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Abstract: In this review, we examine the photo catalytic degradation of organic dye pollutants in the presence of 

nanocatalyst.  Green synthesis has now become a vast developing area in research .Degradation of Methyl Orange 

(MO) and Rhodamine B (RhB) dyes were studied under UV-Vis irradiation using a simple and eco-friendly green 

synthesized Zirconium oxide (ZrO2) nanocatalyst under direct exposure of sunlight. ZrO2 nanocatalyst was 

prepared by green method using Gossypium herbaceum (cotton plant) flower extract which act as reducing agent. 

The synthesized nanocatalyst was characterized by UV-vis, FT-IR, X-ray diffraction and SEM. The comparison 

study of photo catalytic degradation of dyes were carried out using UV-Visible radiation and the photo catalytic 

activity were found to be 88.89%, 85.9% for Methyl Orange (MO) and Rhodamine B dyes respectively after 30 

minutes duration. The report emphasizes that the ZrO2 nanocatalyst are observed to be an excellent on reduction of 

hazardous dyes, which is confirmed by a decrease in absorbance maximum values. 
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1. Introduction 

The rapid growth of the textile industry has led to the pile up of various organic pollutants[1] .The 

expanding needs for water and declining supply has made the treatment and recycle of industrial effluents has an 

attractive option [2]. The waste dyes and their byproducts contaminate the water sources and produce toxic nature; 

some of this color is usually present in food, cosmetics, painting etc., [3]. Cationic and anionic dyes are the major 

chemicals with the maximum variety of colors have been used widely in textile, dyeing and paper painting. These 

dyes cannot be easily degraded [4]. The accumulation of these dyes in the water bodies causes eutrophication, 

reduces the reoxygenation capacity and makes severe damage to the aquatic organisms by hindering the infiltration 

of sunlight [5]. Several combinations of treatment methods have been developed so far for efficiently process 

textile wastewater decolorization being among the main targets to achieve. They are environmental friendly 

techniques since they produce no solid wastes. Methyl Orange and Rhodamine B dyes are water soluble, distinctly 

used in textile industries. The “Green-chemistry” concept is the inspiring enthusiasm to exploit the novel, high-

efficient and eco-friendly photo catalysts for waste water cleaning [6]. Photo degradation offers a promising 

method for the degradation of organic pollutants in water. Among the various metal oxide nanoparticles, ZrO2 
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Nanocatalyst is become the most important nanoparticles in different industries because of their specific properties 

such as high thermal and chemical stability, low thermal conductivity [7] which is used as refractory material, 

cutting tools thermal barrier coating and catalyst support,  sensors, fuel cells, advanced ceramics, transparent and 

optical devices, metallic glass etc., [8]. Green synthesis have now been applied to design of a wide range of 

chemical products and process with the aims of minimizing chemical hazards to health and the environment 

reducing waste and prevents pollution . Here, a ZrO2 nanoparticle was prepared in green synthesis method by 

using Gossypium herbaceum (cotton plant) extract. The ZrO2 nano catalyst promising that its size dependant 

catalytic potential in the reduction of hazardous dyes in various environment-related applications [9].The 

degradation of Methyl Orange and Rhodamine B with ZrO2 nanocatalyst was studied using UV-Vis radiation.  

 

2. MATERIALS AND METHODS  

2.1 Materials 

Gossypium herbaceum (cotton plant) was collected from Aundipatti nearby Theni district. Zirconyl 

chloride octahydrate [ZrOCl2.8H2O] was used. All the glass wares were washed with de-ionized water. 

2.1 Preparation of Gossypium herbaceum (Cotton plant) extract 

Gossypium herbaceum (cotton plant) was washed thoroughly with distilled water in order to remove the 

dust particle.About10 grams of Gossypium herbaceum (cotton plant) weighed and cut into small pieces and 

refluxed with 200 ml of de-ionized water for 40 minutes and filtered using  whatman no.1 filter paper filtrate used 

as reducing agent.  

2.3 Green synthesis of ZrO2 Nanoparticles 

            For the synthesis of ZrO2 nanoparticle, 200 ml of the Gossypium herbaceum flower extract was added to 

the 100ml of Zirconyl chloride octahydrate solution. The solution was stirred for 30 minutes. Nanoparticles 

formed by the color change of the solution from yellow to honey yellow. 
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3. RESUSLTS AND DISCUSSION 

3.1 UV-Visible spectrum 

 

Fig1. UV-Visible spectrum of ZrO2  

In  these  spectra ƛmax  for  ZrO2 was observed  as  350 nm.This  indicates  the  absorption  shift  towards  

the  shorter  wavelength, because  of   the  particle   size  reduction. From  these  spectra, it  is  evident  that  

resultant  nanoparticle was  embedded  in  silica  matrix  and  exhibited the  significant  blue  shift.  

 

 

 

3.2 FT-IR Spectrum of ZrO2  

 

Fig.2 FT-IR Spectrum of ZrO2 

The FT-IR   spectra of metal   sample    show    specific   stretching vibrations for the   different structural 

forms of   metal. The   stretching frequency of   ZrO2 is   551.64cm-1 was absorbed, IR absorption is due to the 

vibrations. 
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3.3 X-Ray Diffraction Pattern 

The  average  particle  size  is  determined  using   Debye –Scherer’s   equation    applied  to  major, 

peaks  corresponding    to  maximum   intensity  in   the  XRD  pattern   of  the   samples. The size of the 

synthesized ZrO2 Nanoparticles was calculated from powder   XRD   pattern    using Scherer’s formula. 

D = Kƛ/βcosθ 

 

Fig.3 XRD Spectrum of ZrO2 nanopartical 

Fig.3   Shows    the    XRD pattern of ZrO2. The  observed    “2θ”   values  come  in  good    agreement  with  

standard    “2θ”   values .This  confirms  that  powder  prepared  was ZrO2  nanoparticles  thus  estimated  was  

found  to  be   7.64 nm. 

3.4 Scanning    Electron    Microscopy   (SEM) 

The SEM is recorded by JEOL Model 6390 computer – controlled microscope. The  image  obtained  by  

SEM  of  the  samples  for  ZrO2 (fig.4)   shows flake  like morphology. The ZrO2 Nanoparticles    have  been   

distributed  well  within  the  range  of   ~100 nm    which  is  the  favorable   for   SEM  other  purpose. From this,  

the  synthesized  ZrO2  sample    having  particle   size  in  the  nano  scale. 

 

              Fig.4 SEM image of   ZrO2 Nanoparticle 
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3.5 Photo catalytic degradation studies 

Effect of variation   of   initial   concentration of   Methyl Orange and Rhodamine B dyes 

 The  mixture  of  dye  solution  and  the  nanoparticle  were exposed    to  sunlight   and  its   effect  on  

rate    bleaching  was   studied. The  extent  of  degradation  of   the  dyes  in  the presence of  nanocatalyst  were   

studied  at  definite   intervals  of  time  [30 minutes]  using  UV-Visible  spectrum .The  variation  in    absorbance  

are  represented   in  fig.5,6. If  more  concentration  of  dyes  are  taken,  it  imparts  a   darker   color  to  the  

solution  and  it  may  act  as  filter  to  the  incident  light  reaching  the  semiconductor    surface  as a 

consequence, the rate of photo catalytic   bleaching of methyl orange and rhodamine B dyes decrease. The extent 

of   removal   of   dyes   has been   calculated   using the following   relationships. 

Percentage removed   = 100(C0 - C) ∕ C0 

 

                  Fig5.UV- visible spectrum of Methyl Orange with ZrO2                        Fig6.UV- visible spectrum of Rhodamine B with ZrO2. 

ZrO2 nanoparticles offered 88.89% for Methyl Orange and 85.9% for Rhodamine B dyes shows greater efficiency 

of reaction time. The observed photo catalytic degradation activity is higher.  

3.6 Photo degradation studies: 

The studies of Photo degradation of dyes in the presence of nanocatalyst were studied using ZrO2 

nanocatalyst. The percentage removal of Methyl Orange, Rhodamine B dyes on 30 minutes time interval to 150 

minutes were given in the table no.1  

                          

                                                                                                                                                

 

 

 

 

 

Table no.1 represented the decolorization efficiency of methyl orange and rhodamine b dyes 

S.no Time duration 

in minutes/hour 

Percentage% removal 

Methyl orange Rhodamine B 

1 30 22% 19.5% 

2 60 33.6% 29.3% 

3 90 56% 49% 

4 120 68.3% 65% 

5 150 88.89% 85.9% 
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 It reported that the adsorption between the dyes and the ZrO2 nano catalyst under UV-irradiation shows both 

methyl orange and rhodamine b dyes has better enhance of photo catalytic efficiency. 

4. CONCLUSION 

The  green  synthesis  method  has  been   used  for  the  synthesis  of   ZrO2  nanocatalyst  using   

Gossypium herbaceum (cotton plant) extract.  The  sample    obtained  by  the  green  synthesis   was  

characterized  by  UV-Visible ,FT-IR ,XRD  and   SEM  instrumental    methods. The  UV-Visible   spectra   gives  

the  peak  at  360 nm ,it  shows  the  presence  of oxide  peak .The   FT-IR  analysis  of  the  spectra   shows  broad  

band  between  551.64 cm-1, characteristic  of   ZrO2 band. The image obtained by SEM of samples ZrO2 shows 

flake like morphology. From  the  XRD  results  the  size  of  ZrO2    nanocatalyst   were  calculated  to  be  7.68 

nm .The  ZrO2  nanoparticles   have  been    distributed  well  within  the  range  of  ≈ 100 nm    which  is  the   

favorable  property  to  exhibit   better  photo catalytic  activity. The  photo   catalytic   degradation  of  the  dyes   

was   carried  out  with   UV-Visible  radiation .So  we  conclude  that  photo  catalytic  degradation  of  the  dyes  

was  carried  out  with  UV-Visible  radiation  and  the  photo   degradation  were found  to  be  88.89% for  

Methyl Orange and 85.9% for  Rhodamine B  with ZrO2  nanocatalyst in 30 minutes duration. The  green  

synthesized  nano  catalysts  have  good  photo catalytic   properties  for  the  degradation  of  organic  pollutants  

like  Methyl Orange and Rhodamine B dyes. 
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