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Abstract

Oxalyl dihydrazide–metal nitrate combustion route was employed to synthesize Mg(1�x) Cdx Fe2O4 (x = 0.0, 0.2, 0.4, 0.6) nanoparticles (NPs).

Ferrite NPs were analyzed by various physico-chemical techniques viz. X-ray diffraction, scanning electron microscopy (SEM) and transmission

electron microscopy (TEM). Vibrating sample magnetometer (VSM) was used to study effect of doping on the magnetic parameters of ferrite.

Combustion method proved a low temperature route for preparation of mono disperse ferrite nanoparticles with average particle diameter of 22–

34 nm. In the present study saturation magnetization and remnant magnetization increased with cadmium content up to x = 0.4, Mg0.6Cd0.4Fe2O4

showed promising magnetic and micro structural properties exploring its potentiality as soft magnetic material. The temperature of ferrite

formation (300 8C) was much lower than the reported value (700 8C) for co-precipitation method. This can be attributed to the fact that intimate

mixing of cations and exothermic decomposition of combustion mixture facilitates solid state reaction and stabilization of metastable phases thus

lowering the external temperature required for ferrite formation. Another advantage of combustion approach is that it does not involve sintering and

milling at elevated temperature (as required in conventional ceramic method) which introduces lattice defects, strains and causes coarsening of

ferrite. In the present case high purity products with desired stoichiometry and promising magnetic properties were obtained.
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1. Introduction

Spinel ferrites have received appreciable interest owing to

their promising magnetic properties and are extensively used

in microwave devices, ferrofluids, ferroseals and memory

cores of computers. [1–6] Magnesium ferrite is widely

applicable soft magnetic material for transformer cores,

humidity sensors and catalysis [7–9]. AB2O4 is a general

formula for spinels where tetrahedral A sites and octahedral B

sites are occupied by metal cations. Magnetic properties of

ferrites can be suitably tailored by varying composition of

cations. Doping of ferrite with small amount of non magnetic

ions such as Zn2+ or Cd2+ results in augmentation of saturation

magnetization [10]. Conventional ceramic method is most

common commercial approach for bulk syntheses of ferrites
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but it suffers severe drawback of high temperature milling and

sintering which in turn yields inhomogeneous and coarse

products. Moreover, milling introduces lattice defects and

strains in ferrites. Soft chemical routes such as co-precipita-

tion, precursor and combustion approach are gaining interest of

scientific community as they have an edge over conventional

ceramic method in the syntheses of nanophase ferrites with

improved properties [11–20]. Yang and Yen [19] synthesized

Zn ferrite nanopowders via precursor route and reported the

formation of single phase ferrite by annealing treatment to

precursor powder at 350 8C. Lakeman and Payne have

reviewed sol–gel processing to synthesize variety of oxides

and ferrites [20]. Whereas Cd doped magnesium ferrites have

also been prepared using co-precipitation  process by Gadkari

et al. [11] but major constrain of this method include

incomplete precipitation and quite high (700 8C) temperature

of ferrite formation. On the contrary, combustion and precursor

routes involve intimate molecular level mixing of metal ions

and yield products with desired stoichiometery and high
d.
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surface area. In precursor approach synthesis and thermolysis

of ferricarboxylate precursor is employed to synthesize ferrite

nanoparticles. In combustion synthesis exothermicity of redox

reaction mixture is used to produce useful materials [13].

Rapid oxidative pyrolysis of the combustion mixture is

catalyzed in the presence of carbohydrazide/oxalyl dihydra-

zide/glycine/polyacrylic acid etc. which act as fuel and lower

the external temperature required for solid state reaction hence

provide low temperature route for obtaining voluminous and

large surface area ferrite nanoparticles. Stoichiometrically

pure and crystalline ferrite nanoparticles have already been

prepared by precursor and combustion methods. But there

seems no work on synthesis of Cd doped magnesium ferrites by

these methods.

The present work was undertaken to synthesize of Cd doped

magnesium ferrite Mg(1�x)CdxFe2O4 by combustion method

and to investigate the effect of preparative method and

stoichiometery on magnetic properties in comparison with

co precipitation method.

2. Experimental

Following chemicals (AR grade) were used without further

purification. The source is given in the parenthesis:

Mg(NO3)2 (s.d fine Chemicals), Cd(NO3)2 (Loba Chem)

Fe(NO3)3 (Loba Chem), diethyl oxalate(Qualigens), Hydrazine

hydrate (Loba Chem).

2.1. Synthesis of oxalyl dihydrazide (ODH)

Oxalyl dihydrazide (ODH) was prepared by dropwise

addition of 1 mol of diethyl oxalate in 2 mol of hyrdrazine

hydrate at 273 K with constant stirring. White precipitates of

ODH obtained were washed with cold water and stored in a

vacuum desiccator. The identity of oxalyl dihydrazide was

established by elemental analysis and mass spectroscopy.

2.2. Synthesis of ferrites from ODH-metal nitrates

For the synthesis of ferrites stoichiometric aqueous solutions

of metal nitrates were mixed with ODH in silica crucible. The

reaction mixture was heated in a muffle furnace at 300 8C. The

reaction was rapid and combustion process was over in 15 min.

The final product was sintered at 300 8C for 3 h. Syntheses of

ferrites by redox reaction is represented in Scheme 1.

2.3. Characterization techniques

XRD powder pattern were recorded in Paranalytical expert

pro mpt 2007 instrument using nickel filtered Cu-Ka radiation.
Scheme 1.
Scanning electron micrographs (SEM) were recorded employing

Hitachi-S-3400N scanning electron microscope at 15.0–20 kV

acceleration voltage in SE mode The sputtering was performed

by E-1010 Ion sputter coater to obtain a gold layer of 10–20 nm

thickness. Transmission electron micrographs (TEM) of end

products were recorded by employing Transmission Electron

Microscope model Hitachi Hi-7650 at 100 kV acceleration

voltage in HC mode using water as a dispersion medium. The

TEM processing involved drop method technique on carbon

coated 200 mesh size copper grid. The grid was later on air dried.

The magnetic properties of ferrite powder samples were studied

by employing vibrating sample magnetometer Model PAR-155

Germany.

3. Results and discussion

3.1. Physical density

Physical densities of the samples were evaluated by

Archimedes principle with pyknometer employing xylene as

a medium [21]. On increasing the Cd content an increase in

physical density was observed from 4.127 g/cc to 4.637 g/cc

(Table 1). This is attributed to the fact that mass volume ratio of

Cd is greater than the mass volume ratio of Mg. Doping of Zn

ions has also been reported to cause similar densification and

grain growth [22].

3.2. XRD studies

X-ray diffraction (XRD) displayed sharp peaks (Fig. 1)

which clearly reveal the formation of well-crystalline single

phase magnesium ferrite [23]. Lattice constant (a) was

calculated using the most intense (3 1 1) XRD peak using

equation:

a ¼ dðh2 þ k2 þ l2Þ1=2

The XRD density was calculated by formula [23]:

Density ¼ 8M

Na3

where M is molecular weight of the sample and N is Avogadro’s

number.

X-ray density also exhibited escalating trend on increasing

cadmium content but the values were higher than corresponding

physical densities. The lower values in later case can be

attributed to the porosity of the powder samples. The

percentage porosity for all the compositions was calculated

by using equation [24]:

1 � dexp

dXRD

� �
� 100

Results of XRD studies revealed that the porosity values

vary with different compositions (Table 1). Low value of

percentage porosity is the essential requirement for a good

quality material. On the other hand, larger magnitude of



Table 1

XRD parameters of the Mg(1�x) Cdx Fe2O4 (x = 0.0–0.6) ferrites.

Cd2+ Lattice constant (Å) X-ray density (g/cc) Physical density (g/cc) %Age porosity Average particle diameter(nm)

0.0 8.4597 4.387 4.127 5.93 80 � 3.2

0.2 8.4604 4.775 4.396 7.94 65 � 2.1

0.4 8.4706 5.144 4.532 11.90 53 � 2.5

0.6 8.5423 5.393 4.735 14.02 44 � 4.1
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porosity deteriorates the magnetic and elastic behaviour of the

material even at low frequency region.

Average particle size (D) was calculated using Scherrer’s

relationship [25]:

D ¼ l

dcos u

where d is full width at half maximum. X-ray density values

were lower than the reported values for cadmium doped

magnesium ferrites prepared by co-precipitation method [11]

as in the later route higher temperature requirement resulted in

densification of the ferrite phase. The value of D decreases from

80 nm to 44 nm on increasing value of x. This can be attributed

to the liberation of latent heat at the surface which raises the

local temperature, consequently slowing down the growth

process and lowering ferrite concentration in the vicinity [26].

3.3. Micro structural studies

Surface morphology of the sample Mg(1�x) Cdx Fe2O4

(x = 0.0) as observed by SEM picture as shown in Fig. 2

revealed particle aggregation indicating that magnetic nano-

particles tend to form clusters and aggregates in powder form.

These individual particles could not be resolved by SEM. The

sizes of agglomerates vary from 12 to 20 mm. On the contrary

TEM images taken by water dispersion method at high and low

magnification in Fig. 3(a)–(c) clearly revealed ultra fine, well

dispersed spherical ferrite nanoparticles with average particle

diameter of 34 � 2.7 nm. Similar correlation between TEM
Fig. 1. XRD powder pattern of Mg(1�x) Cdx Fe2O4 (x = 0.0–0.4) ferrites Values

of x varying for a–d from 0.0, 0,2, 0.4 and 0.6 respectively. 
and SEM results of lead selenide nanoparticles is also reported

[27]. The particle size distribution histogram (Fig. 3d) was

prepared by the method reported by Bakshi [28] shows that

maximum fraction of particles have size between 20 and

30 nm,Other samples displayed small decrease with increasing

Cd content with the minimum value of 22 � 4.2 nm for x = 0.6.

The particle size calculated by XRD line broadening varies

from the microscopic investigations. In XRD the calculations

were done theoretically where as SEM and TEM images gave

actual pictorial morphological characteristics of ferrite nano-

particles.

3.4. Magnetic studies

VSM results revealed effect of varying stoichiometery on

magnetic parameters of the ferrite samples (Table 2). Hysteresis

plots showing the variation of magnetization (M, emu/g) as a

function of applied magnetic field (H, Oe) were plotted for

prepared ferrite samples (Fig. 4). All the samples displayed

normal (s shaped) narrow hystersis loops. Magnetic parameters

like saturation magnetization (Ms), remanent magnetization

(Mr) and coercivity (Hc) of the samples were compared which

in turn depend upon number of factors viz. density, anisotropy,

grain growth and A–B exchange interactions. Magnetic

properties of these ferrite nanoparticles are of immense interest

for the fundamental understanding of magnetic interactions and

have great significance owing to their technological applica-

tions. Narrow loop indicated low coercivity values ranging

from 60.5 Oe to 216.5 Oe. Low coercivity indicates that the

prepared sample can be demagnetized easily which is an

important requirement for a good electromagnet. Pure
Fig. 2. Scanning electron micrograph for MgFe2O4.



Fig. 3. (a)–(c) Transmission electron micrographs at high and low magnifications and (d) histogram showing particle size distribution.
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magnesium ferrite displayed Ms Mr and Hc values of 13.24 emu/

g, 1.27 emu/g and 82.4 Oe respectively. On increasing the Cd2+

content up to 0.4 there was enhancement in Ms of the samples.

Cadmium doped Ferrite with composition Mg0.6Cd0.4Fe2O4

displayed the values of Ms and Mr 23.50 emu/g and 4.51 emu/g

respectively. Increase in saturation magnetization at this stage

can be attributed to Neel’s theory of ferrimagnetism. For small

concentration of non magnetic ions, saturation magnetization is

represented by the relationship

Ms ¼ jMB � MAj
Table 2

Magnetic parameters of the Mg(1�x) Cdx Fe2O4 (x = 0.0–0.4) ferrites.

Cd2+ content Saturation magnetization (emu/gm) 4pMs (ga

0.0 13.24 166.43 

0.2 13.25 166.55 

0.4 23.50 295.40 

0.6 16.30 204.89 
where MB and MA denote magnetization of A and B site ions

respectively. Increase in saturation magnetization on doping up

to x = 0.4 is attributed to the non magnetic nature of Cd2+ ions.

Due to their large ionic diameter Cd2+ ions prefer tetrahedral

sites thereby lowering MA and consequently enhancing the

saturation magnetization. On the contrary high concentration of

non magnetic Cd2+ ions in A site causes weakening of A–B

interactions. Weaker coupling causes subsequent lowering of

anisotropic energy and saturation magnetization as is observed

on increasing x to 0.6.
uss) Coercivity (Oe) Remnant magnetization (emu/gm)

82.4 1.27

216.5 2.50

166.7 4.51

60.5 0.93



Fig. 4. Magnetic hysteresis for Mg(1�x) Cdx Fe2O4 (x = 0.0–0.4) ferrites.
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4. Conclusion

Oxalyl dihydrazide–metal nitrate combustion route provides

a novel low temperature route for preparation of mono disperse

ferrite nanoparticles with average particle size 22–30 nm. In the

present study saturation magnetization and remnant magneti-

zation increased with increasing Cd content up to x = 0.4,

Mg0.6Cd0.4Fe2O4 displayed promising magnetic and micro

structural properties indicating its potential as soft magnetic

material. The temperature of ferrite formation (300 8C) was

much lower than the reported value (700 8C) for co-

precipitation method [11]. This can be attributed to the fact

that intimate mixing of cations and exothermic decomposition

of combustion mixture facilitates solid state reaction and

stabilization of metastable phases which causes lowering of the

external temperature required for ferrite formation. Another

advantage of combustion approach is the avoidance of sintering

and milling at elevated temperature (as required in conventional

ceramic method) which introduces lattice defects, strains and

causes coarsening of ferrite. In the present study high purity

products with desired stoichiometery and promising magnetic

properties were obtained.
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