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a b s t r a c t
The present paper aimed to synthesize and characterize N-doped FeNi3/TiO2 nanocompos-
ite as well as its application to decompose Reactive Red 195 dye (RR195) from aqueous solutions. 
Characterization studies including Fourier-transform infrared spectroscopy, field-emission scan-
ning electron microscopy, Brunauer–Emmett–Teller, and vibrating-sample magnetometer systems 
showed that N-doped FeNi3/TiO2 nanocomposite specifications containing morphology, magnetic 
properties, and formed functional groups were confirmed. The results of photocatalytic exper-
iments showed that the degradation performance of RR195 dye under optimal conditions (pH = 3, 
photocatalyst dose 2 g/L, dye concentration = 20 mg/L, reaction time = 60 min) reached 96%, and 
chemical oxygen demand results approved the formation of intermediate compounds. Moreover, 
the results of the reusability study demonstrated that degradation percentage of RR195 decreased 
to 65% during 5 cycles. It can be concluded that N-doped FeNi3/TiO2 nanocomposite has a good 
potential and practical ability to eliminate RR195 from an aqueous medium.
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1. Introduction

Currently, the world is facing great challenges in the 
fields of water management and environmental pollution 
by anthropogenic sources including industrial wastewater 
[1–3]. Generally, these fields require the continual seeking 
and developing of innovative and high-performance puri-
fication technologies for water and wastewater. In addi-
tion, the development of industries and the increasing pace 
of production in the last three decades have exacerbated 
the problems resulting from the pumping of industrial 

effluent-containing contaminants into water resources and 
environment [4–6]. In fact, insufficient or imperfect treat-
ing industrial wastewater can cause high concentrations of 
contaminants to enter the environment that it can eventu-
ally have adverse effects on the environment and human 
health [4,6,7]. For example, it was found that approximately 
22% of the total quantity of used raw dyes is released 
with inadequately treated wastewater from various indus-
tries such as leather and tannery, textiles, cosmetics, food, 
printing and plastics industries [8,9].
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Estimates also show that about one-fifth of the total 
dye production in the textile industries is transferred to 
the environment through wastewater [9,10]. Dyes are 
divided into three main categories including anionic 
(direct, acidic and reactive), cationic (total primary dyes) 
and non-ionic (dispersed dyes) [10,11]. Azoic dyes are the 
largest group of dyes which is used for textile dyeing and 
other industrial applications. Most dyes cause adverse 
effects such as allergies, dermatitis, skin irritation, cancer 
and genetic mutations in humans in the long term if they 
enter the environment. These compounds also have an 
aesthetic negative effect on water quality [11–13]. Reactive 
dye 195 contains an active group consisting of an aromatic 
heterocyclic ring containing fluoride or chloride ions. This 
dye is commonly used for dyeing cellulose fabrics and fab-
ric textures. The presence of these aromatic rings makes 
these compounds resistant to biodegradation and they can 
remain in the environment for a long time and then can 
lead to adverse effects on humans and the environment 
[12,14]. Therefore, these compounds must be eliminated 
and mineralized before entering the environment. One of 
the superior and efficient treatment methods that can be 
used to degrade various organic pollutants is advanced 
oxidation processes (AOPS) [13]. In most cases, these reme-
diation ways can decompose the hard or non-biodegrad-
able organic matter by using active free radicals produced 
during oxidation reactions [15]. The photocatalytic process 
is among the most efficient and diversely applied ways 
for the degradation of organic matter such as dyes [12]. 
In these processes, the working mechanism generally pro-
duces active free radicals in the simultaneous presence of a 
light source (sunlight, simulated sunlight, and UV) and a 
semiconductor material (e.g., TiO2 and ZnO). In this way, 
the collision of light with semiconductor material can lead 
to the excitation of an electron and its transfer from the 
gap band to the conduction band. Simultaneously, active 
cavities (hole+; h+) are formed at the photocatalyst surface 
[15–17]. Ultimately, the reactive radical hydroxyl (OH•) 
will be created during the reaction of water molecules or 
OH– ions with h+. Titanium dioxide nanoparticles are one of 
the most functional nanoparticles which are used as a cata-
lyst in the photocatalytic process for the removal of organic 
matter [17,18]. Their advantages included non-toxic, high 
chemical stability in a wide range of pH, high performance 
in electron conduction as a semiconductor and etc. [15,17]. 
In the photocatalytic heterogeneous reaction, the retrieval 
of catalyst for reuse needs filtration or centrifuge pro-
cesses. To overcome this problem, coating photocatalytic 
shells on magnetic compounds is one of the most feasible 
and easiest ways for recycling the catalyst [19,20]. FeNi3 is 
an iron-nickel-based magnetic material that has recently 
been used in studies as a magnetic core because of the 
high saturation magnetism in its structure [21,22]. On the 
other hand, doping nanomaterials such as nitrogen (N), 
and carbon (C) on the photocatalytic shell reduces the elec-
tron–hole+ (e––h+) recombination property and improves 
the photocatalytic activity of a composite under visible 
light with a wavelength of more than 400 nm [23–25]. 
Therefore, this study aimed to synthesize and characterize 
N-doped FeNi3/TiO2 nanocomposite and its application to 
decompose Reactive Red 195 dye from aqueous solutions.

2. Materials and methods

2.1. Chemicals and apparatus

The dye used in present research was Reactive Red 195 
dye (RR195) with a molecular weight of 1136.32 and molecu-
lar formula C31H19ClN7Na5O19S6 and the molecular structure 
of RR195 is depicted in Fig. 1. Other materials include hydra-
zine hydrate (N2H4.H2O: 80% purity), ethanol (C2H5OH), 
titanium butoxide (TBOT: Ti(OBu)4 (Bu = CH2CH2CH2CH3)), 
iron chloride (FeCl2.4H2O), hydrogen peroxide (H2O2; 
30%), polyethylene glycol (1g MW 600), nickel chloride 
(NiCL2; 6H2O), HCl, and NaOH were the product of Merck 
Company. In order to measure the residual dye concen-
tration, a spectrophotometer (model: UV/Vis T80+) at a 
wavelength of 540 nm was used.

2.2. N-doped FeNi3/TiO2 composite synthesis method

2.2.1. Synthesis of Fe-Ni3

First, 1 g of polyethylene glycol was dissolved in 180 mL 
of water. Next 0.713 g of nickel chloride and 0.198 g of 
iron chloride were separately dissolved in two containers 
containing 30 mL of distilled water and then added to the 
first suspension. After complete mixing, the pH of the sus-
pension was adjusted between 12 and 13 by using sodium 
hydroxide. Then 1.9 mL of hydrazine hydrate was added 
to the previous suspension and the reaction was performed 
for 24 h. Simultaneously with the progress of the reaction, 
the solution pH was regularly monitored to maintain the 
desired range. Finally, the obtained product was washed 
several times with water and ethanol, and it was dried 
at 30°C in a vacuum oven after separation by an external 
magnetic field [22].

2.2.2. Synthesis of FeNi3/TiO2 nanocomposites

0.2 g of FeNi3 was mixed in a mixture containing 10 mL 
of 1-propanol and 50 mL of distilled water. Next, 2 mL of 
TBOT (tetrabutyl orthotitanate) was added drop by drop 
to the previous suspension and stirred for 24 h at 500 rpm 
at 80°C. Next, the obtained FeNi3/TiO2 nanocomposite is 
washed with water and ethanol in several steps. This nano-
composite is dried in a vacuum oven at 30°C after separa-
tion by an external magnetic field. Ultimately, the samples 
are placed to calcine in a furnace at 400°C for 4 h [15].

2.2.3. Synthesis of N-doped FeNi3/TiO2 nanocomposites

First, 140 mg of FeNi3/TiO2 was dispersed in 70 mL of 
distilled water for 20 min by ultrasonic waves. Next, its pH 

 

Fig. 1. Molecular structure of RR195.
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was adjusted to 10 by ammonia 35%, and 2 mL of hydra-
zine hydrate was immediately added to it and shaken. The 
obtained suspension was heated in a Teflon autoclave for 
80 h at 80°C. Ultimately, the formed particles were washed 
with distilled water and dried in a vacuum oven at 50°C. 
The schematic illustration of N-doped FeNi3/TiO2 syn-
thesis is depicted in Fig. 2.

2.3. Characterization of FeNi3/TiO2 nanocomposite

To characterize FeNi3/TiO2 nanocomposite, Fourier-
transform infrared spectroscopy (FT-IR) analysis (Model: 
Avatar 370, America), field-emission scanning electron 
microscopy (FE-SEM) image (Model: Zeiss-EM10C-100Kv, 
Germany), vibrating-sample magnetometer (VSM sys-
tems; Model Lake Shore 7404, America) and analyze of BET 
(Brunauer–Emmett–Teller; the BELSORP-MINI X sorption 
analyzer) were used.

2.4. Photocatalytic tests

The schematic of photocatalytic reactor is shown in 
Fig. 3. In this research to prepare samples, the stock solu-
tion of RR195 was made by dissolving 1 g of RR195 pow-
der in 1,000 mL distilled water, and also to investigate the 
photocatalytic degradation of RR195 using N-doped FeNi3/
TiO2 nanocomposite in the presence of UV irradiation, 
the impression of various parameters including pH (3, 5, 
7, 9 and 11), the dose of N-doped FeNi3/TiO2 (0.055, 0.01, 
0.02, 0.03, 0.04, 0.05 and 0.1 g/L) and initial concentration 
of RR195 (2, 5, 10 and 15 mg/L) at reaction times (5, 10, 15, 
30, 60, 80, 120 and 180 min) was investigated. To supply the 
UV irradiation, a UV lamp was installed in the middle of 
the reactor with a power of 2,500 W/cm2 and a wavelength 
of 254 nm. To consider the adsorption and desorption of 
RR195, the prepared solutions were put in the darkness 
for 0.5 h. At the end of each step of the test, the residual 
concentration of RR195 was determined by the spectropho-
tometry in the wavelength of 540 nm. It should be noted 
that since the maximum absorption of RR195 by nanopar-
ticles synthesized in optimal conditions was 8%–12%, 
it was not discussed in the results of this research.

2.5. Kinetics study

In the photocatalytic process, reaction kinetics can 
be used to evaluate the degradation rate of pollutants by 
modeling its degradation. Pseudo-first kinetic models are 

used to express the speed of heterogeneous photocatalytic 
degradation of organic matter such as RR195. Langmuir–
Hinshelwood kinetics model is broadly used to describe 
the reaction kinetics [Eq. (1)] [27].
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where C0, Kobs, t and C are primary concentration of RR195 
(mg/L), constant of pseudo-first-order reaction rate (min–1), 
reaction time (min) and RR195 concentration at time 
of t (mg/L).

2.6. Reusability study

Assessment stability and reusability of the photocat-
alysts is one of the important parameters that need to be 

 
Fig. 2. Schematic illustration of N-doped Fe-Ni3/TiO2 synthesis.

Fig. 3. Schematic of photo-catalytic reactor.
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studied. To survey it, the potential reuse of the N-doped 
FeNi3/TiO2 nanocomposite under UV light has been inves-
tigated to degrade RR195 dye during five times. After each 
reaction, the N-doped FeNi3/TiO2 nanocomposite was sep-
arated from the reactor by using a magnet and was washed 
repeatedly with distilled water, and then re-entered the 
reactor as a photocatalyst to degrade RR195 dye after dry-
ing at 80°C. Ultimately, the residual concentration of the 
dye was separately measured to evaluate the decrease 
in photocatalyst activity after each cycle.

2.7. Chemical oxygen demand experiment

Chemical oxygen demand (COD) test has been imple-
mented according to standard 5310B protocol, taken from 
the standard manual for water and wastewater experi-
ments. This test can indirectly confirm the presence or 
absence of potentially formed intermediates. Therefore, after 
obtaining the optimal conditions, a COD test was carried  
out [28].

3. Results and discussion

3.1. Characterization study

3.1.1. FT-IR spectroscopy

FT-IR spectroscopy was used to identify the functional 
groups of N-doped FeNi3/TiO2 magnetic nanocomposites 
and the results are depicted in Fig. 4. The tensile vibra-
tions of Fe–Ni, Ni–Fe–Ni and, Fe–Ni–Ni bonds presence 
corresponded to a peak at 494 cm–1. The presence of a 
peak in 1,347.73 cm–1 is related to the vibration of C–H and 
N–O bonds, which is occurred due to the residue of some 
raw materials such as hydrazine hydrate in the synthe-
sis stages. The absorption band at 3,937.85 cm–1 is related 
to the vibrations of the hydroxyl functional group (O–H) 

in the sample, which may be due to the presence of mois-
ture. The Ti–O–Ti bond is responsible for vibration at 792 
and 1,102 cm–1. The wide peak at 3,819 cm–1 is due to the 
tensile vibration caused by the O–H bond. On the other 
hand, vibrations in 1626, 675 and 590 cm–1 bands confirm 
the presence of the TiO2 shell on the FeNi3 magnetic core. 
The compact and wide bands between 1,078 and 964 cm–1 
were attributed to the strong tensile vibrations of the Ti–O 
and Ti–O–Ti bonds, and it is indicated that the distance 
between the TiO2 band and N-doping is decreased [29–34].

3.1.2. FE-SEM image

To study the shape, surface and average diameter of 
particles an electron microscope (FE-SEM) was used, and 
its results are shown in Fig 5. Fig. 5A and B both show 
the surface image of the synthesized nanocomposite, 
except that Fig. 5B examines the surface of nanoparti-
cles with high-resolution. According to Fig. 5, it can be 
inferred that N-doped FeNi3/TiO2 particles have a prop-
erty of aggregation, which is due to their magnetic prop-
erties that cause the particles to be well absorbed and 
placed next to each other. Due to their amorphous state 
and no deformation in different modes, a regular struc-
ture is not recommended for N-doped FeNi3/TiO2 nano-
composite. On the other hand, it can be seen that N-doped 
FeNi3/TiO2 nanocomposite has a rough surface. The 
average size of the N-doped FeNi3/TiO2 nanocomposite 
was determined between 33.5 and 67.31 nm, and its tex-
ture is compressibility dense, which indicated its high  
density.

3.1.3. VSM technique

To evaluate the magnetic properties of N-doped FeNi3/
TiO2 nanocomposite, a VSM system was used at room 
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Fig. 4. FT-IR spectroscopy of N-doped FeNi3/TiO2.
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temperature, and its result can be seen in Fig. 6. According 
to the results, FeNi3, FeNi3/TiO2, and N-doped FeNi3/TiO2 
nanocomposite have a saturation magnetization of 69, 6.7, 
and 10.5 emu/g, respectively. The saturation magnetism 
decreased due to coating with titanium oxide and nitrogen 
doping. Actually, the decrease in Ms values final nanocom-
posite compared to the uncoated FeNi3 is due to the layer 
coated on the surface of particles and the increase in size. 
Despite the decrease in saturation magnetization, these 
particles could still be easily separated using a magnetic  
field.

3.1.4. BET analysis

BET analysis was utilized to measure the specific sur-
face area (m2/g) of N-doped FeNi3/TiO2 nanocompos-
ite and its results are expressed in Table 1. BET analysis 
showed that the specific surface area of the nanocompos-
ite was 112.42 m2/g. The high surface area obtained for 

nanocomposites can play an effective role in photocatalytic 
activity and absorption of ultraviolet beams.

3.2. Effect of variables

3.2.1. Effect of pH

In photocatalytic reactions, the decomposition per-
formance can be affected by different factors, especially 
pH. Because of amphoteric behavior of the most semicon-
ductor particles, pH can alter the charge features of the 
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Fig. 5. FESEM image of N-doped FeNi3/TiO2 nanocomposite A (ordinary) and B (high resolution).
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Table 1
BET analysis of N-doped FeNi3/TiO2 nanocomposite

Nanoparticle Surface 
area (m2/g)

Average pore 
diameter (nm)

Pore volume 
(cm3/g)

N-doped FeNi3/TiO2 112.48 7.7477 0.2186
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photocatalyst surface. In other words, the effect of pH on 
the photocatalytic reaction is difficult because of electro-
static interplay between the catalyst surface, pollutant and 
free radicals formed during the reaction [35]. Therefore, 
before interpreting the effect of pH, we must clearly iden-
tify the possible contaminant and photocatalyst states at 
different pH. RR195 dye is an anionic compound meaning 
that its acidic constant (pKa) is in the acidic pH range, and 
therefore it will exist as a negative ion in relatively strong 
acidic and alkaline environments. Also, the photocatalyst 
surface charge is dependent on solution pH. Accordingly, 
the pHzpc value of the photocatalyst was determined to 
specify the positivity and negativity charge of N-doped 
FeNi3/TiO2 nanocomposite. Based on the method used by 
Boumediene et al. [36], the pHzpc value was measured and 
estimated to be close to 7.2. This means that at pH less than 
7.2 the catalyst surface will have a positive charge and in 
contrast at pH more than 7.2 the catalyst surface will have 
a negative charge. To survey the effect of pH on RR195 deg-
radation efficiency, it was adjusted between 3 and 11 and 
other effective factors (concentration RR195 = 20 mg/L, cat-
alyst dose = 2 g/L, reaction time = 60 min) were constant. 
The obtained results are depicted in Fig. 7. Accordingly, 
maximum elimination percentage (98.8%) was achieved 
at pH = 3 (acidic condition), vs. minimum degradation 
percentage (71%) was observed in at pH = 11 (alkaline 
medium). In alkaline pH N-doped FeNi3/TiO2 nanocom-
posite surface and RR195 molecule are negatively charged, 
and the adsorption of RR195 on the photocatalyst surface 
decreased at alkaline pH. This repulsion factor prevents the 
contaminant from approaching the catalyst surface, and 
only dye removal agent in these conditions is suspended 
hydroxyl radicals (OH•) [37]. But in acidic conditions, in 
addition to hydroxyl, positive cavities can degrade the 
contaminants. In other words, in acidic conditions, due to 
the attraction between the contaminant and the photocata-
lyst surface, RR195 dye is simultaneously attacked by free 
radicals and positive holes, and the result is an increase 
in RR195 dye degradation efficiency. Similar results have 

been achieved in the studies conducted by other research-
ers, which is consistent with the findings of the present  
study [12,38].

3.2.2. Effect of N-doped FeNi3/TiO2 nanocomposite dose

Another important variable in the photocatalytic reac-
tion is N-doped FeNi3/TiO2 nanocomposite dose catalyst. To 
evaluate the impact of the nanocomposite dose on the pho-
tocatalytic elimination of RR195, various values of N-doped 
FeNi3/TiO2 nanocomposite (1, 2, 4, and 6 g/L) under UV light 
have been investigated and its results are depicted in Fig. 8. 
It shows that the degradation efficiency of RR159 dye pro-
motes by increasing the catalyst dose from 1 to 2 g/L but it 
was decreased following an increase in the catalyst dose. 
Increased efficiency at the beginning of the reaction can be 
due to the increase in the catalyst dose and the number of 
active sites at the photocatalytic surface [39]. Because the 
synthesized nanocomposites are magnetic, they can stick 
together at high concentrations, and form agglomeration 
particles that active sites on catalyst surface for UV absorp-
tion is consequently reduced [7,15,19]. Moreover, a fur-
ther increase in the nanocomposite dose can lead to creat-
ing turbidity in the solution, and it ultimately reduces the 
degradation efficiency [40].

3.3. Effect of initial concentration

Initial concentration is another factor that affects the 
efficiency of the photocatalytic dye removal reaction 
using N-doped FeNi3/TiO2 nanocomposite. As shown in 
Fig. 9, the removal efficiency was decreased with increas-
ing concentration of dye. At the lowest dye concentra-
tion, the removal percentage was 98.8% in reaction time 
equal 60 min and by increasing the dye concentration to 
40 mg/L, the removal percentage was decreased to 58% in 
same time. The adsorbed contaminants on the nanocatalyst 
surface increase when the initial concentration increases, 
and it prevents direct contact of light with the catalyst, 
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Fig. 7. Effect of pH on Reactive Red 195 dye removal by N-doped FeNi3/TiO2/UV light (concentration RR195 = 20 ppm; 
catalyst dose = 2 g/L; reaction time = 60 min).
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which is subsequently reduced the degradation efficiency 
of dye (40). In the study conducted by Khodadadi et al. 
[27], which is investigated the removal of tetracycline by 
the FeNi3/SiO2/TiO2 photocatalyst, the results showed 
that increasing the concentration of the contaminant lead 
to reduce the degradation of tetracycline.

3.4. Kinetics study

First-order kinetics were used to investigate the kinet-
ics of degradation reaction under the photocatalytic pro-
cess, and the results are plotted in Fig. 10. The amount of 
Kobs (kinetic constants) at different concentrations and times 

shows that its value decreases with increasing color con-
centration. Based on studies conducted by researchers, it 
was found that the degradation constant rate of pollutants 
reduces when the concentration of pollutants is increas-
ing. The cause of this phenomenon is that by increasing the 
concentration dye in the presence of constant catalyst value 
and free radical produced, the rate of pollutant decomposi-
tion descends. Furthermore, by-products created during the 
reaction can react with radicals and reduce dye decompo-
sition [41–43]. On the other hand, the obtained Kobs along 
with the determination coefficient values (R2) are expressed 
in Table 2. The determination coefficients show that 
Kobs values are obtained with high confidence.
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Fig. 8. Effect of nanocatalyst dose on efficiency of Reactive Red 195 dye removal by N-doped FeNi3/TiO2/UV light (pH = 3; 
concentration RR195 = 20 ppm).
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3.5. Degradation mechanism

The presence of semiconductor materials such as TiO2 
is one of the main features which is required for photocata-
lytic activity. The main trait of this material is the existence 
of conduction and gap bands in that structure. It can lead 
to the transition of electrons from the gap band to conduc-
tion by receiving energy from the emitted beam and simul-
taneously creating holes+ (h+) in the photocatalyst surface. 
The created h+ can decompose organic matter directly and 
it can indirectly react with water molecules or hydroxyl 
ions (OH) that lead to product hydroxyl radicals (OH•) that 
eliminate organic matter. Moreover, irritated electrons may 
react with O2 and product radicals. In addition, hydrogen 
peroxide is formed during chain reactions that it can even-
tually produce OH•. Possible reactions in the photocata-
lytic reactor are described below. The formed OH• by high 
redox potential attack the RR195 molecules and degrade it 
to water and carbon dioxide as well as possible by-prod-
ucts (easily biodegradable polymers). As shown in Fig. 11, 
the amount of residual dye and its COD in the photocata-
lytic process is significantly different due to the formation 
of possible intermediate compounds [12,15].

TiO TiO2 2� �� �� �
h

e h
�

 (4)

TiO h H O OH H TiO22 2
� � �� � �� � �  (5)

TiO h OH OH TiO2 2
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TiO O O TiOe2 2 2 2
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O H HO OHO22 2
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2 2 22HO H OO2
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RX TiO h TiO RXads ads� � � � �� ��
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3.6. COD removal in the photocatalytic oxidation process

The removal of COD in pH changes during the photo-
catalytic oxidation stage was investigated and according 
to Fig. 11, the highest efficiency of 40% was obtained at 
a pH equal to 3. The efficiency of COD removal decreases 
with the increase in the pH of the environment. The rea-
son is the precipitation of iron in the form of hydroxide in 
an alkaline environment. Finally, the turbidity caused by 
deposition reduces the transmission of UV radiation [44–46].
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Fig. 10. Kinetics of reaction.

Table 2
Reaction kinetics and the relevant data

RR195 concen-
tration (mg/L)

Equation Kobs 
(min–1)

R2 t1/2 (min)

5 y = 0.0415x + 0.9004 0.0415 0.97 16.6988
10 y = 0.0116x + 1.3816 0.0116 0.96 59.74138
20 y = 0.0199x + 1.6374 0.0199 0.95 34.82412
30 y = 0.0034x + 1.9009 0.0034 0.81 203.8235
40 y = 0.0055x + 2.1085 0.0055 0.99 126
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3.7. Reusability result

The results of the reusability study are depicted in 
Fig. 12. It indicates that a 35% reduction of catalyst has 
been seen during the photocatalytic activity after five times 
nanocomposite utility, and then the reusability percentage 
practically is acceptable.

4. Conclusion

The aim of this study was the synthesis and character-
ization of N-doped FeNi3/TiO2 nanocomposite as well as 
its application to decompose Reactive Red 195 dye from 
aqueous solutions. The results of the characterization 
study indicated that N-doped FeNi3/TiO2 nanocomposite 
specifications including magnetic properties, morphol-
ogy, and formed functional groups in the structure were 
confirmed. The results of photocatalytic tests displayed 
that the degradation performance of RR195 dye in pH = 3, 

photocatalyst dose 2 g/L, dye concentration = 20 mg/L, reac-
tion time = 60 min reached 96% and COD results confirmed 
the formation of by-product compounds. The results of 
reusability study represented that the degradation percent-
age of RR195 was reduced about 35% during 5 cycles. As a 
total result, it can say that N-doped FeNi3/TiO2 nanocom-
posite has a good potential and ability to decompose RR195 
from aqueous solutions.
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