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      We report highly efficient magnetically recoverable photocatalysts through combination of Fe3O4/ZnO with AgI and Ag2CO3, as 
narrow band gap semiconductors. The resultant photocatalysts were characterized by XRD, EDX, SEM. TEM, UV-Vis DRS, FT-IR, PL 
and VSM instruments. Under visible-light illumination, the nanocomposite with 1:6 weight ratio of Fe3O4 to ZnO/AgI/Ag2CO3 exhibited 
superior activity for degradation of RhB, which is  nearly 20 and 11-folds higher than those of the Fe3O4/ZnO/Ag2CO3 and Fe3O4/ZnO/AgI 
photocatalysts, respectively. Furthermore, activity of this nanocomposite is 99 times higher than that of the Fe3O4/ZnO nanocomposite. The 
excellent activity of the nanocomposite was attributed to extended absorption in visible region and promoted separation of the charge 
carriers. Significantly, photocatalytic behavior of the nanocomposite was evaluated using photodegradations of three more organic 
pollutants and the highly improved activity in comparison to the counterparts was confirmed. Finally, the nanocomposite displayed enough 
magnetic properties to separate it using an external magnetic field.  
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INTRODUCTION 
 
     Photocatalytic processes using semiconductors are 
promising technology to overcome various issues facing the 
human being in the field of environmental contamination, 
shortage of energy resources, and global warming of the 
earth [1-4]. During nearly four decades, various 
photocatalysts have been developed and their photocatalytic 
performances were studied mainly under UV and visible 
lights. As an abundant and green resource, it is 
straightforward to utilize the solar energy, as the light 
source, in photocatalytic processes [1-6]. Among the 
conventionally utilized photocatalysts, ZnO is the second 
popular photocatalyst [7,8]. This n-type semiconductor has 
a wide band gap of 3.20 eV [8]. Availability of precursors, 
environmentally benign, and high stability are some 
appealing properties of ZnO. Nonetheless, no  absorption of  
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visible light, fast recombination of the photoinduced 
electron/hole (e-/h+) pairs, and recovery of the utilized 
powders of the photocatalyst from the treated system 
seriously limit its widespread application in large scale [7-
9]. Recovery of the utilized photocatalysts is still a time 
consuming and expensive step of the photocatalytic 
processes. Fortunately, magnetically recoverable 
photocatalysts offer a convenient pathway for facile 
separation of photocatalysts by applying magnetic fields 
[10]. These next generation of photocatalysts are 
synthesized by integration of a good magnetic material with 
photoactive semiconductors [10,11]. Elemental doping, 
integration with narrow band gap semiconductors, and 
combination with magnetic photocatalysts are the proposed 
strategies to handle these difficulties [12-19].  
     Among narrow band gap semiconductors, silver-
containing semiconductors including Ag2CO3, Ag3VO4, 
Ag3PO4, AgBr, AgI and Ag2CrO4 have been combined with 
ZnO to enhance their visible-light absorption ability,  which 
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is  beneficial for improving the photocatalytic performance 
[20-25]. Very recently, it was displayed that by integration 
of two small band gap semiconductors with ZnO, one can 
fabricate more efficient visible-light-driven (VLD) 
photocatalysts [24,25]. Hence, in this work, we report 
combination of magnetically recoverable Fe3O4/ZnO 
(abbreviated as Mag/ZnO) nanocomposite with AgI and 
Ag2CO3 to fabricate novel magnetically recoverable 
efficient VLD photocatalyst. The nanocomposites were 
prepared by a simple ultrasonic-irradiation route using 
Fe3O4, zinc nitrate, silver nitrate, sodium hydroxide, sodium 
carbonate, and sodium iodide as precursors. The fabricated 
photocatalysts were extensively characterized by X-ray 
diffraction (XRD), scanning electron microscopy (SEM), 
transmission electron microscopy (TEM), energy dispersive 
analysis of X-rays (EDX), UV-Vis diffuse reflectance 
spectroscopy (DRS), Fourier transform-infrared (FT-IR) 
spectroscopy, and vibrating sample magnetometer (VSM). 
The as-obtained photocatalysts were used for degradations 
of rhodamine B (RhB), methylene blue (MB), methyl 
orange (MO) and fuchsine under visible-light illumination. 
Substantial improvement in the photocatalytic degradations 
of these pollutants over the Fe3O4/ZnO/AgI/Ag2CO3 
(abbreviated as Mag/ZnO/AgI/AgCO) photocatalysts 
relative to the Mag/ZnO, Fe3O4/ZnO/AgI (abbreviated as 
Mag/ZnO/AgI), and Mag/ZnO/AgCO (abbreviated as 
Mag/ZnO/AgCO) was observed obviously. These 
enhancements were attributed to photosensitization of the 
nanocomposites to visible light and separation of the 
photoinduced charges due to the presence of AgI and 
Ag2CO3 semiconductors in the photocatalyst structure. 
 
 EXPERIMENTAL                                                                                                                        
 
Instruments 
      The XRD patterns of the synthesized photocatalysts 
were provided by a Philips Xpert X-ray diffractometer with 
Cu Kα radiation (λ = 0.15406 nm). Morphology of the 
photocatalysts was observed by LEO 1430VP SEM using 
an accelerating voltage of 15 kV and by a Zeiss-EM10C 
TEM instrument with an acceleration voltage of 80 kV. The 
purity and elemental analysis of the samples were explored 
by EDX system on the same SEM instrument. The UV-Vis 
DRS  spectra  were  recorded  by  a  Scinco 4100  apparatus.  

 
 
The FT-IR spectra were obtained by a Perkin Elmer 
Spectrum RX I apparatus. The PL spectra of the samples 
were studied using a Perkin Elmer (LS 55) fluorescence 
spectrophotometer. The UV-Vis spectra for the degradation 
reaction were plotted using a Cecile 9000 
spectrophotometer. A Bandelin ultrasound processor of 
model HD 3100 (12 mm diameter Ti horn, 75 W, 20 kHz) 
was used for preparation of the photocatalysts.                                                                                                                                           
 
Synthesis of the Photocatalysts 
     The Fe3O4 nanoparticles were fabricated by chemical co-
precipitation method as reported by Massart [26]. For this 
purpose, in one beaker, 0.476 g FeCl3.6H2O was dissolved 
in 20 ml of degassed water (solution A). In another beaker, 
0.166 g FeCl2.4H2O was dissolved in a solution containing 
5 ml of degassed water and 0.8 ml of 2 mol dm-3 HCl 
(solution B). Then, solutions of A and B were added to each 
other under mechanical stirring and nitrogen degassing. 
Stirring of the suspension was continued for 30 min. 
Thereafter, aqueous ammonia (13.1 ml of 30% NH3 at 250 
ml of degassed water) was quickly added to the orange 
suspension under mechanical stirring. The resulting dark 
brown suspension was stirred for another 60 min and finally 
centrifuged to remove the precipitate and washed two times 
with water and ethanol and magnetically separated. The 
resultant precipitate was dried in an oven at 60 °C for 24 h. 
     The Mag/ZnO/AgI nanocomposite was prepared using 
ultrasonic irradiation by the procedure similar to our 
previous work [27]. For fabrication of the 
Mag/ZnO/AgI/AgCO (1:6) nanocomposite, where 1:6 is the 
weight ratio of Fe3O4 to ZnO/AgI/Ag2CO3, 0.454 g of the 
Mag/ZnO/AgI nanocomposite was dispersed in 150 ml of 
water by ultrasonic irradiation for 10 min by immersing the 
probe of the ultrasonic horn into the suspension in a 
cylindrical reactor provided with water circulation 
arrangement to maintain its temperature at 25 °C. Then, 
silver nitrate (0.061 g) was dissolved in the suspension and 
mechanically stirred for 60 min. After that, an aqueous 
solution of sodium carbonate (0.054 g in 20 ml of water) 
was slowly added to the formed suspension, and it was 
irradiated for 60 min. The suspension was centrifuged and 
the precipitate was washed twice with water and ethanol and 
dried in an oven at 60 °C for 24 h. For comparison 
purposes,     the       Mag/ZnO/AgCO      and  Mag/ZnO/AgI 
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nanocomposites were prepared with the same procedure.  

 
Photocatalysis Experiments 
      The photocatalytic investigations were performed in a 
cylindrical reactor and its temperature was maintained at   
25 °C using a water circulation system. The visible light 
was provided by a 50 W LED lamp positioned on the top of 
the photoreactor with distance of 20 cm from the solution. 
This source of light produces continues emission in visible 
region without any irradiations in UV and IR regions [28]. 
Before the light irradiation, a suspension containing 0.1 g of 
the photocatalyst and 250 ml aqueous solution of RhB (1 × 
10-5 M), MB (1.3 × 10-5 M), MO (2.6 × 10-5), or fuchsine 
(9.2 × 10-6) was continuously stirred in dark for 60 min to 
attain equilibrium. Concentrations of the pollutants were 
analyzed by sampling from the reactor at regular intervals 

and the photocatalyst was removed before analysis by  the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

spectrophotometer at 553, 664, 477 and 540 nm 
corresponding to the maximum absorption wavelengths of  
RhB, MB, MO and fuchsine, respectively.                                                                                                                        
 
RESULTS AND DISCUSSION 
 
      To observe crystallographic structure of the 
photocatalysts, their XRD patterns were provided. The XRD 
patterns of Fe3O4, Mag/ZnO, Mag/ZnO/AgCO, 
Mag/ZnO/AgI and Mag/ZnO/AgI/AgCO samples with 
different weight ratios of ZnO/AgI/AgCO to Fe3O4 are 
illustrated in Fig. 1. The diffraction peaks of Fe3O4 
nanoparticles were perfectly indexed to the face-centered 
cubic crystalline phase (JCPDS file number of 75-1610) 
[28]. For the Mag/ZnO powder, diffraction peaks of ZnO 
with high intensity, which are the peaks of typical wurtzite 
hexagonal,    and    weak    peaks   of    face-centered   cubic  

 

Fig. 1. XRD patterns for the Fe3O4, Mag/ZnO, Mag/ZnO/AgCO, Mag/ZnO/AgI and Mag/ZnO/AgI/AgCO  
                nanocomposites with different weight percentages of silver carbonate. 
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Fig. 2. (a) EDX spectra for the Mag/ZnO, Mag/ZnO/AgI, Mag/ZnO/AgCO and Mag/ZnO/AgI/AgCO (1:6) samples.  
             (b)-(h) EDX mapping for the Mag/ZnO/AgI/AgCO (1:6) nanocomposite. 
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crystalline phase of Fe3O4, are observed [29]. For the 
Mag/ZnO/AgI and Mag/ZnO/AgCO nanocomposites, in 
addition to the diffraction peaks of Fe3O4 and ZnO, the 
peaks for AgI (JCPDS 09-0374) [23] and Ag2CO3 (JCPDS 
09-0374 and 78-0641) [30] are clearly observed, 
respectively. In the case of the Mag/ZnO/AgI/AgCO 

nanocomposites, the diffraction peaks for Fe3O4, ZnO, AgI, 
and Ag2CO3 are observed confirming preparation of the 
quaternary nanocomposites.   
     Composition of the synthesized photocatalysts was 
explored by the EDX analysis and the results are displayed 
in Fig. 2. As indicated in Fig. 2a, the Mag/ZnO 
nanocomposite shows the presence of Fe, Zn, and O 
elements, whereas the Mag/ZnO/AgI nanocomposite 
contains peaks for Fe, Zn, Ag, O and I elements. In 
addition, the Mag/ZnO/AgI/AgCO (1:6) nanocomposite is 
composed of Fe, Zn, Ag, O and C elements. Distribution of 
the elements in the Mag/ZnO/AgI/AgCO (1:6) 
nanocomposite was explored by elemental mapping 
technique and the results are displayed in Fig. 2b-h. The 
maps for Fe, Zn, Ag, O, I and C elements are well-defined 
with sharp contrast confirming the fabrication of the 
quaternary photocatalyst. 
     Figures 3a, b depicts the SEM  and  TEM  images  of  the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mag/ZnO/AgI/AgCO (1:6) nanocomposite. As observed, 
the nanocomposite consists of mainly oval-like particles 
corresponding to ZnO and smaller nearly spherical particles 
of Fe3O4, AgI, and Ag2CO3 combined with the ZnO 
particles.  
     It is believed that light absorption properties of 
photocatalysts are of the key parameters affecting the 
photocatalytic performances. Thus, UV-Vis DRS spectra of 
the synthesized Mag/ZnO, Mag/ZnO/AgI/AgCO, 
Mag/ZnO/AgI and Mag/ZnO/AgI/AgCO nanocomposites 
with various compositions were provided, as presented in 
Fig. 4a. All of the photocatalysts showed strong absorption 
in the whole range of visible light. Especially, the 
Mag/ZnO/AgI/AgCO (1:6) nanocomposites displayed more 
pronounced absorption in this region and the absorption 
intensity slightly increased with loading more AgI/Ag2CO3 
in the nanocomposites. Additionally, band gap energy (Eg) 
of the photocatalysts was calculated using Tauc’s equation 
as (αhν)2 = B(hν - Eg), where α, h, ν and B are absorption 
coefficient, Planck constant, light frequency, and a constant, 
respectively [31]. As observed in Fig. 4b, the estimated 
band gap energies of the photocatalysts are between 2.65 
and 3.10 eV. Thus, the Mag/ZnO/AgI/AgCO 
nanocomposites have narrower band gaps and  substantially  

Fig. 3. (a) SEM and (b) TEM images for the Mag/ZnO/AgI/AgCO (1:6) nanocomposite. 
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Fig. 4. (a) UV-Vis  DRS  for   the  Fe3O4,  Mag/ZnO, Mag/ZnO/AgCO, Mag/ZnO/AgI  and  Mag/ZnO/AgI/AgCO  
             nanocomposites with  different compositions. (b) Plots of (αhν)2 versus hv for the photocatalysts. (c) FT-IR 
             spectra for the Fe3O4, Mag/ZnO, Mag/ZnO/AgCO, Mag/ZnO/AgI and Mag/ZnO/AgI/AgCO (1:6) samples. 
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higher optical absorptions in visible region than the 
Mag/ZnO nanocomposite, which produce more charge 
carriers under visible light. Therefore, it is inferred that the 
Mag/ZnO/AgI/AgCO nanocomposites could have good 
VLD photocatalytic activity.  
     Chemical bonding and functional groups of the 
photocatalysts were studied using FT-IR spectroscopy and 
the spectra for Mag/ZnO, Mag/ZnO/AgCO, Mag/ZnO/AgI 
and Mag/ZnO/AgI/AgCO samples are illustrated in Fig. 4c. 
For these photocatalysts, the bands located at 573 cm-1 
correspond to the Zn-O stretching vibration. The broad 
peaks at 3418-3450 cm-1 and the strong peaks at 1637 cm-1 
are attributed to the stretching and bending vibrations of   
O-H group, belonging to the adsorbed water molecules [29]. 
For the Mag/ZnO/Ag2CO3 nanocomposite, the peaks 
appeared at 1386 and 887 cm-1 are attributed to the 
characteristic absorption peaks in the CO3

2- group of 
Ag2CO3 [30] 
     The visible-light photocatalytic performances of 
different  photocatalysts  for  RhB degradation are displayed  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
in Fig. 5a. As seen, the dye solution under the light 
irradiation, without using any photocatalyst, has high 
stability, implying that it has considerable stability in this 
condition. Additionally, over the Mag/ZnO nanocomposite, 
photocatalytic degradation reaction of RhB is poor. Due to 
the presence of narrow band gap semiconductors, the 
Mag/ZnO/AgI and Mag/ZnO/AgCO nanocomposites show 
higher activity in comparison to the Mag/ZnO 
photocatalyst. Interestingly, the Mag/ZnO/AgI/AgCO 

nanocomposites exhibit substantial activity and the 
nanocomposite with 1:6 ratio of Fe3O4 to ZnO/AgI/AgCO 
shows extremely higher photocatalytic performance.  
     Figures 5b-d show the absorption spectra for degradation 
aqueous solutions of RhB over the Mag/ZnO, 
Mag/ZnO/AgCO, Mag/ZnO/AgI and Mag/ZnO/AgI/AgCO 
samples. Obviously, it is observed that the intensities of the 
absorption peaks continually decrease with prolonging the 
irradiation time without any changes in position of the 
peaks. This demonstrates aromatic skeleton breakage of 
RhB under the light  irradiation.  After  the  light  irradiation 

 
Fig. 4. Continued. 
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Fig. 5. (a) Photodegradation of RhB over the Mag/ZnO, Mag/ZnO/AgCO, Mag/ZnO/AgI and Mag/ZnO/AgI/AgCO (1:6)  
           nanocomposites.  UV-Vis spectra  for degradation of RhB under  visible-light irradiation  over  the  (b) Mag/ZnO 

             /AgCO, (c) Mag/ZnO/AgI and (d) Mag/ZnO/AgI/AgCO (1:6) nanocomposite. 
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Fig. 6. (a) The degradation rate constants of RhB over the Mag/ZnO, Mag/ZnO/AgCO, Mag/ZnO/AgI and  
           Mag/ZnO/AgI/AgCO nanocomposites. (b) PL spectra for the Mag/ZnO/AgCO, Mag/ZnO/AgI and  

                      Mag/ZnO/AgI/AgCO (1:6) nanocomposites. 
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for 70 min, about 36%, 59% and 96% of RhB molecules 
were degraded over the Mag/ZnO/AgCO, Mag/ZnO/AgI, 
and Mag/ZnO/AgI/AgCO samples, respectively.  
      The degradation rate constants of RhB on the 
synthesized photocatalysts are displayed in Fig. 6a. It is 
clear that the degradation rate constant increases with 
weight ratio of Fe3O4 to ZnO/AgI/AgCO up to 1:6 and the 
activity of Mag/ZnO/AgI/AgCO (1:8) nanocomposite is 
lower than that of the Mag/ZnO/AgI/AgCO (1:6) 
photocatalyst. Photocatalytic performance of the 
Mag/ZnO/AgI/AgCO (1:6) nanocomposite is almost 99 
times faster than that of the Mag/ZnO, 11 times faster than 
that of the Mag/ZnO/AgI, and 20 times faster than that of 
the Mag/ZnO/AgCO photocatalysts. The PL analysis was 
used to estimate the photoinduced charge carrier separation 
of the photocatalysts. It is well believed that the higher PL 
intensity indicates the faster recombination rate of the 
charge  carriers,  resulting  in  lower  photocatalytic  activity 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[9]. The PL spectra for the Mag/ZnO/AgI, Mag/ 
ZnO/Ag2CO3, and Mag/ZnO/AgI/AgCO (1:6) samples were 
provided and the results are displayed in Fig. 6b. As can be 
seen, the Mag/ZnO/AgI/AgCO (1:6) nanocomposite exhibits 
the emission peak located at almost the same position of the 
Mag/ZnO/AgI and Mag/ZnO/Ag2CO3 photocatalysts, but 
with substantially decreased emission intensity, suggesting 
that the Mag/ZnO/AgI/AgCO (1:6) nanocomposite has 
much lower recombination rate for the photoinduced charge 
carriers. Thus, recombination of the charge carriers was 
greatly suppressed in the Mag/ZnO/AgI/AgCO (1:6) 
nanocomposite, resulting in highly improved activity 
      Figure 7 shows magnetization curve for the Fe3O4 and 
Mag/ZnO/AgI/AgCO (1:6) samples, which exhibits super 
paramagnetic behavior with a very low coercivity and a 
saturation magnetizations of 55.5 and 8.35 emu g-1, 
respectively. As the inset of Fig. 6c displays, the 
nanocomposite  is simply recovered from the treated system  

 

Fig. 7. Magnetization curves for the Fe3O4 nanoparticles and Mag/ZnO/AgI/AgCO (1:6) nanocomposite. 
                      Inset of the figure shows the photograph for separation process by using a magnet. 
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using a magnet, implying that saturation magnetizations is 
enough for magnetically recovering of the photocatalyst.   
     Through the above discussions, the possible 
photocatalytic mechanism for the enhanced VLD 
photoactivity of the Mag/ZnO/AgI/AgCO nanocomposites 
was proposed (Fig. 8). The conduction band (CB) potentials 
of ZnO, AgI, and Ag2CO3 are -0.34, -0.42 and +0.37 eV, 
respectively, whereas the valence band (VB) potentials are 
+2.86, +2.38 and +2.67 eV [30]. After junction of the 
counterparts, electrons freely move from ZnO and AgI to 
Ag2CO3, because Fermi energy level of Ag2CO3 is lower 
than those of ZnO and AgI. Therefore, due to n-type 
characteristics of ZnO, AgI and Ag2CO3 semiconductors, 
tandem n-n heterojunctions are formed between these 
semiconductors [32]. These heterojunctions induce internal 
charges in the junction places directed from AgI and ZnO to 
Ag2CO3. Illumination of visible light produces e-/h+  pairs in 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AgI and Ag2CO3 semiconductors, because of their small 
band gaps. As confirmed by PL analysis, the 
photogenerated electrons strongly migrate from Ag2CO3 to 
AgI and ZnO, which is useful for separation of the charge 
carriers. Meanwhile, the photogenerated holes in the VB of 
AgI move to the VB of Ag2CO3. For this reason, highly 
improved photocatalytic performance was observed for the 
Mag/ZnO/AgI/AgCO nanocomposites. Additionally, RhB 
absorbs some of photons from visible light and 
subsequently electrons are excited from its HOMO to 
LUMO orbitals. After that, electrons transfer from RhB to 
the CB of ZnO, Ag2CO3, and AgI. The transferred electrons 
generate different reactive species in the next steps [33]. 
      It is generally accepted that in photocatalytic reactions a 
series of photoinduced reactive species such as hydroxyl 
radicals (•OH), holes (h+) and superoxide anion radicals   
(•O-

2)  are responsible  for  the  degradation reactions [9,11].  

 

Fig. 8. A plausible diagram for separation of electron-hole pairs in the Mag/ZnO/AgI/AgCO nanocomposites. 
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To determine the role of these species, the degradation 
reaction over the Mag/ZnO/AgI/AgCO (1:6) nanocomposite 
was performed in the presence of benzoquinone, ammonium 
oxalate and 2-propanol as the scavengers for •O2

-, h+, and 
•OH species and the results are shown in Fig. 9. It was 
found that the degradation rate constant in the absence of 
scavengers (587 × 10-4 min-1) has been decreased to 452 × 
10-4, 421 × 10-4 and 54.3 × 10-4 min–1 in the presence of 2-
propanol, ammonium oxalate and benzoquinone, 
respectively. Obviously, the introduction of benzoquinone 
caused a remarkable decrease in the photocatalytic activity, 
whereas in the presence of ammonium oxalate and 2-
propanol, the degradation reactions were not substantially 
inhibited. Thus, direct superoxide anion radical oxidation 
has a major role in the degradation reaction relative to the 
holes and hydroxyl radicals.  
      In  order  to  display the degradation performance of  the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
· 
Mag/ZnO/AgI/AgCO (1:6) nanocomposite in 
photodegradations of other pollutants, MB, MO and 
fuchsine dyes were selected and the rate constants are 
shown in Fig. 10. It is evident that activity of the 
Mag/ZnO/AgI/AgCO (1:6) nanocomposite in degradations 
of these pollutants are substantially larger than those of the 
Mag/ZnO, Mag/ZnO/AgI and Mag/ZnO/AgCO 
nanocomposites. As observed, by coupling certain amounts 
of Ag2CO3 and AgI to Mag/ZnO, the photocatalytic activity 
considerably enhances. The photocatalytic performance of 
Mag/ZnO/AgI/AgCO (1:6) nanocomposite for degradation 
of MB is about 48.9, 10.5 and 9.4-folds larger than those of 
the Mag/ZnO, Mag/ZnO/AgCO, and Mag/ZnO/AgI 
samples, respectively, whereas the activity in degradations 
of MO is about 19.5, 9.8 and 4.9 folds greater. In addition, 
photocatalytic activity of the quaternary nanocomposite in 
degradation of fuchsine is about 106, 13.2  

 

Fig. 9. The degradation rate constants of RhB over the Mag/ZnO/AgI/AgCO (1:6) nanocomposite in presence of  
              various scavengers. 
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Fig. 10. The degradation rate constants of (a) RhB, (MB), (MO), and (d) fuschine over the ZnO/Mag, Mag/ZnO/  
                AgCO, Mag/ZnO/AgI and Mag/ZnO/AgI/AgCO (1:6) samples under visible-light irradiation. 
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and 5.4-folds greater than those of the Mag/ZnO, 
Mag/ZnO/AgCO and Mag/ZnO/AgI samples, respectively. 
Thus, it was concluded that the photocatalyst has highly 
improved activity in removal of various contaminants.  
      Finally, reusability of the Mag/ZnO/AgI/AgCO (1:6) 
nanocomposite was tested in degradation of RhB under 
visible light for five runs and the results are displayed in 
Fig. 10. The photocatalyst was recovered after each cycle by 
centrifugation and dried at 80 °C for 24 h and then reused. 
As shown, after five cycles, the photocatalytic efficiency 
decreased only slightly compared to the first runs, implying 
that the photocatalyst has good potential to apply for the 
environmental remediation purposes.  
 
CONCLUSIONS 
 
      In summary, we synthesized the Mag/ZnO/AgI/AgCO 

nanocomposites by facile consecutive combining AgI and 
Ag2CO3   with    the   Mag/ZnO   nanocomposite.    The   as- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
synthesized Mag/ZnO/AgI/AgCO nanocomposites showed 
substantial VLD photocatalytic performance in degradations 
of RhB, MB, MO, and fuchsine in comparison with their 
counterparts. The Mag/ZnO/AgI/AgCO (1:6) 
nanocomposite displayed superior activity, which are 99, 11 
and 20-folds higher than the Mag/ZnO, Mag/ZnO/AgI and 
Mag/ZnO/AgCO nanocomposites in degradation of RhB, 
respectively, whereas nearly 49, 10 and 9-folds in 
degradation of MB. This greatly improved photocatalytic 
performance was attributed to the efficient separation of the 
photoinduced charge carriers and substantial absorption of 
visible light, due to formation of heterojunction between 
ZnO and two small band gap semiconductors, which was 
confirmed by PL analysis. The trapping experiments 
exhibited that superoxide anion radicals have a key role in 
the degradation reaction. Investigation about magnetic 
properties displayed that the quaternary photocatalyst has 
enough saturation magnetization to be separated by 
applying magnetic  field.  Finally,  recycling  testes  showed  

 

Fig. 11. Reusability of the Mag/ZnO/AgI/AgCO (1:6) nanocomposite. 
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that the photocatalyst has a considerable stability during 
five runs.  
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