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Abstract 

        The nano-particle rare-earth substituted copper ferrites CuRExFe2-xO4 (where, RE = Nd, Sm and Ho and 

x = 0.1 and 0.2) have been synthesized by tartarate co-precipitation method. The preparation processes were 

monitored by thermal studies and FTIR. The thermal decomposition studies of the precursor’s show that all 

the complexes dehydrate and decompose in the temperature range 30 to 600oC to produce nearly nanometer 

sized ferrite materials. The bi-dentate linkage of tartarate group with metal was confirmed on the basis of the 

difference between the anti-symmetric and symmetric starching IR frequencies. The ferrite samples are 

characterized by chemical analysis, XRD, FTIR, SEM-EDAX and       UV-DRS methods. X-ray diffraction 

analysis reveals the formation of cubic spinel structure in all the ferrites samples. Morphology of the samples 

was investigated by a SEM. Rare-earth substituted CuFe2O4 samples exhibit the average crystallite size of all 

ferrites powders ranges from 26.2 nm to 38.4 nm. The photo-catalytic activity of all the nano-ferrites was 

evaluated by the degradation of methylene blue (MB) dye and it was observed that the degradation of MB 

dye takes place at pH-10. Among the all doped copper ferrite, CuFe1.9Ho0.1O4 showed best photo-catalytic 

activity towards the degradation of MB. 
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1. Introduction: 

 Ferrites or ferromagnetic oxides (also known as ceramics containing compounds of iron) are dark 

brown or gray in appearance and very hard and brittle in physical character. They are prepared by heat-

treating various transition metal oxides or alkaline earth oxides with the ferric oxides [1]. The magnetic 

behavior exhibited by the ferrites is quite different form ferromagnetism that is showed by metallic 

materials.  Hydro- thermal, sol-gel, micro emulsion, precursor are the some chemical method used in 

preparation of ferrite nano particles [2]. Spinel structure ferrites having material that has high frequency 

applications.Ferrite thin film exhibits a verity of spin wave phenomenon, which is used in microwave 

process.Metal film having low conductivity than thin films ferrite which having spinel structure because 

of this they are used as high frequency [3].   

The present paper is devoted to the synthesis of nano-particle rare-earth substituted CuFe2O4 using 

tartarate precursor-new techniques. Recent studies have shown that the magnetic behaviour of nano 

particles is of considerable interest both from a scientific and practical point of view[4]. This is due to 
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small volume and high surface / volume ratio. When disorder is introduced in the spinel lattice through 

dilution by non-magnetic ions (like rare-earths) in CuFe2O4 in order to induce grain size reduction. 

Therefore, the substitution of a relatively small amount of rare-earth ion, important modifications in 

structural, electrical and magnetic properties can be obtained. In present work we will be reporting the 

results concerning the influence of rare-earths (i.e. Nd3+, Sm3+, and Ho3+ with x=0.1 and 0.2) substitution 

in CuFe2O4  

The pollutants from industrial wastewater can be classified into two main categories: a) inorganic 

pollutants which are mainly metal and non-metal ions and b) organic pollutants which consist of variety of 

organic compounds. Waste water from industries particularly related to the production and utilization of 

organic compounds consists of high concentration of organic compounds, which may be toxic in nature, and 

therefore are required to be removed to avoid environmental damage [5]. These organic compounds mainly 

are pesticides, dyes, pharmaceuticals, polymers, and plastics, and many of them are often toxic to living 

being. These compounds in water result into adverse effects on aquatic and also on terrestrial organisms. 

These compounds contaminate natural water sources and leads to the changes in the ecological system [6]. 

The degradation products of some of the pollutants are more toxic compared to the original compounds, 

which increases their impacts on environment [7-8]. 

2. Experimental: 

2.1 Synthesis of rare- earth substituted copper ferrite 

The copper ferrite and RE doped ferrites of CuFe2O4 with Sm(III) ,Nd(III) and Ho (III) were 

obtained by precursors method. The tartarate precursors of respective ferrites were prepared by co-

precipitation method. The salts of metal used were FeSO4•6H2O and CuSO4•5H2O. The metal salts were 

weighed in molar proportion as per the molecular formula of the ferrite, dissolved in 250 mL water and 

heated to obtain clear solution. The solution of 3 mole proportion of sodium tartarate was prepared 

separately in water and added drop wise into metal salt solution with constant stirring. Solution was stirred 

on hot plate for 2 hr which resulted into the formation of precipitate. To the precipitate requisite quantity of 

acetone was added and filtered through Whatman-42. Precipitate was washed with distilled water followed 

by acetone and then dried under IR lamp. The dried precipitate was weighed and then ignited in silica 

crucible on Bunsen burner or 1 h. The oxide obtained was ground to fine powder in Agate mortar for 1h and 

finally annealed in muffle furnace at 600 °C for 3 hr.  

2.2 Characterization technique: 

In thermogravimtric analysis (TGA) precursors are heated a controlled rate (5°C per min.) and 

weight loss is determined as a function of temperature. It gives the account of the weight loss of precursor at 

different temperatures. From thermogram,  percent weight loss at different stages of weight loss are 

calculated and can be attributed to particular chemical reaction taking place in the precursor. 

Termogravimetric analysis of precursors was performed to obtain the decomposition temperature of 

precursors. The infrared spectra of precursor were recorded in the region 4000– 400 cm-1 on the Bruker 

Tensor 37 FTIR-ATR spectrophotometer. FT-IR is a particularly useful for taking spectra of low 
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concentration samples and in cases where spectrum must be obtained rapidly. Metal content in all ferrite 

samples was analysed by chemical methods analysis as described in Vogel [9]. Fe(III) was analysed by 

gravimetric method as Fe2O3, Cu(II) by volumetric method as, while rare earth by gravimetric method. The 

elements in as synthesized ferrites were confirmed by EDS analysis. Energy dispersion X-ray analysis 

instrument is used in combination with electron microscope, to perform quantitative and qualitative analysis 

of elements. Energy and wavelength is a characteristic of element which varies with each element. This 

makes the identification of element possible with EDS. X-ray were catching in the detector which provides 

the data regarding the elements types and content ratio. The elemental analysis of the samples were carried 

out on a scanning electron microscope (Leica Cambridge 440) operating at 20 kV and equipped with an 

energy dispersive X-ray analyzer. Samples were prepared by gold sputtering finely ground powder 

specimens. Point EDAX analysis of powder particles were performed using manganese as a reference 

standard. 

Band provides the information regarding the light absorption characteristics of the ferrite. It was 

determined by recording Diffuse Reflectance Spectra of the ferrite in absorbance mode. The finely powdered 

photocatalyst was packed into the cell (holder) appropriately and diffuse reflectance UV-Visible spectra 

were recorded in absorbance mode over the range 200 to 800 nm. From absorbance spectrum band gap was 

obtained by graphical method. The plot of A2 against energy was plotted. The intercept of vertical portion in 

graph to energy axis gives the band gap of material. For SEM measurements, samples were ground to fine 

powders and packed in SEM sample holder for its analysis. Phillips-XL-30 model for SEM was used in 

studies. Crystal structure of powdered ferrites was analyzed by the powder X-ray diffraction method. X-rays 

are the very high energy short wavelength electromagnetic radiations ( = 1 to 10 


A ) which are used in the 

powder XRD. The analysis of XRD spectra of the ferrites was done by comparing the experimental‘d’ 

values (inter planar distance) calculated from x-ray diffractogram of ferrite and comparing it with 

appropriate JCPDS data file. Porosity of the photocatalysts was determined from X-ray density and apparent 

density. 

3 Results and Discussion: 

 3.1 Synthesis of Precursor  

The metal tartarate precursor was prepared from the reaction between metal ion solutions and sodium 

tartarate in solution state. When metal ion solution and sodium tartarate were mixed inappropriate proportion 

and it resulted into the formation of precipitation, 

  OXHOHCCuFeOHCNaIIIFeIICu 23664266423)(2)(   

3.2 Fourier transforms infra-red spectroscopy (FT-IR) 

The precursors were analyzed by FTIR spectroscopy. The following figure represents the FTIR 

spectra of precursor for cupper ferrite.  

http://www.jetir.org/


© 2019 JETIR May 2019, Volume 6, Issue 5                                                            www.jetir.org (ISSN-2349-5162) 

JETIRCP06049 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 269 
 

  

The infrared spectra in the range 1117-1045 cm-1 does not show any significant differences between 

tartaric acid and the complex compound (i.e. precursor). From these results, it can be suggested that there is 

no bonding with free C-OH group to metal in solid state [10-12]. Other bands which are all combination 

band may be assigned to the different normal modes of vibrations of carboxylate group [13]. The υ(M-O) 

vibrations have been identified for this precursor. They would suggest a six-coordinate environment for the 

metal ion in the complex [14-15].  The insolubility of this precursor in both polar and non-polar solvents 

would suggest the presence of polymeric octahedral structure [16]. 

3.3 Thermal analysis: 

Thermal decomposition of precursors was recorded on Mattler TA 4000 instrument or perkin-Elmer 

(Delta Series TGA) instrument. Simultaneous thermogravimetric analysis (TGA) and differential thermal 

analysis (DTA) were done under static air atmosphere. All experiments were carried out under the identical 

conditions. The following figure shows the TGA and DTA curves of the tartarate precursors 

(CuFe2(C4H4O6)3
.8H2O. 

 

for CuFe2(C4H4O6)3
.6.5H2O, the DTA curves had peak at 123oC (endothermic peak). TGA curve show 

weight loss between 30-212oC corresponding to dehydration step i.e. loss of water molecules (Req., 15.89 
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%; Found 16.60 %). There was a sharp peak at 253oC in the DTA curves, corresponding to oxidative 

decomposition of CuFe2(C4H4O6)3 to CuFe2O4 [Fig. 3(b)].  The TGA curve showed one step of mass loss 

within the temperature range 212-600oC corresponding to the formation of copper ferrite (CuFe2O4) as final 

product. The observed mass loss was found to be in good agreement with the formation of copper ferrite 

(Req., 52.62 %; Found 53.17 %). The thermal decomposition reaction of tartarate precursor may be written 

as follows: 

  OH 6.5 + )OH(CCuFe        O.6.5H)OH(CCuFe 236442

 C212 - 30

236442

o

 

  OH 2H2C4CO4CO + OCuFe        )OH(CCuFe 242232

 C600-212 

36442

o

 

3.4 Composition of ferrites by Chemical Analysis: 

chemical analysis of copper ferrites and doped copper ferrites was performed for Fe(III), Cu(II) and  RE(III) 

metal ions (Where, RE(III) = Nd(III), Sm(III) and Ho(III)). The % content of these metal ions in different 

ferrite is recorded in table 3.1 

Table 3.1 Percent content of metal ions in Copper Ferrites and doped Copper Ferrite 

Ferrite 

Percentage of Fe(III) Percentage of Ni(II) 
Percentage of 

Dopant 

Observed 

(%) 

Expected 

(%) 

Observed                                                                                                                                                                                                                   

(%) 

Expected

(%) 

Observ

ed(%) 

Expected

(%) 

CuFe2O4 44.76 46.69 26.31 26.56 ---- 00.00 

Nd0.1CuFe1.9O4 44.12 42.77 26.50 25.62 5.996 05.81 

Nd0.2CuFe1.8O4 38.73 39.13 24.79 24.73 11.11 11.23 

Sm0.1CuFe1.9O4 43.21 42.67 25.01 25.55 6.03 05.80 

Sm0.2CuFe1.8O4 38.93 38.94 24.60 24.62 11.39 11.18 

Ho0.1CuFe1.9O4 38.93 42.42 25.25 25.40 6.46 05.77 

Ho0.2CuFe1.8O4 35.32 38.51 24.03 24.34 12.46 11.05 

3.5  Energy Dispersive Spectroscopy: 

The presence of different elements in as synthesized ferrites was confirmed by EDS analysis. 

Particularly it is important for RE(III) metal ions. EDS of the ferrites confirmed the presence of different 

elements as per their composition. The result obtained for EDS is shown in following figures 
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3.6 X-ray powder diffraction analysis of Ferrites: 

Powder XRD patterns of synthesized ferrites were recorded and analysed for 2Ѳ and d values. From 

2Ѳ and d values, planes in crystalline phase were assigned. From planes in crystalline phase was identified. 

The typical XRD of ferrites are represented in figure- 
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First line for CuFe2O4, Then Nd0.1CuFe1.9O4, Nd0.2CuFe1.8O4, Sm0.1CuFe1.9O4, Sm0.2CuFe1.8O4 , 

Ho0.1CuFe1.9O4, Ho0.2CuFe1.8O4 respectively. 

Table 3.2  Crystal parameter of copper and doped copper ferrite 

Sr. 

No. 
Ferrite a (



A ) 

 

c (


A ) 

Crystal 

Volume 

 

X-ray 

density 

g/cm3 

Bulk 

density 

g/cm3 

 

Porosity 

 

Crystallite 

size (nm) 

1 CuFe2O4 5.845 8.631 294.87 5.388 2.68 0.503 38.04  

2 Nd0.1CuFe1.9O4 5.847 8.634 295.17 5.581 2.71 0.514 34.23 

3 Nd0.2CuFe1.8O4 5.849 8.636 295.44 5.774 2.78 0.519 30.21 

4 Sm0.1CuFe1.9O4 5.848 8.635 295.31 5.593 2.86 0.489 32.43 

5 Sm0.2CuFe1.8O4 5.85 8.641 295.72 5.797 2.92 0.496 27.83 

6 Ho0.1CuFe1.9O4 5.849 8.645 295.75 5.617 2.97 0.471 31.15 

7 Ho0.2CuFe1.8O4 5.852 8.648 296.16 5.854 3.04 0.481 26.22 

8                                                                                                                                     JCPDS 5.846 8.6304 294.95 5.387   ---- 
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3.7 Band Gap: 

 The band gaps of as synthesized ferrites were determined from diffuse absorbance spectra recorded 

in solid state. From diffuse absorbance spectra the graph A2 against energy of all copper ferrites as well as 

doped copper are represented in following Fig. 

 

Band gap of CuFe2O4 was found to be 1.71 eV. Like nickel ferrite series much more effect of doping 

of RE in CuFe2O4 on band gap was not observed. All RE doped CuFe2O4 showed band gap around 1.70 eV 

(Table 3.9). 

Table: 3.3 Band gap of ferrites 

Ferrite Band Gap (eV) 

CuFe2O4 1.71 

Nd0.1CuFe1.9O4 1.65 

Nd0.2CuFe1.8O4 1.68 

Sm0.1CuFe1.9O4 1.67 

Sm0.2CuFe1.8O4 1.67 

Ho0.1CuFe1.9O4 1.68 

Ho0.2CuFe1.8O4 1.66 

3.8 Surface Morphology by FFSEM: 

FESEM images of copper ferrite shows very high agglomeration of crystallite into mixed shaped 

grains and it is reflected in terms of very high grain size than that of crystallite sizes. Grain sizes are found 

from 30 nm to 200 nm for same ferrite material.  
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3. 9 Specific Surface Area:   

In present study we have determined specific surface area by from observed crystallite size and X-ray 

density of ferrite. 
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Table.3.4 Surface area by BET Method 

Ferrite Sp. Surface Area 

CuFe2O4 29.54 

Nd0.1CuFe1.9O4 52.45 

Nd0.2CuFe1.8O4 56.75 

Sm0.1CuFe1.9O4 44.78 

Sm0.2CuFe1.8O4 47.08 

Ho0.1CuFe1.9O4 31.78 

Ho0.2CuFe1.8O4 32.04 

3.10 Photo-catalytic activity: 

To study the photo-catalytic activity study of effect of pH, amount of frrite material, kinetics was studied 

by using methylene blue dye solution.  Best pH for photocatalytic degradation of methylene blue is 10. 

Best photocatalytic activity is observed at 75 mg per 100 ml dye solution at pH 10. Among the doped copper 

ferrite CuFe1.9Ho0.1O4 showed best photocatalytic activity towards the degradation of methylene blue. The 

results of photoactivity of ferrites are shown in following tables. 

Fig  Effect of pH on % decolonization of MB using CuFe2O4 as photocatalyst 
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Fig. Effect of dose on % decolonization of MB using CuFe2O4 as photocatalyst 

 

Fig.  Effect of RE(III) doping in CuFe2O4 on % decolonization of MB 

 

 

 

Fig. Absorbance spectra of dye solution at different time interval during kinetics study using 

CuFe1.9Ho0.1O4 
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4. Conclusion:   

The present investigation shows that the tartarate precursor method is capable of giving fine particles 

as compared to the conventional method. It is possible to obtain a wider range of properties. The possibility 

of low relative loss factor over a larger frequency range is distinct advantage of the tartarate based 

preparation simplicity and cost effectiveness of the method makes it a convenient to the cumbersome method 

for producing better quality of rare-earth substituted ferrispinels. The infrared spectra of these precursors are 

found to have bidendate linkage of the carboxylate group with the metal atom and confirmed on the basis of 

the difference between antisymmetric and symmetric (C=O) stretching frequencies. The TGA and DTA 

curves for tartarate precursors under static air atmosphere show first dehydration and then decomposition to 

the formation of respective ferrispinels. The scanning electron microscopy (SEM) for all substituted 

CuFe2O4 shows more agglomerated particles with mixed morphology. Diffused reflectance spectra (DRS) 

recorded in absorbance mode are useful for the calculations of band gap between conduction band (C.B.) 

and valance bond (V.B.). Band gap for copper ferrites was 1.70 eV. The mean crystallize size for all 

substituted ferrite materials reduced the grain size (i.e. crystallite) than the pure ones. The X-ray densities 

(DX) are higher than the apparent density (D). This is attributed to the existence of pores which depends on 

the sintering conditions. Best pH for photocatalytic degradation of methylene blue is 10 with amount of 

ferrites at 75mg per 100ml dye solution and CuFe1.9Ho0.1O4 showed best photocatalytic activity towards the 

degradation of methylene blue. 

References: 

   [1] D.F. Shriver, Inorganic Chemistry, New York: W.H. Freeman,(2006), ISBN7167-4878. 

[2] S. Venzke, R.B. Vandover, J. M. Philips, E. M. Gyorgy, T. Siegrist, C. H. Chen, D. Werder, R. M. 

Fleming, R. J. Felder, E. Colemabn, R. Opila, Magnetic Properties of Nanocrystalline 

CoFe2O4/ZnFe2O4 Bilayers, Journal of material resource, 11(1996), 1187. 

[3] M. Desai, S. Prasad, N. Venkataramani, I. Samajadar, A. K. Nigam, R. Krishanan, Enhanced 

magnetization in sputter-deposited copper ferrite thin films, Journal of magnetism and magnetic 

material, 246(2002) 266-269. 

[4] N.A.Spaldin, M.Fiebig, The renaissance of magneto electricmultiferroics, Science, 309(2005), 39. 

[5]  

[

1

] 

Di Iaconi C, Del Moro G, De Sanctis M, and S. Rossetti, A chemically enhanced 

biological process for lowering operative costs and solid residues of industrial 

recalcitrant wastewater treatment, Water Resource, 44(2010), 3635–3644. 

[6] I.S. Thakur, Environmental biotechnology: basic concepts and applications, I K 

International Publishing House New Delhi, (2006). 

http://www.jetir.org/


© 2019 JETIR May 2019, Volume 6, Issue 5                                                            www.jetir.org (ISSN-2349-5162) 

JETIRCP06049 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 278 
 

 

 

 

 

[7] C.C. Amorim, SEC Bottrel, EP Costa, APC Teixeira, and MMD Leao, Removal of 

ethylenthiourea and 1,2,4-triazole pesticide metabolites from water by adsorption in 

commercial activated carbons, Journal of Environmental Science and Health, B, 

48(2013), 183–190. 

[8] E.M. Rodriguez, G. Fernandez, N. Klamerth, M.I. Maldonado,  P.M. Alvarez, and S. 

Malato, Efficiency of different solar advanced oxidation processes on the oxidation of 

bisphenol A in water, Applied Catalysis B Environment, 95(2010), 228–237. 

[9] Vogel A. I. Quantitative Inorganic Analysis including Elementary instrumental 

Analysis, In:  3rd Ed., ELBS, [1963]. 

[10] S. Krishner and R. Kiasling,Electrical, magnetic and Mössbauer properties of cobalt 

ferrites prepared by the tartarate precursor method, Journal of American Chemical 

Society, 82[1960], 4174. 

[11] V. Frej, J. Ederova, Collect, Czech. Chem. Common., 34[1969], 1304. 

[12] L. Patron, I. Mandru, F. Tuna, L. Ionescu and M. Brezeanu, Synthesis and properties of 

magnetic ferrites, Revue Roumaine de Chimie, 39[1994], 1407. 

[13] K. Nakamoto, Infrared Spectra of Inorganic and Coordination Compounds, (Wiley 

interscience, New York, 2nd edn.) [1970], 244. 

[14] R. H. Nattal and G. A. Melson, Thermal study of ferrites, Journal of Inorganic and Nuclear 

Chemistry, 25[1969],   2979. 

[15] J. R. Allan, H. J. Bowley, D. L. Gerrad, A. D. Paston and K. Turvey, Thermal and electrical 

studies on pyrazine-2,3-dicarboxylic acid compounds of manganese(II), cobalt(II), 

nickel(II), copper(II) and zinc(II), Thermochimca Acta, 124[1988], 345-357. 

[16] J. R. Allan, N. D. Baird and A. L. Kassyk, Some first row transition metal complexes of 

nicotinamide and nicotinic acid, Journal of Thermal Analysis, 16[1979], 79. 

 

 

http://www.jetir.org/

