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ABSTRACT 

In the present study photocatalytic degradation of hazardous water soluble alizarin red dye by using Fe-Co nanoparticles  
has been investigated. Fe-Co nanoparticles was synthesized by chemical co-precipitation method and characterized by 
TEM, SEM, EDAX and XRD. The photocatalytic degradation have been studied with the help of variety of parameters 
such as catalytic dose, dye concentration, pH, contact time and most important chemical oxygen demand. It was observed 
that The photocatalytic degradation of alizarin red dye by using Fe-Co nanoparticles was an effective ,economic, 
ecofriendly and faster mode of removing dye from an aqueous solution. The optimum condition for the degradation of the 
dye was 50 mg/L,pH 8.0, catalyst dose 60 mg/L and contact time 60 minutes. The kinetic studies also have been studied. 

Key words: - Chemical co-precipitation; Photocatalytic degradation, Alizarin red dye; Fe-Co nanoparticles; TEM; SEM 

and XRD. 
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1. INTRODUCTION 

Azo dyes are the largest group of the dyes used for dyeing cotton fabrics in the industry. Cotton is the most widely used 
fabric among all textile materials, hence azo dyes are discharged frequently and in large quantities into the environment.. 
Due to azo dyes poor exhaustion properties as much as 30% of the initial dye applied remains unfixed and end up in 
effluents[1-2]. A necessary criterion for the use these dyes is that they must be highly stable in light and during washing. 
They must also be resistant to microbial attack. Therefore, they are not readily degradable and are typically not removed 
from water by conventional chemical wastewater treatment systems. In the past mainly chemical coagulation follows by 
activated sludge process was adopted to treat textile industrial wastewater. However, azo dyes due to their hydrophilic 
property are not removed by chemical coagulation. In general, physico-chemical coagulation and flocculation produces 
large amount of sludge which pose handling and disposal problems. Alizarin red is dark in color which is used for coloring 
all kind of natural fibers like wool, cotton and silk. It is also used in paints, inks, plastics, leather and cosmetics. However it 
may cause eye irritation, skin irritation, irritation of digestive tract and may be harmful if swallowed [3-4]. The conventional 
biological treatment methods are ineffective for the complete color removal and degradation of organics and dyes. The 
ability of photo catalytic technique to completely degrade organics into CO2 and water without generating any harmful 
byproducts has popular and its role as wastewater purifier. The technique has been widely employed for the photo 
mineralization of a large number of dyes such as methylene blue, direct and acid blue dyes, azo dyes and reactive 
black.6. 

During the past decades, the photocatalytic degradation of dyes in water has been promising techniques.  Fe-Co 
nanoparticles are good magnetic material and used as photo catalyst.. Fe-Co nanoparticles are technologically useful 
material as many dyes were degraded in presence of UV irradiation. Fe-Co nanoparticles  are homogeneously dispersed. 
The focus of the present work is to study the photocatalytic degradation of alizarin red dye by using Fe-Co nanoparticles 
and UV illumination. There are many methods to fabricate Fe-Co nanoparticles like sol–gel method, chemical bath 
deposition method and so on [7-8]. 
In view of the above, we describe our procedure concerning the synthesis of Fe-Co nanoparticles by chemical co-
precipitation method and characterization in first part. And the second part contains the photocatalytic degradation of 
hazardous alizarin red dye. 

2. EXPERIMENTAL DETAILS 

2.1 Materials and methods 

Fe-Co nanoparticles were synthesized by chemical co-precipitation method. Polyethylene Glycol solution was syringed in to a 
three neck flask. Then aqueous solutions of 0.05M Cobalt Nitrate, 0.05M Ferric Chloride were added with constant stirring. 
Sodium Borohydride was added slowly drop wise under vigorous stirring, and the stirring was continued for 5 hours. The 
precipitate obtained was filtered by using Whatman filter paper 41 and precipitates were washed with a deionized water and 
anhydrous ethanol for several times, and dried in an oven at 150 °C for 4 h. and milled, and then Fe-Co nanoparticles were 
obtained [7-9]. For the present investigation water soluble Alizarin red dye, molecular formula C14H8O4, molecular weight (240.21 
g/mole) was selected. 200 mg/L stock solution of alizarin red was prepared in 1000 ml of distilled water. All chemicals were of 
analytical grade and used without purification. In 100 ML of dye solution of desired concentration different catalytic dose added 
and the suspension was irradiated under UV light at different time intervals. The aliquot was taken out with a syringe.  Then 
aliquot was centrifuged and filtered. The concentration of dye solutions were recorded by using UV-VIS. 118 spectrophotometer 
(Systronic) λmax 597 nm. All the experiments were carried out at room temperature.  The % degradation of dye has been 
calculated as: 

                                                      C0 – Ct 

                    % Degradation=     — ----------------- x 100 

  
                                                                  C0  

Where Co is the initial concentration of dye and Ct is the concentration of dye after photo irradiation[10-12]. 

2.2 Instrumentation 

Photo catalytic degradation experiments were carried out in the UV chamber equipped with three UV tubes each of 9W 
(Philips) having a wavelength of 365 nm. A magnetic stirrer was used to ensure uniform mixing of solution in vessel. Prior 
to irradiation the dispersions were magnetically stirred in dark for 15 min. to ensure the establishment of 
adsorption/desorption equilibrium. The pH of solutions was measured using digital pH meter (Systronic) fitted with glass 
electrode which was previously standardized with buffers of known pH in acidic and basic medium respectively. For 
carrying out the COD experiments, reagents were as per standard methods. Usual 2 hrs reflux method was applied for the 
COD determination. Chemical oxygen demand of colored and photocatalysed solution was determined using standard 
method.  
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3. RESULTS AND DISCUSSIONS 

3.1Effect of catalyst dose 

            The effect of photocatalyst concentration on the photodegradation rate of the alizarin red dye was investigated by 
employing different concentration of Fe-Co nanoparticles varying from 0.1 to 1.0gL

-1
. As expected  the photodegradation rate of 

the alizarin red was found to increase, then decrease with the increase in the catalyst concentration (fig-1) this phenomenon may 
be due to the aggregation of Fe-Co particles at high concentration (1.0gL

-1
) causing a decrease in the  

 

Fig. 1. Effect of catalyst dose on percentage removal of alizarin red  by Fe-Co with dye concentration 50ppm with 
contact time of 60 min. pH 8.0. 

number of surface active sites. It is known, however that the scattering light has a practical limit when using high concentration of 
Fe-Co particles, above which the degradation rate will decrease due to the reduction of the photonic flux within irradiated 
solution. It was observed that 0.6 gL

-1
 of    Fe-Co is the optimum dose for efficient degradation of alizarin red dye [13-15]. 

3.2 Effect of dye concentration 

In the typical textile effluent, dye concentration ranges from 15 ppm to 30 ppm. By varying the initial concentration from 
10 ppm to 100 ppm at constant catalyst loading (0.6 gL

-1
, pH 8.0), its effect on the degradation rate could be determined, 

and the results are shown in fig. 2. As seen in the figure, degradation efficiency is inversely affected by the dye 
concentration. This negative effect can be explained as follows; as the dye concentration is increased, the equilibrium 
adsorption of dye on the catalyst surface active sites increases; hence competitive  adsorption of OH

-
 on the same sites 

decreases, meaning a lower formation rate of *OH radical, which is the principal oxidant necessary for a high degradation 
efficiency. On the other hand, considering the Beer-Lambert law, as the initial dye concentration increases, the path length 
of photons entering the solution decreases, resulting in lower photon adsorption on catalyst particles and, consequently, a 
lower photodegradation rate [16].  

 

Fig. 2. Effect of initial dye conc., on percentage removal of alizarin red dye by catalyst dose 0.6gL
-1

 with contact time of 
60 min. pH 8. 
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3.3. Effect of pH 

The photocatalytic degradation of dye was studied at different pH values as it is an important parameter for reaction taking 
place an particulate surface. The role of pH on the rate of pho-tocatalytic degradation of alizarin red dye was studied in the 
pH range 3.0-12 at dye concentration 50 ppm. and catalyst dose 0.6g/L. It is apparent that the rate of degradation of 
alizarin red dye with an increase in the pH values up to 8.0 and beyond 8.0 the rate of photodegradation becomes 
constant. This effect may be attributed to more efficient generation of hydroxyl radical by Fe-Co with an increasing 
concentration of OH

-
 ion upto certain limit. The fact was pH increases onwards 8.1 the repulsion of the dye anion by 

negatively charged Fe-Co surface would result in reduction in efficiency of photodegradation of Alizarin red dye[17].   

 

Fig.3. Effect of pH on percentage removal of alizarin red dye by Fe-Co Catalyst dose 0.6g/L with dye concentration 
50ppm and contact time of 60 min. 

3.4. Effect of contact time 

The effect of contact time for the removal of alizarin red dye by Fe-Co nanoparticles was shown in Figure 4. The dye was 
rapidly degraded in the first 60 minutes and then degradation rate decreased gradually and reached equilibrium in about 
140 min. At the beginning, degradation rate was fast as the dye ions were adsorbed by the exterior onto the pores of the 
adsorbent Fe-Co and were adsorbed by the interior surface of particle. This phenomenon takes a relatively long contact 
time[18].  

 

 

Fig. 4. Effect of contact time on alizarin red dye by catalyst dose 0.6 g/L at pH 8..0. 

3.5. Effect of electron acceptor 

It is observed that molar H2O2 concentration is key factor that can significantly influence the degradation of alizarin red dye 
because H2O2 concentration is directly related to the no. of OH

-
radicals generated in the photoassisted reaction. The 

degradation rate of alizarin red dye increases as the H2O2 concentration increases until critical H2O2 concentration is 
achieved. When using a higher H2O2 molar concentration, the further generation of OH

-
 radical in aqueous solution is 

expressed by following Eq. (1). 

                 H2O2 + OH
-
 → HO2 + H2O (1) 

Thus, experiments were conducted with different amount of H2O2 ranging from 1 mg/L to 10 mg/L at fixed pH 8.0, dye 
concentration 50 mg/L and catalyst dose 60 mg/L. It is apparent that rate of degradation is markedly enhanced in the 
presence of H2O2 additive. H2O2 is not only known to inhibit the electron-hole recombination process, but also generates 
hydroxyl radicals on abstraction of an electron from the conduction band. 

H2O2 + e
-
cb → OH

-
 + OH

-
      ------------ (2) 
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It was found that the critical molar H2O2 concentration for the degradation of alizarin red dye is 4 mg/L, the degradation of 
efficiency remains constant. This is due to hydroxyl radical scavenging effect of H2O2. 

H2O2 + OH
-
 → HO2 + H2O   ----------- (3) 

 HO2 + OH
-
 → H2O + O2      ------------ (4) 

3.6. Chemical oxygen demand (COD) 

The chemical oxygen demand test is widely used as an effective technique to measure the organic strength of 
wastewater. The test allow to measurement of waste in terms of total quantity of oxygen required for the oxidation of 
organic matters to CO2 and H2O. In the present work results of chemical oxygen demand were taken as one of the 
parameter to judge the feasibility of photochemical process for the degradation of alizarin red dye solution. In 
photocatalytic experiments, alizarin red dye (100 mL) and the catalyst dose 60 mg/L have taken in a photochemical 
reactor and exposed to UV light for 60 minutes. Dye sample about 2-3 mL were taken out at regular interval from the test 
solution centrifugal at 15-20 minutes and absorbance were recorded at 597 nm. Comparison of the COD value of the initial 
dye solution with, photocatalysed solution indicates the COD values were substantially reduced. It is observed that the 
COD values show significant decrease from 1320 to 325 mg/L indicating good potential of employing photocatalyst 
technique. The pho-todegradation efficiency was found to be nearby 80% (Table I)[18-19]. 

Table I. The COD values before and after dye degradation as shown below. 

Time (min) Before treatment 
(mg/L) 

After treatment 
(mg/L) 

15 1320 1060 

30 995 895 

45 683 584 

60 573 480 

75 405 365 

90 371 325 
 

4. CHARACTERIZATION 

4.1. SEM analysis 

The SEM images are shown in fig. 5.  The observed larger particles exhibited numerous spherical  

perturbances on the surface suggesting that they were formed during the precipitation process through fusion of much 
smaller particles.the prepared products were agglomerated. 

 

Fig.5 The SEM micrograph of Fe-Co Nanoparticles. 

 

Fig.6 the SEM micrograph of Fe-Co Nanoparticles after photocatalytic degradation. 
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4.2. EDAX analysis 

The EDAX of the Fe-Co nano particles are shown in the fig.7. This provides the conformation of Fe-Co. Apart from Fe and 
Co carbon and oxygen peaks are also observed in the EDAX spectrum. Presence of carbon protects them from  ambient 

oxidation. 

 

Fig.7. EDAX of the Fe-Co nanoparticles 

4.3. TEM analysis 

Fig.8. shows the TEM images of Fe-Co nanoparticles with good dispertion and size around 20nm. Analysis of the TEM 
images indicates the nanoparticles are monodisperse with nano size distribution (7%). 

  

              

 

 

 

 

 

 

Fig.8. TEM image of Fe-Co nanoparticles 

4.4. XRD analysis 

X-ray diffraction peaks in Fig. 9. are correctly indexed to body centered cubic (bcc) structure of Fe-Co alloy. According to 
the Debye–Scherrer formula 

                                    D=Kλ/βcosθ 

where K is the Scherrer constant, λ the X-ray wavelength, β the peak width of half-maximum, and θ is the Bragg diffraction 
angle. The average crystallite size D is 20 nm calculated using the Debye–Scherrer formula, which is very close to the 
size determined by statistical analysis of TEM images. 

 

Fig.9. XRD of Fe-Co nanoparticles 
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5. Kinetic Study 

5.1. Pseudo first order equation 

The pseudo first order equation is generally expressed as 

        log (qc-qt) = qc-k1/2.303-------------------(1) 

where qe (mg/g) and q t (mg/g) are the adsorption capacity at equilibrium and at time t respectively. k1 is the rate constant 
of pseudo first order (min

-1
). The plot of log(qe — q t) versus t gives linear relationship from which can be determined from 

the slope and intercept of the plot respectively (Fig. 10) The linear relationship of the plot for 20 to 50 mg/L. The 
concentration indicates the validity of equation. The k1 values calculated from slope are presented in Table II. 

5.2. Pseudo second order equation 

The pseudo second order equation is expressed as, 

            t/qt =1/K2qe
 
+ t/qe and h=K2qe

2
……………………………………………………… (2) 

           Here K2 is rate constant of second order  

The plot of t/q t versus t gives linear relationship from which qe and k2 can be determined from the slope and intercept 
respectively. The data showed that good compliance with pseudo first order kinetics model presented in Table II and 
Figure 11. 

Table II.comparision of the pseudo first order and the pseudo second order adsorption rate constants and 
calculated and experimental qe values for different initial concentrations. 

     

  Initial   Pseudo first order 

Adsorbent concentration Qe (exp.) Qe (cal)                  k,   

dose (g/L) 

 

(mg/L) (mg/g) (mg/g)                (min-
1
 r

2
 

 20 2.22 2.51                 0.0092              0.955 

6 30 3.21 2.51                 0.0115 0.969 

 40 3.73 2.24                 0.0092 0.960 

  50 4.57 2
08                  0.0092 

0.947 

  Initial    Pseudo Second order   

Adsorbent concentration Qe (exp.) Qe (cal)                  k2   

dose (g/L) (mg/L) (mg/g) (mg/g)                (min-
1
 r

2
 

 20 2.22 2.020               0.0245 0.959 

6 30 3.154 3.15                 0.0116    0.909 

 40 5.05 5.050               0.049 0.846 

  50 6.85 4.57                0.00304 0.749 

     

         

 

Fig.10. Pseudo 1
st

 order kinetics of alizarin red with catalyst dose 0.6gm/L at pH 8. 
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Fig.11. Pseudo 2nd order kinetics of alizarin red with catalyst dose 0.6gm/L at pH 8. 

6. CONCLUSIONS 

Photocatalytic degradation using prepared nanosized FRe-Co and UV light was successfully applied for degradation and 
mineralization of alizarin red dye. The degradation rule was increased significantly by increasing the amount of 
photocatalyst, while on increasing dye concentration decolorisation deacreases alkaline pH condition were found to be 
significantly attend the dye degradation. The XRD study shows utilized Fe-Co was nanosized and porous in nature by 
SEM. The kinetic study shows that reaction well fitted with pseudo first order model. The maximum degradation efficiency 
of dye achieved with the concentration of UV + H2O2 + Fe-Co. The photodegradation efficiency of alizarin red dye is 90% . 
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