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Abstract: Nanocrystalline Zn1-xCuxFe2O4 ferrites with x = 0.0, 0.05, 0.10, 0.15, 0.20, 0.25 and 0.50 were prepared by 

microwave assisted combustion method using metal nitrates and glycine as a fuel.  Structural properties of the as-synthesized 

powders were characterized by X-ray diffraction patterns (XRD). The magnetic properties were measured using vibrating 

sample magnetometer (VSM). XRD analysis indicates the prepared samples are highly crystalline and they have fine structure, 

where their crystallite sizes are in the nanoscale range from 20-40 nm. The Saturation magnetization (Ms) and magnetic 

moment show an increase with Cu content (x) up to x = 0.2 reached to about 58 emu/g, and then it decreases slightly.  The 

catalytic performance for the as prepared samples was carried out using dehydration-dehydrogenation of isopropanol. The 

results revealed that the catalytic conversion of isopropanol increases with Cu substitution. The isopropanol conversion 

reached to about 99% with 76% and 24% yields of acetone and propene respectively. 
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1 Introduction 

The substituted spinel ferrites have attracted attention due to 

their technological applications such as electronic, magnetic 

and microwave devices [1-6]. Their properties depend 

mainly on the concentration; type of substituted metal ions 

and their distribution over tetrahedral and octahedral sites 

[7-9]. Cu-substituted ferrites are promising materials in 

applications. Introducing copper into ferrites with spinel 

structure causes appreciable changes in their properties, 

particularly structural ones, as it would possibly create a 

lattice distortion due to Jahn-Teller effect, dielectric, and 

magnetic properties. Also the catalytic performance of the 

ferrite is enhanced with Cu substitution, due to the different 

redox properties of Cu [10, 11].   

Recent investigations of spinel ferrites indicated that Zinc 

ferrites in the nanoscale show anomalous magnetic 

properties [12]. There are many studies of the electrical, 

optical and magnetic properties of Cu- substituted Zn 

ferrites [13-16]. These studies revealed that the magnetic 

properties are enhanced, the band gap energy decreases, and 

high dielectric constant is observed with increasing Cu 

content.  

It is well known that synthesis method has an effective role 

on the structural and magnetic properties of ferrites. Spinel 

ferrite nanoparticles have been prepared by several methods  

 

 

such as microemulsion method [17], ball milling [18], and 

the sol–gel method [19]. Recently Microwave assisted 

combustion method has attracted the interest of synthesis 

nano ferrites as a simple, fast and low cost process [20-21] 

The present work aims to investigate the magnetic 

properties of nanocrystalline Zn1-xCuxFe2O4 ferrites with 

x = 0.0, 0.05, 0.10, 0.15, 0.20, 0.25 and 0.50 prepared 

successfully by microwave assisted combustion method 

using glycine as a fuel. The catalytic activity of the prepared 

samples was tested using dehydrogenation – dehydration of 

isopropanol over the samples. 

2 Experimental 

2.1 Materials and methods 

Zn 1-xCuxFe2O4 nanoparticles (x = 0.00, 0.05, 0.10, 0.15, 0.2, 

0.25, and 0.50) were prepared from an exothermic reaction 

of a mixture of metallic nitrates (Zn, Cu and Fe) and glycine 

(reducing agent) at glycine: metal nitrate ratio equal to 0.5:1. 

A stoichiometric ratios of zinc nitrate (Zn (NO3)2.6H2O), 

Copper nitrate (Cu (NO3)2.3H2O), ferric nitrate (Fe 

(NO3)3.9H2O), and an appropriate amount of glycine 

(NH2CH2COOH) were dissolved in a minimum quantity of 

water (see table 2.1). The crucible containing the solution 
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was introduced into a microwave-oven at a maximum power 

of 800W for several minutes. The solid powder was 

obtained after around 20 min. 

2.2 Characterizations and measurements 

Phase identification of the samples was performed using X-

ray diffractometer equipped with an automatic divergent slit 

(XRD; Philips PW1700 diffractometer, Netherlands). 

Diffraction patterns were obtained using CuKα radiation (λ= 

0.15418 nm) and a graphite monochromator in the 2θ range 

from15° to 70°. The patterns were fitted using pseudo 

Lorentzian line shapes to account for the asymmetry of the 

peaks, and for accurate determination of lattice parameters 

and apparent crystallite size. The magnetic measurements 

were carried out at room temperature using vibrating sample 

magnetometer (VSM) Lakeshore Model 7410 equipped 

with 2T magnet. The specific surface areas of the catalyst 

samples were determined from Nitrogen adsorption- 

desorption isotherms, which measured at -196oC using 

Quantachrome Instrument Corporation, USA (Model Nova 

3200). Test samples were thoroughly out gassed for 2h at 

150oC to a residual pressure of 10-4 torr and the weight of 

the out gassed sample was that used in calculations.  

The porosity of the catalysts                                                                                                                             

determined from the desorption curve using Nova enhanced 

data reduction software (Version 2.13). The specific surface 

area of these nanoparticles was calculated by the BET 

equation.  The catalytic activities of the samples were tested 

by the dehydration - dehydrogenation of isopropyl alcohol 

(IPA) at 250 ºC in a conventional fixed bed flow type Pyrex 

glass tube reactor at atmospheric pressure. A 0.5 g catalyst 

was placed in the middle of the reactor tube with quartz 

wool. In all tests, N2 gas was used as carrier with a total flow 

rate of 50 ml min-1. The temperature of the isopropanol in 

the saturator was set at 0oC using dry ice. The reaction 

temperature was controlled with a Gallenkamp temperature 

controller. The exit feed was analyzed by direct sampling of 

the gaseous products into a Unicom PROGC gas 

Chromatograph using a flame ionization detector (FID). A 

mixture of IPA and N2 was introduced into the reactor after 

nitrogen was bubbled through IPA saturator. The total flow 

rate was fixed at 50 ml min-1. The gases after reaction were 

chromatographically analyzed by FID with a Unicam 

PROGC using a 10% PEG 400 glass column (2 m) for 

analysis of the reaction products of IPA on the tested 

catalysts. Measurement of the conversion and yield (%) 

were recorded after 1 h from the initial introduction of the 

reactant into the reactor to ensure the attainment of the 

reaction equilibrium, (steady state conditions). 

3 Results and discussions 

3.1 XRD analysis 

In order to investigate the crystal structure of the obtained 

powder material, XRD analysis was performed and the 

resultant pattern of the prepared Zn1-xCuxFe2O4 

nanoparticles (x = 0.0, 0.05, 0.10, 0.15, 0.20, 0.25 and 0.50) 

are presented at Figures 1 and 2. It is noticed that all the 

prepared samples show good crystallinity. The broad peaks 

in the XRD patterns indicate a fine nature of the particles. 

Analysis of the diffraction patterns of the samples with  

Table 1 Structural parameters of Zn1-xCuxFe2O4 samples 

Copper content 

(x) 

crystallite size D 

(nm) 

Lattice constant 

ao(nm) 

0.00 25.3 0.8410 

0.05 32.8 0.8398 

0.10 32.9 0.8404 

0.15 32.3 0.8405 

0.20 34.4 0.8402 

0.25 28.8 0.8408 

0.50 41.9 08408 
 

x ≤  0.2 confirmed  the  formation  of single phase spinel 

structure  with  no  extra  peaks  corresponding  to  any  other 

phases. However the sample with x =  0.25 shows 

additional small peaks characteristic of ZnO and CuO 

phases. The intensity of these impurity phases increases for 

the sample with x = 0.5. The formation of CuO phase with 

increasing the Cu concentration (x) was also observed in 

previous studies [22].  

 

Figure 1 XRD patterns of the nanocrystalline Zn1-

xCuxFe2O4 samples (x0.15). 

 

Figure 2 XRD patterns of the nanocrystalline Zn1-

xCuxFe2O4 samples (x= 0.20, 0.25 and 0.50). 

The crystallite sizes of the prepared samples were calculated 
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using the Debye–Scherrer equation [23]. The lattice 

parameters for different compositions have been calculated 

using the values of d-spacing. Using the least square fit 

method [24], exact lattice constants a0 was calculated. The 

obtained crystallite sizes and lattice constants values are 

given in Table 1. The average crystallite sizes are in the 

range of 20-40 nm for all compositions.  

3.2 Magnetization studies 

Figure 3 Room temperature M–H loops of the 

nanocrystalline Zn1-xCuxFe2O4. 

 

Table 2 Magnetic parameters of Zn 1-x Cu x Fe2O4 

nanoparticles 

Copper Content (x) Hc (Oe) Ms (emu/g) Mr (emu/g) 

0.00 45.9 47.4 5.3 

0.05 67.3 51.0 7.0 

0.10 50.5 51.0 5.9 

0.15 42.9 50.0 5.2 

0.20 65.6 57.6 7.6 

0.25 65.6 55.3 6.6 

0.50 83.2 51.9 5.1 
 

To clarify the magnetic properties for Zn1-xCuxFe2O4 

nanoparticles, the room temperature magnetization 

measurements were performed on a vibrating sample 

magnetometer (VSM). The applied magnetic field is in the 

range from -20 to +20 kOe. The resultant M–H curves are 

shown in Figure 3. All The obtained M-H curves are 

saturated with hysteretic behaviours of soft ferrimagnetic 

materials.  

The obtained magnetic parameters are listed in Table 2. 

From this table we notice that the as synthesized zinc ferrite 

sample has high magnetic parameters compared to bulk zinc 

ferrite [25-27].This indicates that nano scale zinc ferrite has 

partial inversion structure. The saturation magnetization 

increases with Cu2+ ions substituted up to x = 0.2, due to 

magnetic substitution of Cu ions (1µB) compared to 

nonmagnetic Zn2+ ions (0 µB). It is well known that Cu2+ 

ions prefer occupying octahedral site [28-30]. So that Cu 

ions replace Zn ions in octahedral sites, and consequently 

the net magnetic moment increases. It is noticed that with 

more increasing of Cu amount at x =  0.25 𝑎𝑛𝑑 0.5 the 

saturation magnetization decreases slightly. This could be 

related to the presence of some of Cu2+ cations in tetrahedral 

sites which results in changing the strength of the 

superexchange interactions. As a result, the net magnetic 

moments decrease. Also we can suggest that Cu2+ replace 

some of Fe3+ ions which occupy octahedral sites leading to 

reduction of the net magnetic moment. As indicated by XRD 

in these samples, the appearance of small impurity phases 

may be another reason to decrease their magnetizations. The 

coercive field Hc was found to increase with Cu substitution 

reaching to a maximum value of about 83 Oe at x=0.50. This 

behaviour of coercive field could be attributed to anisotropy 

energy change as a result of Jahn-Teller effect. 

As the copper amount increases in the spinel zinc ferrite, the 

spinel structure is distorted from cubic to tetragonal, due to 

the cooperative Jahn-Teller effect involved by the 

octahedrally coordinated Cu2+ ions [31]. 

3.3 Catalytic activity  

The catalytic performance of Zn1-xCuxFe2O4 nanoparticles 

was tested using IPA decomposition at reaction temperature 

equal to 250oC. The results of catalytic evaluations are given 

in Table 3.  From this Table we observe that the total 

conversion of IPA increases with increasing Cu substitution 

to reach to 99 % at x = 0.50 However; the catalytic activity 

of spinel ferrites is correlated mainly to the octahedral 

cations; it is well known that Cu2+ ions prefer octahedral 

occupation [32, 33]. So that increasing the concentration of 

the copper ions in the spinel structure facilitates the catalytic 

process. The obtained results revealed that IPA was 

converted into both acetone and propene over the samples, 

which suggested the presence of both acidic and basic sites 

on the surface of all samples. Acetone selectivity is higher 

than that for propene. This can be also correlated to the 

presence of more basic active sites than acidic sites in the 

samples.  

As the Cu concentration increases the selectivity towards 

acetone formation increases due to an effective increase in 

the number of active sites contributing in dehydrogenation 

of IPA. On the other hand the selectivity towards propene 

formation decreases with Cu substitution which suggests a 

decrease in the number of active sites responsible for 

dehydration. This observation revealed that adding copper 

enhances generation of basic sites.  

We can notice from Tables 2 and 3 that with increasing Cu 

substitution the magnetic properties and catalytic activity 

are enhanced. The catalytic activity of spinel ferrites are 

correlated to magnetization [34]. Also, the good catalytic 

performance of the prepared samples is not related to the 

measured specific surface area which is SBET  3 m2/g of 

catalysts. This behaviour of specific surface area was 

observed previously [35, 36].
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Table 3 Catalytic evaluations of Zn1-xCuxFe2O4 samples. 
Copper content 

X 
Conversion % 

Selectivity % Yield % 

Propene Acetone propene Acetone 

0.00 47 45.8 54.2 21.5 25.5 

0.05 59.5 25.2 74.8 15.0 44.5 

0.10 98.0 26.8 73.2 26.3 71.7 

0.15 99.0 24.6 75.4 24.3 74.6 

0.20 99.0 22.4 77.6 21.5 74.3 

0.25 99.0 22.5 77.5 22.2 76.7 

0.50 99.0 22.8 77.2 22.6 76.4 

4 Conclusion 

The Zn1-xCuxFe2O4 nanoparticles were successfully 

synthesized by microwave assisted combustion method. The 

XRD investigation confirmed the formation of a single –

phase of cubic spinel ferrites of the samples with x ≤  0.2, 

However; the samples of x= 0.25 and 0.5 show additional 

small peaks characteristic of ZnO and CuO phases. The 

magnetic properties of the samples were investigated by 

VSM. The results indicate augmentation the saturation 

magnetization with increasing x up to 0.2 and then slightly 

decrease. The investigated samples are active in the reaction 

of catalytic isopropanol decomposition. The results indicate 

that their catalytic activity increases with Cu substitution. 

Also the selectivity toward acetone increases with 

increasing x, while propene selectivity decreases.  
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