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Abstract: -- α-Fe2O3 nanopowder was prepared by solution combustion synthesis using ferric nitrate as oxidiser and 

oxalyldihydrazide (ODH) as fuel. The characterization of the nanopowder was done by powder X-ray diffraction (PXRD), Fourier 

transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM). The potential of the nanopowder in the 

adsorption of Acid Red 97 dye was carried out at room temperature. The effect of parameters such as the adsorbent dosage, 

contact time and initial dye concentration was studied. Isotherm and kinetic studies were employed to analyze the adsorption data. 

The nanopowder was effective in removal of 20 ppm dye solution. The adsorption efficiency decreased as the initial concentration 

of the dye solution increased. The adsorption followed pseudo-first order kinetics and obeyed Dubinin-Radushkevich and Temkin 

adsorption isotherms. 

 

Index Terms— Solution Combustion Synthesis, α-Fe2O3 Nanopowder, Acid Red 97, Adsorption Isotherms, Adsorption Kinetics..  

 

 
I. INTRODUCTION 

 

Azo dyes are synthetic, coloured, organic compounds 

characterized by the presence of one or more azo groups 

(−N═O). Large amount of these dyes are synthesized 

worldwide and are used in various fields. However, about 

15% of this total world production is usually lost during 

synthesis and processing steps. Hence, azo dyes are present 

in appreciable amounts in wastewater released from textile 

mills and dyestuff industries. The presence of these azo dyes 

in the wastewater poses a major threat to the surrounding 

ecosystems due to their non-biodegradable nature, toxicity 

and carcinogenic nature [1-3]. Various techniques available 

for dyes from wastewater include biological treatment, 

electroflocculation, filtration, adsorption, photocatalytic 

degradation etc. Among these techniques adsorption has 

attracted the attention of a large number of researchers 

across the globe. Activated carbon is the most widely used 

adsorbent material. However, its use is limited because of its 

expensive nature and also the requirement of additional 

effluent which adds up to the operational costs. Hence, the 

development of less expensive adsorbent materials for the 

removal of dyes and other pollutants from water is one of 

the major challenges faced by environmental engineering. 

Several low cost materials have been used by researchers for 

this purpose. Some of these materials include rice husk, 

clay, barks of trees, orange peel, apple pomace, wood, fly 

ash etc. In order, to get the adsorbent of required porosity 

and surface area, proper processing procedure has to be 

adopted which is the main drawback of these low cost 

adsorbents[4-7].  α-Fe2O3 nanoparticles exhibit unique 

properties such as superparamagnetism, high saturation 

fields and extra anisotropy contributions. These properties 

are the result of their finite size and large surface area. 

These properties make them useful materials in areas such 

as catalysis, magnetism, electrochemistry, biotechnology 

etc. [8-12].  

Various methods have been employed by researchers for the 

preparation of α-Fe2O3 nanopowder. These methods 

include electrochemical anodization, surfactant-assisted 

solution method, hydrothermal method, sol-gel and solid 

state reaction method.  Most of these methods suffer from 

various drawbacks such as long reaction times, requirement 

of high temperature etc. [13]. Solution combustion synthesis 

is an important method for the preparation of high purity 

nanomaterials such as oxides, silicates, chromates etc. in a 

short period of time. Further, the nanopowders possess high 

degree of crystallinity[14]. In the present study, α-Fe2O3 

nanopowder was prepared by solution combustion synthesis 

and characterized by powder X-ray diffraction (PXRD), 

Fourier transform infrared spectroscopy (FTIR) and 

scanning electron microscopy (SEM). The potential of the 

nanopowder as an adsorbent for the removal of the dye Acid 

Red 97 (AR 97) from its aqueous solution was studied. The 

effect of parameters such as adsorbent dosage, contact time 
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and initial dye concentration was also studied. The 

adsorbent data was analyzed by isotherm and kinetic 

models. α-Fe2O3 acted as good adsorbent for the removal of 

AR 97 from its aqueous solution  

 

II. EXPERIMENTAL DETAILS 

 

A. Preparation and Characterization of α-Fe2O3  

Nanopowder  

The preparation of α-Fe2O3 nanopowder involved the use of 

ferric nitrate, Fe(NO3)3.9H2O as oxidizer and 

oxalyldihydrazide (ODH), C2H6N4O2 as fuel. Ferric nitrate 

was taken in a crystallizing dish of approximately 300 mL 

capacity and dissolved in minimum amount of double 

distilled water followed by the addition of appropriate 

amount of ODH. The mixture was stirred magnetically for 

about 10 minutes and the crystallizing dish was placed on a 

hot plate to remove the excess water. It was then introduced 

into a muffle furnace maintained at around 350°C.  The 

reaction mixture first dehydrated, ignited at one spot and 

then burnt to yield the nanopowder. The combustion was 

completed in few minutes. The formation of the 

nanopowder can be represented by Equation 1[15]. 

2Fe(NO3)3(aq)  + 3C2H6N4O2(s)                   

Fe2O3(s)+ 6CO2(g) + 9N2(g) + 9H2 O(g)                            (1) 

 

The PXRD pattern of the nanopowder was recorded with the 

help of a Philips X-ray diffractometer (PW/1050/70/76) 

using Cu Kα radiation (λ = 1.542A°) at 30 kV and 20 mA 

with Ni filter. Scherer’s formula  (Equation 2) was used to 

calculate the mean crystallite size of the nanopowder[16].  

   
  

     
                                                                         (2)   

where D is the mean crystallite size, k is a constant, λ is the 

wavelength of the X-rays used, β is the full width at half 

maximum (FWHM) and θ is the Bragg’s angle. The FTIR 

spectrum of the nanopowder was recorded with the help of  

the Nicollet IMPACT 400 D FTIR spectrometer from 300 to 

4000 cm
–1

 with KBr as the reference sample. The SEM 

micrograph of the nanopowder was recorded by using the  

JEOL (JSM-840A) scanning electron microscope. 

 

B. Adsorption of Acid Red 97 by the Nanopowder 

AR 97 is an anionic azo dye with molecular formula 

C32H20N4O8S2Na2 and molecular mass equal to 698.66 gmol
-

1
. Chemically,  it is 1,1’-Biphenyl]-2,2’-disulfonicacid, 4,4’-

bis[(2-hydroxy-naphthalenyl)azo]-disodiumsalt. It is readily 

soluble in water and exhibits hazardous and carcinogenic 

effects. Fig. 1 and 2 represent the structure and absorption 

spectrum of AR 97 respectively. The maximum absorbance 

was observed at 512 nm. 

Three different initial concentrations of AR 97 viz., 20, 40 

and 60 ppm were used in the batch adsorption experiments. 

Double distilled water was used throughout the experiments. 

The batch adsorption experiments were performed at room 

temperature. 50 mL of the dye solution was taken in a 500 

mL beaker and appropriate amount of the nanopowder was 

added to it. The mixture was stirred magnetically in the dark 

for 30 minutes, centrifuged at 3000 rpm for 10 minutes 

using the Kemi C8C centrifuge and then the UV-visible 

spectrum of the supernatant was recorded between 350 and 

700 nm using the ELICO SL - 159 spectrophotometer. The 

dosage of the adsorbent was varied from 0.1 to 1.4 gL
-1

 of 

the dye solution. The percentage dye removal was 

calculated using Equation 3 [17].  

               
      

  
                          (3) 

where Co and Ce are the initial and equilibrium 

concentrations of the dye solution.  

The optimum adsorbent dosage was determined from the 

plot of Ce/C0 versus the amount of the nanopowder. The 

optimum contact time was determined as follows. 100 mL 

of the dye solution was taken in the 500 mL beaker, 

optimum amount of the adsorbent was added to it and the 

mixture was stirred magnetically in the dark. A small 

aliquot of the mixture was taken out after every 5 minutes, 

centrifuged and the UV-visible spectrum of the supernatant 

was recorded as described earlier. The optimum contact 

time was determined from the Ce/C0 versus the contact time. 

The experiments were performed for all the three initial 

concentrations of the dye solution. 

The amount of dye adsorbed on the nanopowder (q) was 

calculated by using Equation 4 [18].  

    
      

 
     

                                                       

(4)

                                  where V is the volume of the solution (L) and m is the mass 

of the adsorbent (g).  

 
Fig. 1 Structure of Acid Red 97 dye 

 
Fig. 2 Absorption spectrum of Acid Red 97 dye 
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III. RESULTS AND DISCUSSION 

 

A. Characterization Results 

The PXRD pattern of the nanopowder is depicted in Fig. 3. 

The peaks in the PXRD pattern were attributed to the 

hexagonal phase of α-Fe2O3 with JCPDS file number: 84–

0311 [19].  The  PXRD pattern indicated high degree of 

crystallinity with no impurity peaks.  The mean crystallite 

size was found to be 25 nm. Fig. 4 illustrates the FTIR 

spectrum of the nanopowder. The peaks around 416 and 542 

cm
-1

 were attributed to the stretching vibrations of the Fe-O 

bond. The peak at around 3400 cm
-1

 was assigned to the –

OH group of water adsorbed on the surface of the 

nanopowder [20]. The SEM micrograph of the nanopowder 

(Fig. 5) indicated that the particles were highly 

agglomerated with a number of voids. The heat liberated 

during the combustion process is a vital factor in controlling 

the crystal growth. The agglomeration of the particles is 

usually considered as a common way of by which the 

nanoparticles minimize their free energy. Further, the 

liberation of gases during the combustion process resulted in 

the formation of voids [21]. 
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Fig. 3 PXRD pattern of the nanopowder 
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Fig. 4  FTIR spectrum of the nanopowder 

 
Fig. 5 SEM micrograph of the nanopowder 

 

B. Adsorption Results  

Fig. 6 depicts the effect of adsorbent dosage on the 

adsorption of AR 97 by the nanopowder. The adsorption 

increased with adsorbent dosage upto an optimum value and 

thereafter remained almost constant. This is because 

increase in adsorption increased the number of active sites 

available for adsorption of the dye molecules. Beyond the 

optimum dosage, there was negligible increase in adsorption 

due to the attainment of adsorption-desorption equilibrium. 

The optimum adsorbent dosage was found to be 0.9gL
-1

. 

The effect of contact on the rate of adsorption is illustrated 

in Fig. 7. The adsorption increased with increase in contact 

time upto the optimum value and then remained almost 

constant. The optimum contact time was found to be 35 

minutes. Table 1 describes the summary of the results for 

the adsorption of AR 97 by the nanopowder. 

Table 1 Summary of results for the adsorption of AR 97 by 

the nanopowder 

Initial dye 

concentration 

(ppm) 

Optimum 

adsorbent 

dosage (gL
-1

) 

Optimum 

contact 

time (min) 

% dye 

removal 

20 0.9 35 76.39 

40 0.9 35 64.54 

60 0.9 35 59.53 

 
Fig. 6 Effect of adsorbent dosage on the adsorption of AR 

97by the nanopowder 
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Fig. 7 Effect of contact time on the adsorption of AR 97 by 

the nanopowder 

C. Adsorption Isotherms 

The adsorption data was analysed by applying four 

adsorption isotherm: Langmuir, Freundlich, Dubinin-

Radushkevich (D – R) and Temkin. Table 2 illustrates the 

linear forms of these adsorption isotherms. The adsorption 

obeyed Dubinin-Radushkevich and Temkin adsorption 

isotherms (Table 3) as depicted in Fig. 8 and 9. The values 

of adsorption energy (E) were more than 16 kJmol
-1

 which 

indicated that adsorption was chemical in nature. Hence it 

was concluded that there were interactions between the 

adsorbent and the adsorbate molecules [22-25]. 

 

Table 2 Linear forms of the four adsorption isotherms 

 

 

Table 3 Dubinin -Radushkevich  and Temkin isotherm 

parameters for the removal of AR 97 by the nanopowder 

Adsorption 

isotherm 

Parame

ter 

20 ppm 40 ppm 60 ppm 

Dubinin 

-

Radushkevi

ch 

Q0  

(mgg
-1

) 

1.64 2.14 2.36 

KDR -3.16E(-

6) 

-2.64E(-

6) 

-6.89E(-

5) 

E  

(kJmol
-

1
)  

397.62 137.39 85.15 

R
2
 0.9075 0.91 0.89 

Temkin BT  

(kJmol
-

1
) 

2.1119 4.01 4.76 

KT  

(Lg
-1

) 

0.5730 0.35 0.28 

R
2
 0.9010 0.93 0.93 

 

 
Fig. 8 Dubinin-Radushkevich adsorption isotherm 

 
Fig. 9 Temkin adsorption isotherm 

3.4. Adsorption Kinetics 

Adsorption kinetic models were applied to the adsorption 

data to find the rate determining step in the process. Four 

kinetic models: the pseudo-first order, the pseudo-second 

order, the intraparticle diffusion (IPD) and the Elovich 

models were used. Table 4 represents the linear forms of the 

four kinetic models. As depicted in Fig. 10 the pseudo-first 

order model provided the best fit for the process (Table 5). 

The adsorption was assumed to occur in two steps; a fast 

first step and a slo second step [26-29]. 
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Table 4 Linear forms of the four kinetic models 

 

 

 
Figure 10 Pseudo-first order kinetic model 

      

Table 5 Pseudo-firsrt order kinetic results for the 

adsorption of AR 97 by the nanopowder 

Parameter 20 ppm 40 ppm 60 ppm 

K1 (min
-1

) 0.1426 0.1269 0.1248 

R
2
 0.9143 0.9636 0.9377 

 

IV. CONCLUSION 

 

α-Fe2O3 nanopowder was successfully synthesized by 

solution combustion method. The nanopowder was used as 

adsorbent for the removal of Acid Red 97 from its aqueous 

solution. The nanopowder acted as an effective adsorbent 

for the removal of the dye. It can be used as adsorbent for 

effective removal of other azo dyes from textile mill, paper 

mill and other industrial effluents.  
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