adsorption of Sb(III) onto Fe3O4GO was aspontaneous and endothermic process The XPS before andafter adsorption and the relation between the binding energydisplacement of O(1s) and surface charge indicated that theadsorption process was accompanied by a redox reaction In
  8 Journal of Analytical Methods in Chemistry
 Table 3 Binding energy charge change and electron transfer direction of the oxygen atom in the adsorption process
 Binding energyeV Electric chargeesu Oxygen electron transfer directionFe3O4GO 53012 minus0871Fe3O4GO + Sb 53225 minus0738 Provide electronic
 addition the regeneration test demonstrated that Fe3O4GOcomposite has good reuse potential
 Conflicts of Interest
 The authors declare that they have no conflicts of interest
 Acknowledgments
 This work was financially supported by the National NaturalScience Fund Project of Hunan Province (2016JJ6040) andtheNationalNatural Science Foundation of China (51604113)The authors deeply appreciate this support
 References
 [1] S Sundar and J Chakravarty ldquoAntimony toxicityrdquo InternationalJournal of Environmental Research and Public Health vol 7 no12 pp 4267ndash4277 2010
 [2] X Yang Z Shi M Yuan and L Liu ldquoAdsorption of trivalentantimony from aqueous solution using graphene oxide Kineticand thermodynamic studiesrdquo Journal of Chemical and Engineer-ing Data vol 60 no 3 pp 806ndash813 2015
 [3] Council of the European Communities ldquoCouncil Directive76464EEC of 4 may 1976 on pollution caused by certaindangerous substances discharged into the aquatic environmentof the Communityrdquo Official Journal L vol 129 pp 23ndash29 1976
 [4] USEPA Water related fate of the 129 priority pollutants vol 1USEPA Washington DC USA 1979
 [5] M Kang T Kamei and Y Magara ldquoComparing polyaluminumchloride and ferric chloride for antimony removalrdquo WaterResearch vol 37 no 17 pp 4171ndash4179 2003
 [6] Y Leng W Guo S Su C Yi and L Xing ldquoRemoval of anti-mony(III) from aqueous solution by graphene as an adsorbentrdquoChemical Engineering Journal vol 211-212 pp 406ndash411 2012
 [7] United States Environmental Protection Agency Toxics ReleaseInventory USEPA Washington DC USA 1998
 [8] C G Anderson ldquoThemetallurgy of antimonyrdquoChemie der Erde- Geochemistry vol 72 no 4 pp 3ndash8 2012
 [9] Z Wu M He X Guo and R Zhou ldquoRemoval of antimony(III) and antimony (V) from drinking water by ferric chloridecoagulation Competing ion effect and themechanism analysisrdquoSeparation and Purification Technology vol 76 no 2 pp 184ndash190 2010
 [10] T Gebel ldquoAresnic and antimony Comparative approach onmechanistic toxicologyrdquo Chemico-Biological Interactions vol107 no 3 pp 131ndash144 1997
 [11] K Oorts E Smolders F Degryse et al ldquoSolubility and toxicityof antimony trioxide (Sb2O3) in soilrdquo Environmental Scienceand Technology vol 42 no 12 pp 4378ndash4383 2008
 [12] M Filella N Belzile and Y Chen ldquoAntimony in the environ-ment a review focused on natural waters I Occurencerdquo Earth-Science Reviews vol 57 no 1-2 pp 125ndash176 2002
 [13] G Zhao J Li X Ren C Chen and X Wang ldquoFew-layeredgraphene oxide nanosheets as superior sorbents for heavymetal ion pollution managementrdquo Environmental Science andTechnology vol 45 no 24 pp 10454ndash10462 2011
 [14] T F Jiao Y Z Liu Y T Wu et al ldquoFacile and scalablepreparation of graphene oxide-based magnetic hybrids for fastand highly efficient removal of organic dyesrdquo Scientific Reportsvol 5 Article ID 12451 2015
 [15] P S Teo H N Lim N M Huang C H Chia and IHarrison ldquoRoom temperature in situ chemical synthesis ofFe3O4graphenerdquo Ceramics International vol 38 no 8 pp6411ndash6416 2012
 [16] Y-P Chang C-L Ren J-C Qu and X-G Chen ldquoPreparationand characterization of Fe3O4graphene nanocomposite andinvestigation of its adsorption performance for aniline and p-chloroanilinerdquo Applied Surface Science vol 261 pp 504ndash5092012
 [17] X Yang Z Shi and L Liu ldquoAdsorption of Sb(III) from aqueoussolution by QFGO particles in batch and fixed-bed systemsrdquoChemical Engineering Journal vol 260 pp 444ndash453 2015
 [18] P Zong S Wang Y Zhao H Wang H Pan and C HeldquoSynthesis and application of magnetic grapheneiron oxidescomposite for the removal of U(VI) from aqueous solutionsrdquoChemical Engineering Journal vol 220 pp 45ndash52 2013
 [19] Y Hao Z Wang J Gou and Z Wang ldquoKinetics and ther-modynamics of diquat removal from water using magneticgraphene oxide nanocompositerdquo Canadian Journal of ChemicalEngineering vol 93 no 10 pp 1713ndash1720 2015
 [20] M Kang M Kawasaki S Tamada T Kamei and Y MagaraldquoEffect of pH on the removal of arsenic and antimony usingreverse osmosis membranesrdquo Desalination vol 131 no 1-3 pp293ndash298 2000
 [21] I Langmuir ldquoThe adsorption of gases on plane surfaces ofglassmica and platinumrdquoThe Journal of the AmericanChemicalSociety vol 40 no 9 pp 1361ndash1403 1918
 [22] H M F Freundlich ldquoUber die adsorption in lusungenrdquo TheJournal of Physical Chemistry vol 57 pp 385ndash470 1906
 [23] A Sari D Citak and M Tuzen ldquoEquilibrium thermodynamicand kinetic studies on adsorption of Sb(III) from aqueous solu-tion using low-cost natural diatomiterdquo Chemical EngineeringJournal vol 162 no 2 pp 521ndash527 2010
 [24] J Xi M He and C Lin ldquoAdsorption of antimony(III) and anti-mony(V) on bentonite Kinetics thermodynamics and anioncompetitionrdquo Microchemical Journal vol 97 no 1 pp 85ndash912011
 [25] B H W S De Jong D Ellerbroek and A L SpekldquoLow-temperature structure of lithium nesosilicate Li4SiO4and its Li1s and O1s X-ray photoelectron spectrumrdquo ActaCrystallographica Section B vol 50 no 5 pp 511ndash518 1994
  Submit your manuscripts athttpswwwhindawicom
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Inorganic ChemistryInternational Journal of
 Hindawi Publishing Corporation httpwwwhindawicom Volume 201
 International Journal ofInternational Journal ofPhotoenergy
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Carbohydrate Chemistry
 International Journal ofInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Journal of
 Chemistry
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Advances in
 Physical Chemistry
 Hindawi Publishing Corporationhttpwwwhindawicom
 Analytical Methods in Chemistry
 Journal of
 Volume 2014
 Bioinorganic Chemistry and ApplicationsHindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 SpectroscopyInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 The Scientific World JournalHindawi Publishing Corporation httpwwwhindawicom Volume 2014
 Medicinal ChemistryInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Chromatography Research International
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Applied ChemistryJournal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Theoretical ChemistryJournal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Journal of
 Spectroscopy
 Analytical ChemistryInternational Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Journal of
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Quantum Chemistry
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 Organic Chemistry International
 ElectrochemistryInternational Journal of
 Hindawi Publishing Corporation httpwwwhindawicom Volume 2014
 Hindawi Publishing Corporationhttpwwwhindawicom Volume 2014
 CatalystsJournal of
 
 

Page 8
                        

8 Journal of Analytical Methods in Chemistry
 Table 3 Binding energy charge change and electron transfer direction of the oxygen atom in the adsorption process
 Binding energyeV Electric chargeesu Oxygen electron transfer directionFe3O4GO 53012 minus0871Fe3O4GO + Sb 53225 minus0738 Provide electronic
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