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Abstract. In this work, a novel ternary magnetic nanocomposite, Ag/CuFe2O4/rGO, was produced by a facile hydrothermal route. The structure and composition of the nanocomposite was characterized by FT-IR, XRD, VSM, FESEM, EDX, TEM, BET and AFM analyses. The catalytic performance of the nanocomposite in the reduction of nitroarenes by using NaBH4 as reducing agent was evaluated. The Ag/CuFe2O4/rGO nanocomposite exhibited the high performance in the reduction of 2-nitrophenol (2-NP) and 4-nitrophenol (4-NP) with 100% conversion within 10–30 min. The catalytic activity of the Ag/CuFe2O4/rGO composite was enhanced as compared with GO, Ag, and CuFe2O4 samples due to easier electron transfer process. Furthermore, the adsorption data revealed that cationic methylene blue (MB) dye could be removed almost completely by the Ag/CuFe2O4/rGO composite within only 2 minutes and the composite could also selectively adsorb MB from mixed dye solutions of anionic methyl orange (MO). Due to the existence of CuFe2O4 nanoparticles, the Ag/CuFe2O4/rGO nanocomposite can be magnetically separated and reused without any change in structure and performance.
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1. Introduction
Nitroarenes are one of the most pollutants that often exist in industrial wastewaters, while aromatic amines are  of various commercial importance as an  intermediate  for the production  of pharmaceutical ingredients, various polymers and dyes.1-3 In fact, synthesis of aminoarenes from the corresponding nitro compounds is an important process in the chemical industries and several methods for preparation of them were found, such as stoichiometric  reducing  agents and  catalytic hydrogenation.4-7 A large amount of industrial wastewaters also contain organic dye pollutants. Organic dyes are one of the main causes of the pollution of industrial wastewater that removal of them through different technologies such as adsorption is of great importance in environmental processes.8-15 Hence, there is a need to find a new desirable material, which not only has the capacity of reducing the nitroarenes but also can achieve adsorption and selective separation of organic pollutants. To date, many  researches  have been carried out in the  area  of  metal  nanoparticles-based heterogeneous catalyst as they possess a high surface to volume ratio and reusability, ease of separation and enhanced catalytic properties.16-18 Among them, gold and silver  nanoparticles  are particularly attractive due to their high electrical, optical, and catalytic properties19-21 but they require suitable supports such as  metal oxides, zeolites or graphene  derivatives to immobilize them and prevent aggregation during the reaction.22-25 Graphene, single-layer carbon  atoms  densely packed into a two-dimensional (2D) lattice, has  high surface area, excellent electrical conductivity and high mechanical strength.26 It can be used as a promising catalyst support on which the metal nanocatalysts can be stabilized and result in the further enhanced catalytic performance.27-28 One of the applications of graphene-based materials is the removal of organic dye pollutants from water.29-30 However, the graphene composites are usually separated by tedious filtrating from water after the adsorption/catalytic process. To overcome this weakness, coupling with magnetic materials is highly desirable.  Spinel ferrites with general formula MFe2O4 (M = Mn, Fe, Co, Ni, Cu, etc.) have been of great interest in many magnetic applications.31
     Considering the above, in this work, we have synthesized the novel magnetic Ag/CuFe2O4/rGO nanocomposite via solvothermal synthesis and fully characterized by various techniques. Due to reducing capacity of Ag and magnetic separation  property of CuFe2O4, the designed nanocomposite not only displays excellent performance  for  catalytic reduction of  nitroarenes  in the presence of NaBH4, but also be  easily  recycled using  an external magnetic field. Furthermore, the Ag/CuFe2O4/rGO nanomaterial, could be demonstrated to have great potential as effective adsorbent in removal of dye pollutants from wastewater, owing to high adsorption capacity of graphene. To our best knowledge and based on the literature review, this is the ﬁrst report on the use of a ternary Ag/CuFe2O4/RGO composite for magnetically recyclable catalysis of nitroaromatic compounds and adsorption removal of dyes. 
2. Experimental
2.1. Materials. 
All reagents including solvents and the materials used for synthesis of the composite, 2-nitrophenol (2-NP), 4-nitrophenol (4-NP), 2-nitroaniline (2-NA), 4-nitroaniline (4-NA), sodium borohydride (NaBH4), methylene blue (MB) and methyl orange (MO) were purchased from Merck or Sigma Aldrich company and  used without  further  purification. 

2.2. Preparation of Ag/CuFe2O4/rGO Nanocomposite
Graphene oxide (GO)  nanosheets were prepared  from natural graphite powder by the  modified Hummer’s method.32 The compacted graphite oxide layers were separated from each other through ultrasonication to acquire graphene oxide sheets. For synthesis of the Ag/CuFe2O4/rGO nanocomposite, 0.1 of as-prepared GO, Fe(NO3)3.9H2O (2 mmol, 0.4g) and Cu(NO3)2.2H2O (1 mmol, 0.12 g) were dispersed in 30 mL of ethylene glycol (EG) to form a clear solution, followed  by the addition of sodium acetate (45 mmol, 3.1 g ) and AgNO3 (1.2 mmol, 0.2g).The mixture was ultrasonicated for 120 min. Subsequently, the obtained suspension was transferred into a teﬂon-lined stainless-steel autoclave. The autoclave was sealed and put into the oven, which was heated and maintained at 200( C for 9 h, then taken out and allowed to cool naturally at room temperature. Finally, the black product was magnetically collected and washed thoroughly with water and ethanol, followed by drying at 50 (C for a few hours. It was dried in the oven at 50 °C for a few hours and denoted as Ag/CuFe2O4/rGO composite with 23% wt Ag as confirmed by ICP-AES analysis. For comparison, pure CuFe2O4 and Ag nanoparticles were synthesized under the same conditions without adding Ag, GO and CuFe2O4, GO respectively.
2.3. Characterization Techniques
X-ray diffraction (XRD) measurements were carried out on a Rikagu D-max X-Ray diffractometer using Cu K( radiation (( = 1.540 Å). Fourier transform infrared (FT-IR) spectra were recorded using shimadzu FT- IR 160 spectrometer over the wavenumber range from 4000 to 400 cm-1. Raman spectra were obtained using a Raman microscope with laser wavenumber of 785 nm. The morphology and size of the nanocomposite particles were characterized by Mira3 Tescan, scanning electron microscope (FESEM) outﬁtted with energy field dispersive X-ray analyzer (EDX) for the elemental analysis of the sample. TEM images were obtained on the electron microscope (Philips CM120) at the accelerating voltage of 100 kV. The magnetic properties were measured using a vibrating sample magnetometer (Model: MDKFD, Magnetic Daneshpajoh Kashan Co., Iran) with a maximum magnetic field of 10 kOe. AFM images were recorded on a multi-mode atomic force microscopy (ARA-AFM, model Full Plus, ARA Research Co., Iran). The Brunauer-Emmett-Teller (BET) surface area was measured by N2 adsorption measurements at 77 K using Belsorp mini apparatus. UV-visible spectra were obtained from a Cary 100 Varian spectrophotometer in a wavelength range of 200–800 nm. The concentration of metals in the filtrate was determined by inductively coupled plasma atomic emission spectroscopy (Perkin Elmer ICP-OES).
2.4. Catalytic Reduction Tests

In order to study the catalytic performance of as-synthesized Ag/CuFe2O4/rGO nanocomposite in reduction processes, the reduction of some nitroaromatic compounds by excess NaBH4 in aqueous solution was investigated. For this work, freshly prepared aqueous solution of NaBH4 (0.5 mL, 20 mM) was mixed with as-prepared aqueous solution (3 mL, 0.2 mM) of the nitroaromatic compounds, in the quartz cell (1.0 cm path length and 4 mL volume). Then, 3mg of the Ag/CuFe2O4/rGO nanocatalyst was added into the solution and the progress of reduction was monitored by UV-vis spectrophotometer in the range of 200–800 nm, with cycling over definite time intervals at room temperature. 

2.5. Dye Adsorption Tests 

The adsorption experiments were performed as follows: 50 mg of the Ag/CuFe2O4/rGO nanomaterial was added into 50 mL of dye solution (25 mg/L) under stirring. At predetermined time intervals, the concentrations of dye solutions, from which the adsorbent was removed by magnetic separation, were determined by measuring the absorbance of dye solution (MB,MO) using a Cary 100 Varian UV–Vis spectrophotometer. A similar experiment was also done with 50 mL of MB solutions of different concentrations (25, 50, 75 and 100 mg/L). Moreover, the UV–Vis spectroscopy was performed to determine the selective adsorption ability of Ag/CuFe2O4/rGO nanocomposite at given time intervals. The amount of dye removal efficiency (R%) was calculated by the following equation:

R% = (C0-Ct)/C0 ( 100, where C0 and Ct are the dye concentrations (mg/L) at the initial and t time, respectively. In all aqueous solutions containing dye and Ag/CuFe2O4/rGO nanocomposite, the residual concentrations of Ag and Cu after removing the nanomaterial were detected to be less than 0.1 % by the ICP-AES analysis of the reaction mixtures.
3. Results and Discussion
3.1. Characterization of the Ag/CuFe2O4/rGO Nanocomposite
The XRD analysis was used to investigate the composition and structure of the products. Fig. 1(a)-(b) shows the XRD patterns of GO, CuFe2O4, Ag and Ag/CuFe2O4/rGO nanocomposite samples. Fig. 1(a) shows the XRD pattern of GrO with a characteristic peak at 2( =11.5(. As seen in Fig. 1(b), the  diffraction peaks indexed at 2( =30.2(, 35.6(, 43.2(, 53.6(, 57.1(, 62.7( and 74.2 ( were attributed to (220), (311), (400), (107), (511), (440) and (533) planes of cubic spinel structure of CuFe2O4 (JCPDS-34-0425)33.  XRD pattern of Ag nanoparticles in Fig. 1(c) shows peaks at 2( values of 38.3(, 43.5(, 64.6( and 77.5( which could be assigned to the  (111),  (200),  (220), and (311) planes of metallic silver (JCPDS-04-0783).34 From the XRD pattern of Ag/CuFe2O4/rGO nanocomposite, it is obvious that all observed  peaks can be attributed  to CuFe2O4 and Ag. No characteristic diffraction peaks for GO are observed in the pattern, indicating that the GO nanosheets do not stack during the synthesis. The reason can be attributed to the CuFe2O4 and Ag nanoparticles anchored on the surfaces of GO to prevent the exfoliated GO nanosheets from restacking.35 The average crystallite size of nanocomposite was calculated to be about 27 nm using the classical Scherrer equation: DXRD = 0.9(/((cos(), where DXRD represents the crystalline size, ( is the wavelength of Cu Ka (0.154 nm), ( is the full width at half maximum of the diffraction peak, and ( is the Bragg angle.
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Figure 1. XRD patterns of (a) GO, (b) CuFe2O4 and (c) Ag/CuFe2O4/rGO.

FT-IR spectra  of pure GO, CuFe2O4, Ag and  Ag/CuFe2O4/rGO nanocomposites are shown in Fig.2(a)-(d). For the Ag/CuFe2O4/rGO nanocomposite,  the characteristic absorption bands of oxide groups in GO, such as C=O stretching vibration peak at 1727 cm−1, the vibration peaks of O−H groups at 1627 cm−1 and the C−O (alkoxy) stretching peak at 1027cm−1, decreased dramatically and some of them disappeared after the reduction treatment, indicating that most oxygen-containing functional groups in the GO were removed.36 This analysis, further proves the reduction of GO in the as-prepared nanocomposite, which is consistent with the results of XRD. Moreover, there are two signiﬁcant bands centered at 565 and 445 cm-1  which appear at low energy. These absorption bands are undoubtedly assigned to CuFe2O4 NPs. 37
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Figure 2. FT-IR spectra of (a) GO, (b) CuFe2O4 and (c) Ag/CuFe2O4/rGO nanocomposite.

The morphology and size of pure GO and Ag/CuFe2O4/rGO nanocomposite were investigated by SEM analysis. Figure 3(a) shows the SEM of GO nanosheets which stacked together due to the dispersive forces between them.38 From Figure 3(b)-(d), it can be clearly seen that Ag and CuFe2O4 nanoparticles with an average particle size of about 30 nm are evenly distributed as spheres on the graphene layers. 
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Figure 3. SEM images of (a) pure GO and (b)-(d) Ag/CuFe2O4/rGO nanocomposite.

Further investigation was carried out by energy dispersive X-ray spectroscopy (EDX) to characterize the composition of as-prepared Ag/CuFe2O4/rGO nanocomposite. The presence of Ag, Cu, Fe, C and O elements in the nanocomposite could be proved by the EDX elemental spectrum (Figure 4(a)) and the corresponding elemental mappings distribution (Figure 4(b)) shows the uniform distribution of these elements in the Ag/CuFe2O4/rGO  nanocomposite.
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Figure 4. (a) Energy-dispersive X-ray spectroscopy (EDX) spectrum of Ag/CuFe2O4/rGO and (b) elemental mappings for C, O, Fe, Cu and Ag.
Figure 5(a)-(c) shows representative TEM images of Ag/CuFe2O4 and Ag/CuFe2O4/rGO samples. As can be observed in Figure 5(b) and (c), Ag and CuFe2O4 nanopaticles with average particle size distribution of 10-40 nm and the mean particle diameter of about 30 nm are decorated on the transparent graphene sheets. The presence of graphene as a template, leads to lower aggregation of Ag and CuFe2O4 nanoparticles.   
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Figure 5. TEM images of (a) Ag/CuFe2O4 and (b,c) Ag/CuFe2O4/rGO nanocomposite.

The Raman spectra of GO and Ag/CuFe2O4/rGO composite are  shown in Figure 6. Two prominent peaks at about 1318 and 1589 cm-1  are observed in GO sheets, which correspond to the well-documented D and G bands, respectively.39 A general feature of the reduction of GO is that the ratio of D-band to G-band, increases.40 The D/G intensity ratios are 1.09 for GO and 1.41 for Ag/CuFe2O4/rGO nanocomposite, respectively. This change in D/G intensity ratio explained that the reduction of GO occurred in the Ag/CuFe2O4/rGO nanocomposite. Moreover, there  is a broad peak around 600 cm-1, that is attributed to CuFe2O4 NPs.41 
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Figure 6. Raman spectra of  (a) GO and  (b) Ag/CuFe2O4/rGO.
The magnetic properties of pure CuFe2O4 and Ag/CuFe2O4/rGO nanocomposite were recorded by VSM at room temperature with an applied ﬁeld of -10000 Oe to 10000 Oe. Figure 7 shows the magnetic hysteresis loops of the samples, which indicate the ferromagnetic behavior. But, the saturation magnetization (Ms) of the as-prepared nanocomposite is  smaller (48.2 emu) than bulk magnetite (68 emu) which is due to presence of Ag and rGO in the composite. Nevertheless, the Ag/CuFe2O4/rGO nanocomposite displays magnetic property and thus can be easily collected  by  applying  an  external magnetic as shown in the inset of Figure 7.
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Figure 7. Magnetic hysteresis loop of (a) pure CuFe2O4 and (b) Ag/CuFe2O4/rGO at room temperature. The inset picture shows the dispersed solution of Ag/CuFe2O4/rGO and magnetic separation.

Figure 8 shows the nitrogen adsorption–desorption isotherms and corresponding pore size distributions curves (the inset) for GO and Ag/CuFe2O4/rGO samples. As seen in Figure 8(b), the isotherm of the Ag/CuFe2O4/rGO nanocomposite exhibits a  typical  type-II  curve  with  an  H3-type hysteresis loop at a high pressure (according to the IUPAC classification), which indicates the presence of a mesoporous structure.42,43 The BET surface area (SBET) of the Ag/CuFe2O4/rGO nanocomposite is 90.20 m2/g with  the  total pore volume of 0.261 cm3/g, which are greater than the values of pure graphene oxide (SBET = 79.15 m2/g, total pore volume = 0.123 cm3/g). It can be concluded that  immobilization of  Ag and CuFe2O4 nanoparticles on the suface of graphene increases the surface area and porosity which are favorable factors for improving the catalytic and adsorption performances.
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Figure 8. N2 adsorption-desorption isotherms and pore-size distribution curve (the insets) of (a) GO  and (b) the Ag/CuFe2O4/rGO nanocomposite .

The AFM images of the Ag/CuFe2O4/rGO nanocomposite and corresponding height proﬁle are observed in Figure 9. The results  reveal the appearance of sphere-like nanoparticles which their respective particle size and morphology clearly are  close to those determined by XRD, TEM and SEM analyses. 
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Figure 9. (a) AFM image and (b) height profile of Ag/CuFe2O4/rGO.
3.2. Catalytic reduction of nitroarenes over Ag/CuFe2O4/rGO nanocomposite.
In this work, the catalytic activity of the Ag/CuFe2O4/rGO nanocomposite for the reduction of 2-nitrophenol (2-NP), 4-nitrophenol (4-NP), 2-nitroaniline (2-NA) and 4-nitroaniline (4-NA) by sodium borohydride (NaBH4) was evaluated. In the reduction process, the initial concentrations of NaBH4 and nitroaromatics were 20 mM and 0.2 mM, respectively. Figure 10 shows the typical UV-visible spectra and concentration changes of nitroaromatic compounds in the presence of Ag/CuFe2O4/rGO composite and NaBH4. All compounds have a peak at about 400 nm in alkaline conditions.44-47 This peak starts to decrease when the reduction proceeds in the presence of Ag/CuFe2O4/rGO nanocatalyst. As shown in Figure 10, the characteristic adsorption peaks of 2-NA, 4-NA, 2-NP and 4-NP were disappeared in 25, 30, 10 and 15 min, respectively. Since the  reductive  reactions  were  carried  out  under the same experimental conditions, the different rates  can be  related  to  the  structures of organic compounds. The pseudo ﬁrst-order kinetics can be applied to evaluate the rate constants in the reduction process, because the concentration of NaBH4 is higher compared to that of nitroarenes and it can be considered as a constant during the reaction time. The concentration  of  mentioned compounds  at  time t  is  defined  as Ct  and the initial concentration of  them at t = 0 is regarded as C0. The Ct/C0  is  measured from  the  relative intensity of  absorbance (At/A0) and the linear relationship of  Ln[A]/[A0]  versus  time (t) indicates that the reduction of nitrophenols and nitroanilines over Ag/CuFe2O4/rGO composite follows the pseudo ﬁrst-order  kinetics. 
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Figure 10. UV−visible absorption spectra of reaction solutions containing (a) 2-nitroaniline (b) 4-nitroaniline  (c) 2-nitrophenol  (d) 4-nitrophenol. The insets show plots of Ln[A]/[A0] against time.
As shown in Figure 11, pure CuFe2O4, rGO or Ag nanoparticles have individually low activity in the reduction process of 4-NP, and they could not be regarded as eﬀective catalysts for this reaction. Moreover, addition of NaBH4 in the absence of Ag/CuFe2O4 /rGO has negligible effect on the changes in absorbance band at about 400 nm, confirming that the reduction is mostly catalyzed by the Ag/CuFe2O4/rGO nanocomposite. In the presence of Ag/CuFe2O4/rGO nanocomposite and NaBH4, the nitroarenes are easily reduced. 
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Figure 11. Effect of different catalysts on the reduction of 4-NP.
    The study of the reaction mechanism helps to design a catalyst with better output. Figure 12 shows the catalytic mechanism for 4-NP reduction by the Ag/CuFe2O4/rGO nanocomposite in the presence of NaBH4. During the hydrogenation reduction process, BH4- and 4-NP are  ﬁrst  adsorbed on the surface of  the catalyst, and then the Ag nanoparticles transfer electrons from BH4- to 4-NP, leading to the production of 4-aminophenol (4-AP). After the reaction is completed, the Ag/CuFe2O4/rGO nanocatalyst can be separated easily from the solution by a magnet and applied for next reaction.
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Figure 12. The proposed mechanism of 4-nitrophenol reduction by Ag/CuFe2O4/rGO.

    The obtained results in the reduction of 4-NP with NaBH4 catalyzed by Ag/CuFe2O4/rGO nanocatalyst prepared in this work were compared with some reported catalysts in the literature (Table 1).48-63 It is clear that with respect to the reaction conditions and/or reaction times, the present method is more suitable and/or superior (Table 1, entries 1-9). It is clear that reaction in the presence of most reported catalysts required longer reaction times. However, compared with some these reports, the Ag/CuFe2O4/rGO catalyst also presented close or lower catalytic activity for the reduction of 4-NP (Table 1, entries 10-16). Nevertheless, the Ag/CuFe2O4/rGO can be easily prepared and reused without the use of harsh, toxic and expensive chemicals which is very important in practical applications.

Table 1. Comparison of the result obtained for the reduction of 4-NP in the present work with those obtained by some reported catalysts.

	Entry
	Catalyst
	Conditions
	Time
	Ref.

	  1
	Ni-PVA/SBA-15
	H2O, NaBH4, r.t.
	85 min
	[48]

	  2
	Hierarchical Au/CuO NPs
	H2O, NaBH4, r.t
	80 min
	[49]

	  3
	Cu NPs
	THF/H2O, NaBH4, 50 ◦C
	2 h
	[50]

	  4
	PdCu/graphene
	EtOH/H2O, NaBH4, 50 ◦C
	1.5 h
	[51]

	  5
	Au-GO
	H2O, NaBH4, r.t.
	30 min
	[52]

	  6
	CoFe2O4 NPs
	H2O, NaBH4, r.t.
	50 min
	[53]

	  7
	FeNi2 nano-alloy
	H2O, NaBH4, r.t
	60 min
	[54]

	  8
	NiCo2 nano-alloy
	H2O, NaBH4, r.t.
	30 min
	[55]

	  9
	CdS/GO
	H2O, NaBH4, r.t.
	30 min
	[56]

	10
	dumbbell-like CuO NPs
	H2O, NaBH4, r.t.
	12 min
	[57]

	11
	Ni NPs
	H2O, NaBH4, r.t.
	16 min
	[58]

	12
	CuFe2O4 NPs
	H2O, NaBH4, r.t.
	14 min
	[59]

	13
	Au NPs
	H2O, NaBH4, r.t.
	4 min
	[60]

	14
	Pd/RGO/Fe3O4 NPs
	H2O, NaBH4, r.t.
	1 min
	[61]

	15
	Cu/Fe3O4 NPs
	H2O, NaBH4, r.t.
	55 sec
	[62]

	16
	Cu NPs/Perlite
	H2O, NaBH4, r.t.
	2.5 min
	[63]

	17
	Ag/CuFe2O4/GO
	H2O, NaBH4, r.t.
	15 min
	This work


3.3. Adsorption Property of the Ag/CuFe2O4/rGO Nanocomposite
There are some methods on the effective elimination of hazardous substances from aqueous solutions, such as photocatalytic and sonocatalytic degradation, oxidation and adsorption that among them, adsorption is a good choice due  to  its  higher  efficiency and simpler  operation.64 In this context, considering the structure of the packed sp2-bonded carbon atoms of rGO and magnetic property of CuFe2O4, it is expected that the Ag/CuFe2O4/rGO can be used as a novel and effective adsorbent for the removal of organic aromatic pollutants from wastewaters. The  adsorption  capacity  was  evaluated  using  two  dyes:  positively  charged  methylene  blue  (MB)  and  negatively  charged  methyl orange (MO). As indicated in Figure 13(a), the characteristic UV-vis absorption band of MB at 664 nm, decreased and disappeared within only 2 min.  The extraordinary removal of MB could be largely ascribed to the (-( stacking between dyes and rGO nanosheets. The electrostatic interactions between the positively charged dye and negatively charged residual oxygen-containing functional groups of rGO, were also effective in the adsorption process. The Ag/CuFe2O4 nanaoparticles could be acted as spacers to minimize the agglomeration of the RGO sheets. The adsorption ability of Ag/CuFe2O4/rGO composite towards MO dye was also investigated (Figure 13(b)). From the figure, the absorbance of MO at 463 nm decreased slightly after 60 min and the removal efficiency of MO was about 61%.Moreover, to confirm the ability of the Ag/CuFe2O4/rGO nanocomposite to separate MB and MO dye molecules, a mixed dye solution was selected to determine the selective adsorption capacity of the solid composite. From the UV absorption spectra in Figure 13(c), the adsorption peaks of MB all disappeared quickly; just leaving the absorption peaks of MO, indicating that Ag/CuFe2O4/rGO composite could selectively adsorb the cationic MB dye when exposed to the mixed solutions of MB&MO. The finding indicates that the Ag/CuFe2O4/rGO nanocomposite also possesses selective adsorption ability towards the cationic dyes in wastewater.
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 Figure 13. The adsorption capacity of Ag/CuFe2O4/rGO toward different organic dyes: (a) MB, (b) MO and (c) mixed dyes (MB + MO). Experimental conditions: dosage of adsorbent = 50 mg, [dye] = 25 mg/L, temperature = 25 (C, pH=7.

3.3.1. Effect of the Initial Concentration of MB 

As shown in Figure 14, the effect of the initial concentration of MB solution on adsorption efficiency was studied. Accordingly to the obtained results, the adsorption percentage of the nanocomposite towards MB can reach up to about 100% at lower initial concentrations (15 and 25 and 75 mg/ L).However, for MB with concentration of 100 mg/L, adsorption percentage decreased to 70% within 30 minutes and the Ag/CuFe2O4/rGO nanocomposite could not adsorb more dye molecules due to saturation of adsorption capacity.
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Figure 14. The adsorption capacity of Ag/CuFe2O4/rGO composite toward MB solution with different concentrations. Experimental conditions: dosage of adsorbent = 50 mg, temperature = 25 (C, pH=7. 

3.3.2. Effect of Type of Adsorbent  
Figure 15 represents the adsorption capacities of Ag/CuFe2O4, rGO and Ag/CuFe2O4/rGO samples toward MB dye. As seen, the removal efficiency of MB by rGO and Ag/CuFe2O4 nanoparticles are 78% and 25% respectively. The high adsorption performance of graphene sheets mainly is due to the large surface area and graphitized basal plane structure of it, which could provide excellent conditions for adsorption of dyes. However, in the presence of Ag/CuFe2O4/rGO nanocomposite, the removal efficiency of MB is increased to 100% indicating the as-prepared nanocomposite is more suitable and superior. The Ag and CuFe2O4 nanoparticles  on the surface of graphene prohibit the restacking of its layers and thus increase the surface area and adsorption capacity of the composite. This result is consistent with BET analyses.
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Figure 15. Comparison of the concentration changes of MB (C/C0) as a function of time for GO, Ag/CuFe2O4 and Ag/CuFe2O4/rGO nanocomposite. Experimental conditions: adsorbent dosage = 50 mg, [dye] = 25 mg/L, temperature = 25 (C, pH=7.

3.3.3. Effect of Adsorbent Dosage

The influence of the adsorbent dosage on MB adsorption in Figure 16 indicates that with the increase of the adsorbent dosage from 25 to 35 mg, the removal eﬃciency of MB is enhanced to 78%, and when the dosage is 50 mg, reaches 100% within 2 min. The finding indicates that 50 mg is the suitable dosage for the adsorption of 25mg/L MB solution.
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Figure 16. Effect of Ag/CuFe2O4/rGO dosage on the adsorption of MB. Experimental conditions: [dye] = 25 mg/L, temperature = 25 (C and pH=7.

3.3.4. Effect of pH

As shown in Figure 17, the initial solution pH plays an important role in the adsorption of MB on the surface of Ag/CuFe2O4/rGO nanocomposite. The adsorption of MB increases gradually as pH value increases from 2 to 7 and ﬁnally maintains the high level with increasing pH.  In acidic pHs, the surface of Ag/CuFe2O4/rGO nanocomposite is positively charged due to protonation reaction. Thus, the electrostatic repulsion between positively charged MB dye and Ag/CuFe2O4/rGO nanocomposite leads to the low adsorption of MB in this pH range. However, at pH ( 7, the surface of the adsorbent is negatively charged and more available to retain the cationic MB dye, resulting in the increase of MB adsorption. In the pH range of 7-11, the removal of MB reaches maximum and remains approximately constant.
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Figure 17. The adsorption capacity of the Ag/CuFe2O4/rGO  nanocomposite  toward MB solutions with different pH values. Experimental conditions: dosage of adsorbent = 50 mg, [dye] = 25 mg/L,temperature = 25 (C
3.3.5. Recyclability of the Ag/CuFe2O4/rGO Nanocomposite
To evaluate the stability and reusability of the Ag/CuFe2O4/rGO nanocomposite which are important factors for practical applications, recycling experiments were performed. The composite was separated from the reaction mixture by an external magnet after the first use in the adsorption of MB and washed thoroughly with ethanol. The recovered composite was found to be reusable for at least five runs without significant loss in activity. As shown in Figure 18, slight decrease of performance could be observed after five runs. 
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Figure 18. Recycling tests of Ag/CuFe2O4/rGO toward MB adsorption.

The amounts of Ag and Cu metals in aqueous solution after each run were analyzed by ICP-AES. It was shown that the leaching of these metals from the catalyst is negligible, confirming the stability of the composite. Furthermore, the structural stability was investigated by XRD, FT-IR, EDX and SEM analyses after five runs. As shown in Figure 19, these results did not show significant change after the fifth run in comparison with those of the fresh sample.
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Figure 19. (a) XRD pattern, (b) FT-IR, (c) EDX and (d) SEM of the recovered Ag/CuFe2O4/rGO nanocomposite  after 5 cycles.

4. Conclusions
In summary, the Ag/CuFe2O4/rGO nanocomposite was prepared through a facile one-top solvothermal route. The Ag/CuFe2O4 nanoparticles were loaded on the surface of GO and the nanocomposite displayed magnetic property. The catalytic performance of this composite was excellent for reduction of nitroarenes in the presence of NaBH4. The adsorption capacity of MB and MO dyes was also investigated and indicated that the removal efficiency of MB was 100% within only 2 min. Interestingly, due to the fast adsorption of MB molecules, the Ag/CuFe2O4/rGO nanocomposite could be used as effective and selective adsorbent for  the removal of MB molecules from the mixed MB+MO dye solution. The Ag/CuFe2O4/rGO was separated from solution for reusing by simply applying an external magnetic field. This work provides a way to design an effective ternary nanomaterial for serving as an ideal platform to study the various heterogeneous catalytic processes and wastewater purification. 
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