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A b s t r a c t 

   Fe3O4-TiO2 nanocomposite photocatalyst with  different weight percentage (5, 10, and 15 

wt %) of Fe3O4 loaded On TiO2 were successfully synthesized by co-precipitation method for 

removal of methylene blue dye under direct sunlight. The characterization of the as prepared 

product was done with scanning electronic microscopy (FE-SEM), X-ray diffraction (XRD), and 

Diffuse reflectance spectra (DRS). The photocatalytic degradation of methylene blue was used as 

modal reaction to evaluate the photocatalytic activity of Fe3O4@TiO2 nanoparticles under visible 

light irradiation . The influence of doping amount of Fe3O4 (5, 10, 15 wt% ) on photocatalytic 

activity of TiO2 was investigated. Broadened absorption spectra  has describe that the size of 

Fe3O4@TiO2 particle decreased with increased  absorption intensity. The doping amount 

remarkably affects the activity of the catalyst, and the optimum efficiency occurs at about the 

doping amount of 10 wt%.  The catalytic activity of TiO2 increased for  methylene blue (MB).  

Background of Environmental pollution  
          Environmental pollution, such as 

contaminated water or/and polluted air, has 

become a global issue threatening the health 

of mankind. Typical polluting sources are 

toxic organic molecules or exhaust gas 

compounds which are released from 

household waste, livestock waste, and local 

industries. This extensive disposal of textile 

and other industrial waste water that 

contains organic dyes creates a severe 

contamination throughout the world. About 

1 to 20% of the total dyes produced globally 

are lost during dyeing and other processes. 

These dyes are released into water as such 

[1-3]. These organic dyes weathered through 

oxidation; hydrolysis and other chemical 

reactions taking place in the wastewater 

phase can produce toxic metabolites [4, 5]. 

These products produce unfavorable effects 

on human and animal health, which requires 

a suitable treatment of wastewater for 

environmental contamination prevention [6]. 

Different solutions for depollution have 

already been proposed: air scrubbing, 

adsorption, activated carbon, etc., but some 

of them only convert  the pollutant from one 

phase to another one and then require 

additional processes to 

eliminate toxic compounds. 

The photo-catalytic splitting of water on 

TiO2 electrodes involved in Heterogeneous 

photo-catalysis [7]. This technique can be 

envisaged as one of the most promising 

Advanced Oxidation Process (AOPs) 

because of its specific advantages, such as 

bland reaction conditions, the possibility of 

using molecular oxygen as oxidant species, 

the total mineralization of pollutants into 

substances nontoxic to the environment. 

Heterogeneous photocatalysis is based on 

the interaction between semiconductor 

materials and light. By considering that we 

can get „free‟ light from the sun, the idea of 

using solar light energy as resource to clean 

up the environment is an ideal and extremely 

promising approach. Sun light, with 

wavelengths ranging from 200 to 1000 nm, 

is a clean and renewable energy source that 

is readily available. Before reaching the 

Earth‟s surface, a part of the solar energy is 

absorbed by the stratosphere, ozonosphere, 

and other atmospheric layers. the 

photochemical processes such as synthesis 

of vitamin D composed of UV at three 

regions are A (315 – 400 nm), B (280 – 315 

nm) and C(100 – 280 nm), occur.   

Fig.1. solar spectrum. 

1.2 Principles of 

semiconductor 

photocatalysis 
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The most commonly used photocatalysts are 

semiconductor materials (most of them metal 

oxides) which, unlike metals, possess a void 

energy region (band-energy structure), where 

no energy levels are available (Fig. 2). The 

void region which extends from the top of the 

filled valence band to the bottom of the vacant 

conduction band is called band gap, Eg. 

             Activation of a semiconductor 

photocatalyst is achieved through the 

absorption of a photon of ultra-band gap 

energy, which results in the promotion of an 

electron from the valence band into the 

conduction band, e- CB, and in the 

concomitant generation of a hole in the 

valence band, h+ VB. The reaction of either 

the photopromoted electron with a reducible 

adsorbed substrate (usually oxygen in aerated 

system) and/or the hole with an oxidizable 

adsorbed species can subsequently occur. The 

probability and the rate of such charge 

transfer processes depend on the position of 

the conduction and valence band edges and on 

the redox potentials of the adsorbed species. 

At the same time the photogenerated electron 

in the conduction band should be negative 

enough to reduce adsorbed O2 to superoxide 

radical anion [9]. 

Fig. 2 Simplified scheme of semiconductor 

activation. 

 The 

probability and 

the rate of such 

charge transfer 

processes 

depend on the 

position of the 

conduction and valence band edges and on the 

redox potentials of the adsorbed species. 

semiconductor is involving  in the 

photodecomposition or complete 

mineralization of organic pollutants, it should 

be capable to generate a valence band hole 

with a redox potential that is positive enough 

to oxidise the organic pollutant. At the same 

time the photogenerated electron in the 

conduction band should be negative enough to 

reduce adsorbed O2 to superoxide radical 

anion [9]. 

 

1.3 TiO2 as photocatalyst 

           As for any common catalytic material, 

which is not consumed during the course of a 

chemical reaction, a photocatalyst must be 

stable and not prone to decompose due to long 

exposure to light. pH is essential in water 

suspensions are used,. As a general rule, a 

good photocatalyst must be photoactive [10]. 

 Able to absorb visible and/or near 

UV light 

 Biologically and chemically inert 

 Photostable (i.e. not liable to 

photoanodic corrosion) 

 Inexpensive and non-toxic. 

 In many cases, the semiconductor 

risks to gain in oxidative decomposition by 

the photogenerated holes. Generally, only n-

type semiconductor oxides are stable towards 

photoanodic corrosion,. CdS is an example of 

a highly active semiconductor which can be 

activated using visible light (thus, sunlight 

could be used), but, as usually occurs for 

visible light absorbing semiconductors, it is 

subject to photoanodic corrosion and this 

feature makes it unacceptable as a 

photocatalyst for water purification. 

         Among different semiconductor 

photocatalysts, TiO2 appears as the most 

active and most suitable one for a wide 

variety of energy and environmental 

applications. In fact, TiO2 has a high strong 

oxidizing power; moreover, it is biologically, 

universal applicability and chemically inert, 

cost effectiveness, and long-term stability 

against photo-corrosion. Finally the location 

of the bottom of conduction band is suitable 

for using this material for the photocatalytic 

production of hydrogen from water, which 

has received extensive attention in the last 

decade for its potential application in the field 

of solar energy harvesting, conversion and 

storage [11, 12]. However, the photocatalytic 
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efficiency of TiO2 using natural sunlight is 

currently very low. Several factors are of 

relevance, but two are more important: the 

fast recombination of photogenerated 

electron-hole pairs and the limited optical 

response only to UV light. Thus, to inhibit the 

recombination of photogenerated electron-

hole pairs and to extend the optical absorption 

to visible light region is two key ways to 

improve the photocatalytic activity of TiO2 

under solar irradiation. In order to extend the 

optical absorption of TiO2 to the visible light 

region, various attempts have been made to 

modify TiO2 [14] including surface deposition 

of noble metallic nanoparticles, 

Photosensitization with organic dyes, 

polymers, and semiconductors, doping with 

cations and/or anions, and surface reduction 

treatment. Recently, the nanocomposites of 

TiO2 and noble metallic nanoparticles have 

been intensively investigated because they 

can enhance the photocatalytic activity 

primarily by extending the optical absorption 

to the visible light region and increasing the 

number of photoexcited electrons due to the 

enhanced near-field amplitude [15-19].  

  The most common approach to sort 

out the problems associated with TiO2 

nanomaterials is the surface modification of 

TiO2 by adopting few techniques, among 

which, the noble metal (Au, Ag, Pt etc) 

doping is found to be attractive. In this routes 

employed for sensitizing TiO2 and have 

proved in significantly enhancing the 

photoactivity of TiO2. The underlying 

mechanism being that the Fermi level of the 

metal is lower than TiO2 and hence there can 

be an electron transfer from the conduction 

band of the semiconductor to the metal [26]. 

This consequently leads to significant 

reduction in the recombination of photo 

generated electrons and holes which is 

reflected in enhanced photocatalytic activity. 

However, the amount of noble metal loaded is 

crucial as excess of noble metal can lead to a 

decrease in photocatalytic activity mainly 

because it may hamper the photon absorption 

of TiO2 and block its active sites. Moreover, 

at higher loadings, the noble metal may itself 

act as a recombination centre for photo 

generated electrons and holes further affecting 

the efficiency eventhough very recently High 

surface area Ag-TiO2 nanotubes for 

photocatalytic degradation of ceftiofur 

sodium. The TiO2 NTs exhibited better 

photocatalytic activity than TiO2 NPs due to 

their very high specific surface area and good 

crystallinity as well as the surface deposited 

Ag NPs significantly increased their 

photocatalytic degradation rate, owing to the 

plasmonic Ag NPs as well as due to the 

effective charge separation (electron–hole 

separation) at the Ag/TiO2 interface [27].      

 During the past few decades, 

magnetic nanoparticles with peculiar size and 

structure have attracted wide attention 

because of their unique physical and chemical 

properties [28, 29]. Of all magnetic materials, 

magnetite (Fe3O4) is the most important and 

most widely used one in many fields. When 

prepared into well-defined nanoscale 

structures, Fe3O4 may be practically or 

potentially applied in a wide range of fields, 

such as biomolecular separation, [30] 

chemical sensor, [31] energy storage, [32] 

catalysis, [33-35] microwave absorption, [36] 

and environmental remediation [37-41]. 

Generally speaking, Fe3O4 nanoparticles 

could be prepared with different methods 

including co-precipitation of Fe
2+

 and Fe
3+,

 

thermal decomposition, microemulsion, and 

hydrothermal and solvothermal [42,43]. Of all 

these methods, co-precipitation is a preferred 

choice for most researchers because the 

reaction could be performed under a mild 

condition by using water as solvent. 

Moreover, the magnetic separation provides a 

very convenient approach for removing and 

recycling magnetic particles/composites by 

applying an appropriate magnetic field. This 

approach may prevent the agglomeration of 

the catalyst particles during recovery and can 
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increase the durability of the catalysts. 

Catalysts have been immobilized on various 

magnetic supports, including polymers, [44] 

carbon, [45] and silica, [46] and other 

nanocomposites combining mesoporous 

materials with a high surface area and well-

defined pore size with magnetic nanoparticles. 

[47] Unfortunately, research has been carried 

out by immobilizing TiO2 onto various 

magnetic supports, such as magnetite, [48] 

ferrite, [49] barium ferrite, [50] and 

Fe3O4@SiO2 particles [51]. These magnetic 

photocatalysts can not only be recovered but 

also fluidized by applying an external 

magnetic field. However, most of the research 

group works in this area have focused on 

different nanostructures and the resulting 

magnetic photocatalysts are not considerable 

photo catalytic activity. From this viewpoint, 

we propose a flexible process for fabricating 

different weight percentage (5, 10, and 15 wt 

%) of magnetic Fe3O4 core-shell NPs by using 

co-precipitating method. This route is useful 

to obtain interesting and controllable attention 

with TiO2 nonporous outside with using 

methylene blue dye. To the best of our 

knowledge, few researchers have been 

approached in this way eventhough no one 

can report optimization of magnetic TiO2 

nanoporous decorated by Fe3O4 core-shell 

nanoparticles for photocatalyst. This aims at 

enhancing the photocatalytic efficiency of 

TiO2 as much as possible so as to meet the 

widespread applications as well as encourage 

further research in this area. 

                           Materials & 

Methods       
 

Chemical reagents such as high pure 

Titanium isopropoxide were purchased from 

Alfa aeser. Ferrous sulphate hepta hydrate 

(FeSO4•7H2O) was received from Merck. 

Ferric chloride (FeCl3) was procured from 

SigmaAldrich and Tri sodium citrate was 

obtained from Merck and all the other 

chemicals used in this work were of 

analytical grade. Unless otherwise 

mentioned, double distilled water was used 

for the preparation of aqueous solutions and 

washings.  

Preparation of TiO2 nanoparticles           
 In the present study, the TiO2 

nanoparticles were prepared via the sol–gel 

method.. Titanium isopropoxide  was used 

to prepare transparent TiO2 sol at room 

temperature as follows. The Titanium 

isopropoxide was dissolved in ethanol and 

stirred for half an hour to get a precursor 

solution. A mixture of distilled water, glacial 

acetic acid, and ethanol was then dropped 

into the precursor solution at a speed of one 

drop per second under vigorous stirring. 

After that, the solution was continuously 

stirred for 1h to achieve a transparent yellow 

TiO2 sol. The sol was dried at 110 C for 3h 

and then the obtained gel was heat treated at 

400 C for 2h. 

 

. Preparation of Fe3O4 nanoparticles  

An iron oxide dispersion was 

prepared using an established method [60]. 

Briefly, FeCl3 (3.5035 g, 0.0216 mol) and 

FeSO4·7H2O (3.003 g, 0.0108 mol) in the 

molar ratio of  2:1 were dissolved in 100 mL 

of deoxygenated water using nitrogen gas at 

85°C under vigorous mechanical stirring in a 

nitrogen atmosphere. Then, 7.5 mL of 

ammonium hydroxide was quickly injected 

into the reaction mixture. This resulted in 

immediate formation of a black precipitate 

of magnetic NPs. The magnetite dispersion 

was stirred for 30 min and then cooled to 

room temperature. The black precipitate was 

washed several times with deionized water 

and twice with 0.02 mol/L sodium chloride 

by magnetic decantation. 

 

. Preparation of modified Fe3O4 

nanoparticles 

The modified Fe3O4 nanoparticles 

were synthesis following reported procedure 
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[61]. Briefly, The surface modification of 

Fe3O4 nanoparticles was carried out by the 

reaction of the nanoparticles with sodium 

citrate. Fe3O4 nanoparticles (4g) and 200 mL 

sodium citrate 0.5M were mixed together in 

a 250 mL beaker. The mixture was kept 

under  ultrasonic irradiation for 30 min to 

reduce the aggregation of modified 

nanoparticles, and then stirred for 12h at a 

temperature of 110 C under Argon 

protection. The precipitate was collected by 

magneticfield separation and was washed 

with acetone several times. 

Preparation of Fe3O4@TiO2 core-shell 

nanocomposite 

To prepare the core–shell particles of 

Fe3O4@TiO2, the modified magnetic 

coreparticles were initially dispersed in 100 

mL deionised water and kept under 

ultrasonic irradiation for 30 min to obtain a 

stable ferro fluid. This was followed by the 

addition of TiO2 nanoparticles. Molar ratio 

of Fe3O4 to TiO2 was kept to 1:10. The 

mixture was then stirred for 30min and dried 

at 110 C under vacuum, so that a gray 

nanopowder of Fe3O4@TiO2 was finally 

formed. The prepared samples were then 

characterized by XRD, SEM, and DRS. 

Characterization Studies  
  Absorprion spectra of different wt% 

of  Fe3O4@TiO2 catalyst were recorded 

using UV-vis spectrophotometer (UV-

2550, Shimadzu). Diffuse reflectance 

spectra (DRS) of different nanocomposite of 

Fe3O4@TiO2 and pristine TiO2 nanoparticles 

powder were taken using ISR-2200 DRS 

accessory of UV-vis spectrophotometer 

(UV-2550, Shimadzu). Powder XRD 

analyses of the samples were recorded on 

Scintag-XDS-2000 spectrometer with Cu 

Kα a radiation with applied voltage of 40 

kV and current of 30 mA and Scanning 

Electronic Microscopy (SEM) images 

were aquired in TESCAN VEGA3 

Scanning Electron Microscope. 

 

. Photocatalytic activity measurement  

 

 Photocatalytic activities of 

Fe3O4@TiO2 core-shells were evaluated by 

the degradation of methylene blue dye under 

sunlight irradiation with a cut off filter 

measuring of 395 nm. The reaction cell was 

placed in a sealed black box with an opening 

on the top, and the cutoff filter was placed to 

provide visible-light irradiation. In a typical 

process, 0.05 g of photocatalyst was added 

into 100 mL of methylene blue dye with a 

concentration of 1.05g L
-1

. After being 

dispersed in an ultrasonic bath for 5 min, the 

solution was stirred for 30 min in the dark to 

reach the adsorption/desorption equilibrium 

between the catalyst and the selected 

methylene blue dye. Then, the suspension 

was exposed to the visible light irradiation 

[62]. The samples were collected at given 

time intervals and the dye concentration was 

measured by using UV-vis spectroscopy. 

The experiment was repeated thrice to study 

the regeneration and reusability of the 

photocatalyst.  

                                                         

Results & Discussion   

  

.1. HR-SEM Investigation of Fe3O4@TiO2 

nanocomposite 
                    

The magnetic nature of the prepared 

Fe3O4  and Fe3O4 @TiO2 nanocomposites  

were tested with external magnets. When the 

external magnets were placed on the walls of 

the glass vial containing the dispersions of 

the Fe3O4  or Fe3O4@TiO2, all the particles 

were attracted  by the external magnetic 

field towards the walls of the vial containing 

the magnetic nature of the samples (Fig.3).  

F

ig.3. 
The 

Photog
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raphical image of magnetic nature of 

prepared Fe3O4 @TiO2 Core-shell 

nanocomposites. 

 

The SEM images of the as-

synthesized of Fe3O4@TiO2 nanocomposite 

with different weight percentage Fe3O4 are 

shown in Fig.4. The SEM image of the 

Fe3O4 nanoparticles was found from the 

SEM micrograph (Fig.4). It can be seen that 

a uniform shell of TiO2 with a nano-scale 

thickness is coated on the modified Fe3O4 

surface to form a core–shell structure. The 

spherical shape of the cores will change in to 

ellipsoid with an average size of 5- 50 µm 

and the average thickness of the shell is 5µm 

(Fig.4a). The dark and bright regions 

corresponding to the Fe3O4 and the shell 

respectively. This phenomenon can be due 

to their different electron-absorbing abilities; 

therefore the electron binding ability of 

Fe3O4 is higher than that of non-

magnetic TiO2.  

 

Fig.4 The SEM images of the as-

prepared Fe3O4@TiO2  (5  wt%) (a) 

and Fe3O4@TiO2 (b) nanocomposite. 

 

IV.2. Diffuse Reflectance Spectral 

(DRS) Characterization Studies  

 

  The UV-vis DRS spectra of pristine 

TiO2 NPs, bare Fe3O4 NPs and 

Fe3O4@TiO2 core-shell nanoparticles with 

different wt% of (5, 10, 15 wt%) Fe3O4 are 

shown in Fig.5. The absorption edge of 

these samples shows a remarkable shift to 

the visible range and the intensity 

increases with the increase of the amount. 

This is mainly due to that Fe
3+

 inserts into 

the structure of titanium dioxide, occupies 

some of the Ti
4+

 lattice sites because of 

diffusion and transfer of the ions, and 

forms impurity interim levels between 

valence and conduction bands in TiO2. The 

impurity interim levels form impurity 

energy band, which overlaps with the TiO2 

conduction band as the amount of impurity 

increases [63]. However, it was observed 

that the pristine TiO2 shows its 

characteristic absorption peak positioned at 

400 nm which is intermediate between 

purely anatase (387 nm) and rutile (400 

nm) indicative that both the phases are 

present in the sample. However, The DRS 

of Fe3O4@TiO2 (5 wt%), Fe3O4@TiO2 (10 

wt%) and Fe3O4@TiO2 (15 wt%) show 

broad band between 400 and 600 nm,  in 

the visible region. Moreover, all the samples 

show the characteristic absorption peak of 

pristine nanoparticles of 400 nm, which 

indicates that there is no chemical 

transformation took place in pristine TiO2 

nanoparticle, which is an essential 

requirement for obtaining good performance 

in photocatalytic dye degradation of organic 

pollutants.  

Fig.5. 
Diffuse 

reflectance spectra of Fe3O4@TiO2 core-

shell nanoparticles 

 

IV.3. X-ray diffraction analysis of TiO2 

and Fe3O4@TiO2 core-shell nanoparticles  
             The X-ray diffraction patterns of the 

prepared Fe3O4 NPs and TiO2 coated Fe3O4 

nanoparticles are shown in Fig.6. It can be 

seen that TiO2 nanoparticles are made of  

mixture of anatase and rutile phases when 

the doping amount of Fe3O4 is lower than 

5wt%. In the range of 0.0 – 5 wt% , the 

mailto:of.Fe3O4@TiO2
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percentage of rutile phase increased with 

increases of the doping amount of Fe3O4. 

These results reveal that the doping amount 

of Fe3O4 controls the crystals structure of 

TiO2 from anatase to rutile phase. The 

diffraction peaks are remarkably broadend. 

There are some factors affecting the 

diffraction peaks, such as the grain size, the 

defect of the crystal and so on.  The 

observed peaks of prepared Fe3O4 in the 

XRD pattern can be indexed to the face-

centered cubic phase of Fe3O4 (JCPDS No. 

19-629). No impurity peaks are observed, 

which indicate that the product is pure Fe3O4 

phase. The diffraction peaks at 2 values of 

30.3, 36.0, 43.3, 57.4, and 63.1 can be 

attributed respectively to the (2 2 0), (3 3 1), 

(4 0 0), (4 2 2) and (5 1 1) diffraction planes 

of  the face-centered cubic phase of Fe3O4 

(JCPDS No. 19-629) and. The XRD patterns 

of bare TiO2 crystal show that diffraction 

peaks at 2θ values 25.3°, 38.0°, 48.1°, 54.8° 

and 62.8° are indexed as  (101), (004), 

(200), (105), (211) plane of the anatase 

phase, whereas the peaks at 30.7° and 62.8° 

can be indexed as (110) and (111) planes of 

rutile phase. It is clear that the TiO2 

nanoparticles have the mixture of anatase 

and rutile phases [64]. The characteristic 

peak of the Fe3O4 are not observed in the 

studied doping range of Fe3O4@TiO2. One 

of the reason may be the homogeneous 

dispersion of Fe3O4 in the TiO2 lattice 

because similar ion radii of Fe
3+ 

and Ti
4+

, 

and other amount of doped Fe 
3+ 

in Fe3O4 is 

so low, that cannot be detected by XRD and 

weak diffraction peak of Fe3O4 are shielded 

by the broadened diffraction peak of TiO2 

with loaded Fe3O4. The XRD pattern of 

prepared Fe3O4 @TiO2 also confirms that 

there are no other impurities present in the 

prepared samples. Besides, the 2 values at 

which the major peaks appeared are found to 

be almost similar in both the pristine TiO2 

NPs and Fe3O4@TiO2 core-shell 

nanoparticles. 

 

Fig.6. XRD patterns of different wt% of 

Fe3O4@ TiO2 nanocomposites. 

IV.4. Photocatalytic degradation of 

methylene blue (MB) 

            The photodegradation of methylene 

blue (MB) was monitored by recording the 

absorption spectra with respect to time of 

irradiation and their corresponding 

degradation profiles are shown in Fig.7 (a-d) 

and Fig.8, where C0 and Ct are the initial 

concentration and the MB dye concentration 

at irradiation time „t‟ min, respectively. 

Under direct sunlight irradiation bare TiO2 

degrades 75% of MB whereas 5 wt% of 

Fe3O4@TiO2, 10 wt% of Fe3O4@TiO2 and 

15 wt% of Fe3O4@TiO2 degrade 89%, 97% 

and 93% of MB respectively. It can be found 

that the photocatalytic activity initially 

increases with increasing amount of Fe3O4, 

reaches a maximum activity at about the 10 

wt% and then decreases with further 

increasing of the doping amount of Fe3O4 on 

TiO2. The photocatalytic activity is lower 

than that of bare TiO2 when the doping 

amount increases to 15wt%. These results 

indicate that the photocatalytic activity of 

TiO2 can be improved by doping an 

appropriate amount of Fe3O4 into TiO2. The 

photocatalytic activitry of TiO2 is improved 

most effectively when the doping amount is 

10wt%, and the decolourization efficiency 

reaches 97% at a reaction time of 60 min, 

which showed a 22% increase as compared 

to bare TiO2 with a decolourization 

efficiency of 75%. A similar system 
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observation was reported by Yan et al. [65]. 

To summarize the experimental results 

above, the main factors affecting the 

photocatalytic condition in our experimental 

condition may be the crystal and electron 

structures. These results consist with the 

study of Gao et al. [66], This study indicated 

that the separation between photo-generated 

electron and hole in the anatase crystal could 

be accelerated effectively when a thin layer 

of rutile crystal grows on the surface of 

anatase crystal and this may improve the 

photocatalytic activity. Hence, the 

photocatalytic activity of optimal when the 

doping amount of Fe3O4 is 10wt%.  

   

 Choi et al [67] considered that the 

transition from Fe
3+

 to Fe
2+

 corresponding to 

the transition from d
5
 to d

6  
, and Fe

2+
 

relatively unstable due to the loss of 

exchange energy and tend to return to the 

Fe
3+

 , resulting in the release of the trapped 

electron becoming easy. However the 

energy level leis close to Ti
3+

/Ti
4+

 level. As 

a consequence of this time the trapped 

electron Fe
2+

 can easily transferred to the 

near surficial Ti
4+

 and combine with oxygen 

molecule adsorbed on the surface to O2
-
 and 

finally 
.
OH, so the number of active group 

increases and photocatalytic activity also 

improved correspondingly. Furthermore, 

H2O2 may be produced in the catalytic 

reaction on TiO2. From the Fenton reactive 

mechanism, the coexistence of Fe
2+

 and 

H2O2 in the acidic condition may produce 
.
OH, which has strong oxidising power. 

Hence, it can be interfering the reaction. 

Considering that the above fact the vacancy 

introduced in the crystal lattice by Fe
3+

 make 

surface charges unbalanced. To keep the 

electron neutrality, the TiO2 should be 

absorb more OH
-
 ions, which may react 

with photogenarated hole h
+
 and form active 

.
OH, and hence promote the photocatalytic 

efficiency. Therefore, the concentration of 

hole carrier may increase under visible light 

irradiation with increasing doping amount of 

Fe3O4@TiO2 NPs.  

  The kinetic linear plots of 

photocatalytic degradation of methylene 

blue 

(MB) dye with TiO2, 5% Fe3O4@TiO2, 10% 

Fe3O4@TiO2 and 15% Fe3O4@TiO2 core-

shell nanocomposites are shown in Figure.9. 

Usually the photocatalytic degradation of 

organic dyes by semiconductor under light 

irradiation generally involves the excitation 

of the semiconductor to form 

photogenerated (e–….h+) pairs and the 

subsequent chemical reactions with the 

surrounding media after the photogenerated 

holes move to the particle surface and react 

with organic dye molecules to form CO2 and 

H2O [68, 69]. The other possible mechanism 

is based on the excitation of dye in which 

the dye acts as a sensitizer under visible 

light as well as injects excited electrons to 

an electron acceptor to become a cationic 

dye radical (dye*+), followed by self -

degradation of dye molecules [70]. 

Fig.7a The time dependent absorption 

spectra of MB recorded in the presence of 

bare TiO2 nanoparticles under sunlight 

irradiation at different times. [Catalyst] = 

1.05g/0.5L and [MB] = 1.6×10
-5

 M. 



  

9 | P a g e  
 

0 10 20 30 40 50 60

0

1

2

3

4

b

d

c

 

 

- 
ln

 (
C

0/
C

t)

Time (min)

a

0 % 5 % 10 % 15 %
0.00

0.02

0.04

0.06

c

d

b

 

 

-l
n

 (
C

0
/C

t)

Different Wt ratios of Fe3O4 @TiO2

a

0 10 20 30 40 50 60

0

20

40

60

80

100

dc
b

 

 

C t / C
0 

%

Time (min)

 Bare TiO
2

 Fe
3
O

4
@TiO

2
 (5 wt%)

 Fe
3
O

4
@TiO

2
 (10 wt%)

 Fe
3
O

4
@TiO

2
 (15 wt%)

a

 

  

 

 

 

 

It is 

observed that the curve with irradiation time 

as abscissa and ln(Ct/C0) as the vertical 

ordinate is close to a linear curve. The rate 

constant values (k) (Fig.10) were calculated 

for TiO2, 5% Fe3O4@TiO2, 10% 

Fe3O4@TiO2 and 15% Fe3O4@TiO2 as 

0.0245, 0.0366, 0.0653 and 0.0457 min-1, 

respectively. This result indicates that the 

10% Fe3O4@TiO2 composite showed 

higher photocatalytic activity, which may 

be attributed to the effective charge 

separation of (e-…h+) pairs. 

Fig.7b The time dependent 

absorption spectra of MB recorded 

in the presence of 5wt% of 

Fe3O4@TiO2 under sunlight 

irradiation at different times. [Catalyst] 

= 1.05g/0.5L and [MB] = 1.6×10
-5

 M. 

Fig.7c The time dependent absorption 

spectra of MB recorded in the presence of 

10 wt% of Fe3O4@TiO2 nanocomposite 

under sunlight irradiation at different times. 

[Catalyst] = 1.05g/0.5L and [MB] = 1.6×10
-5

 

M. 

Fig.7d The time dependent absorption 

spectra of MB recorded in the presence of 

15 wt% of Fe3O4@TiO2 nanocomposite 

under sunlight irradiation at different times. 

[Catalyst] = 1.05g/0.5L and [MB] = 1.6×10
-5

 

M. 

 

 

 

 

 

 

Fig.8. 

Photocatalytic degradation of methylene 

blue (MB) in the presence of different 

catalysts under sunlight irradiation. Bare 

TiO2 (a), 5 wt% of Fe3O4@TiO2 (b), 10 wt 

of Fe3O4@TiO2 (c) and15 wt% of  

Fe3O4@TiO2 (d). [Catalyst] = 1.05g/0.5L 

and [MB] = 1.6×10-5 M. 

 

 

 

 

 

 

 

 

 

 

 

Fig.9. ln(C0/Ct) Vs time 

plots for the photocatalytic degradation of 

MB over (a) TiO2, (b) 5% Fe3O4@TiO2, (c) 

10% Fe3O4@TiO2 and (d) 15% 

Fe3O4@TiO2 core-shell nanocomposites. 

Fig.10. The reaction rate constants for the 

photocatalytic degradation of MB over ((a) 

TiO2, (b) 5% Fe3O4@TiO2, (c) 10% 

Fe3O4@TiO2 and (d) 15% Fe3O4@TiO2 

composites                                   
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Summary & Conclusion   
 Fe3O4 doped TiO2 nanoparticles with 

different doping amounts (5, 10, and 15 

wt%) are successfully synthesized using co-

precipitation  method under otherwise 

identical conditions. The results indicate that 

the size of the TiO2 nanoparticles decreases 

as the doping amount of Fe3O4 increases. 

The doping of Fe3O4 can control the TiO2 

crystal from anatase to rutile, broaden the 

width of the diffraction peaks of TiO2, and 

produce a redshift in the band gap transition 

and an increase of absorption in visible 

range. It is important that an appropriate 

doping of Fe
3+

 (about 10wt% in our 

experiment) markedly improved the 

catalytic activity of TiO2 under sunlight 

irradiation, and the catalytic activity is 

higher than that of the bare TiO2. The main 

factors affecting the catalytic activity in 

these experimental conditions are concluded 

to be the phase and electron structures of 

TiO2. It is of great significance for using 

solar energy as the irradiation source to 

improve the catalytic activity of TiO2 

obviously by appropriately doping Fe3O4-

TiO2. The introduction of Fe
3+

 ions in TiO2 

nanoparticles is responsible not only for 

reducing the photo-generated hole-electron 

recombination rate but also for utilizing 

solar energy sufficiently. Hence, it is 

hopeful to use Fe3O4 doped TiO2 as an 

effective photocatalyst in the degradation of 

organic contaminates, cleanup of aqueous 

contaminates especially the aqueous 

contaminates of dye and so on in the fields 

of environmental decontamination                                                          
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