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Ultra fine Mn0.2Zn0.8Fe2O4 magnetic particles are developed by high energy ball milling technique and investigated for 
physical properties. The crystalline phase, crystallite size, surface morphology, metal oxide bonding and porosity of these 
magnetic particles are analyzed. The porosity increases on increasing the grinding period due to decrease in the particle size 
and crystallinity reduces. The IR spectra measured in the range of 4000-400 cm-1 exhibit symmetric stretching mode of 
(FeO4) and (ZnO4) tetrahedral at 669.7 cm-1 and 545.6 cm-1. The lattice strain induced by ball milling process has been 
determined. The porosity plays an important role in chemisorption and physisorption of species on the sites of the particles. 
This property of these particles has been exploited for the applications of humidity sensor. 
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Magnetic nanoparticles are gaining importance 
because of their wide range of applications in  
high-density magnetic recording, magnetic fluids, 
medicine, sensors and actuators1-3 Recently, they are 
often used in temperature sensitive ferrofluids for 
applications in heat transfer enhancement and  
energy conversion devices4,5. The nanomagnetic 
particles are prepared by various chemical  
methods, viz., as chemical co-precipitation method6,7, 
sol–gel synthesis8, citrate precursor9, hydrothermal 
precipitation10 and other chemical methods11. The 
Mn-Zn ferrites possessing a cubic spinel structure are 
described as (A)[B]2O4, where (A) and [B] are 
referred the tetrahedral and octahedral cation sites in a 
FCC anion (oxygen) sub-lattice. 

The spinel ferrites are chemically stable, have 
porous structure12 and resistive type. This type of 
property of these fine nanomagnetic particles can  
be used in humidity sensor applications. Keeping this 
in mind an attempt has been made to develop Mn-Zn 
ferrites ultrafine magnetic particles by high energy 
ball milling using appropriate ratio of precursor 
oxides. The milling time was varied and the samples 
were examined for the crystalline phase, crystallite 
size and lattice strain of these particles by XRD, FTIR 
and SEM spectroscopic techniques. Usually the spinel 
ferrites are chemically stable and are being used as 
resistive type humidity sensor. The electrical 

conduction mechanism in such sensors is described  
as water molecules which physisabsorb at the site of 
the surface over the layered chemisorbed water 
layer13. The conduction depends upon the structural, 
shape size and the porosity of the material. The results 
of our investigations on induced lattice strain due  
to ball milling and large ionic radii of Zn2+ ion on 
tetrahedral interstitial site are explained on the basis 
of XRD peak shift. The electrical conductivity of the 
nanomagnetic particles has been studied and 
correlated with structure, particles shape, size and 
porosity of the particles. The electrical conduction 
mechanism is described in terms of the adsorption 
(phyisorption) of water molecules at the site of 
surface over the chemisorbed water layer. The results 
of electrical resistance and porosity are correlated 
with relative humidity. 
 

Experimental Procedure 

Ultra fine particles of Mn0.2Zn0.8Fe2O4 are 
synthesized by grinding the metal oxides on a high 
energy ball mill (HEBM) with varying the milling 
times. A high purity chemicals of MnO, ZnO and 
Fe2O3 oxides as given in Table 1 in stochiometric 
proportions are taken and then mixed thoroughly 
using pestle and mortal before placing them for 
grinding in the tungsten carbide (WC) jars. 

The powders were mixed with acetone to ensure 
the wet grinding. The weight to volume ratio of  
WC balls  and  materials  is  optimized as 10:1 for the 
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effective grinding in Retsch Co. Planatry ball  
mill at 400 rpm. Samples are analyzed after 10 h  
(sample ‘a’), 15 h (sample ‘b’) and 20 h (sample ‘c’) 
of grinding for the crystalline phase formation by  
D-8 Advanced Bruker make powder X-ray 
diffractmeter (XRD) using Cu-Kα radiations at  
40 kV/40 mA. These powder samples are annealed at 
773 K for two hours using muffle furnace (Carbolyte 
tubular furnace, UK) to improve the crystallinity. In 
order to calculate the crystallite size a slow scan rate 
XRD (step size 0.002°/s) was inducted to record the 
selected diffraction peaks. The crystallite size was 
calculated using the Scherer formula. The surface 
morphology of the sample is obtained using 

 
 
Fig. 1a–X-Ray diffraction patterns of the samples grinded for 20 h 
without annealing 

 
 

Fig. 1b– X-Ray diffraction patterns of the annealed samples grinded for 10, 15 and 20 h 

Table 1—Weight ratio of different oxides used for the development of Mn0.2Zn0.8Fe2O4 as per the stoichiometric requirements 

S. No. Compound name Calculated weight (g) Actual weight taken (g) 

  Fe2O3 MnO ZnO Fe2O3 MnO ZnO 
1 Mn0.2Zn0.8Fe2O4 20.455 2.204 8.254 20.495 2.207 8.255 
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scanning electron microscope (SEM). Formation  
and stretching of metal–oxide bonds are understood 
by using Biorad FTIR spectrophotometer. The 
developed particles are further studied for humidity 
sensing property in a close humid chamber in  
terms of electrical resistance of the material.  
For this, pellet was made with conducting  
electrodes on both sides and then measured the 
electrical resistance in the relative humidity range 
10-70% RH range. 
 

Results and Discussion 
Prepared manganese zinc ferrite ultra fine particles 

are characterized by various analytical techniques to 
understand the physical properties of the material, 
viz., the crystalline phase, crystallite size, infra-red 

absorption, surface morphology etc. The materials 
were further studied for application as a humidity 
sensor. 
 
XRD results 

The X-ray diffraction of the sample Mn0.2 

Zn0.8Fe2O4 ball milled for 20 h with and without 
annealing are shown in Figs 1a and 1b respectively. 
The XRD pattern confirmed the phase formation of 
Mn-Zn ferrite at 20 h of grinding with weak 
crystallinity is as shown in Fig. 1a. The crystallinity 
of the sample was improved by annealing at 773 K  
for 2 h is as shown in Fig. 1b. The single crystalline 
phase formation of Mn-Zn ferrite improves with  
the increase in grinding time. In the initial stage  
of grinding, the diffraction peaks appears to be  

 

Table 2—Crystallite size variations in the samples grinded for 10, 15 and 20 h after annealing at 700°C 

S. No. Samples Peak position (2-theta) FWHM (degree) Crystallite size D (nm) 

1 Mn0.2Zn0.8Fe2O4 (10 h) 35.245 0.340 24.10 
2 Mn0.2Zn0.8Fe2O4 (15 h) 35.242 0.344 23.95 
3 Mn0.2Zn0.8Fe2O4 (20 h) 35.229 0.348 23.67 

Table 3—Strain variations in the samples grinded for 15 and 20 h 

Plane dstd (Å) Sample’b’ (Å) Strain =∆d/dstd Sample ‘c’ (Å) Strain =∆d/dstd 

d220 2.99 2.98271 .00243813 2.97943 .00353512 
d311 2.55 2.54337 .0026 2.54283 .00281176 
d511 1.632 1.62367 .00510417 1.62176 .00627451 

 

 
 

Fig. 2– FTIR patterns for Mn0.2Zn0.8Fe2O4 grounded for (a) 10 h, (b) 15 h and (c) 20 h 
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broad and later becomes sharpen, which shows the 
improvement in the crystallinity of the material. In 
order to calculate the crystallite size, the XRD 
patterns of all the samples were recorded at very slow 
scan rate (step size 0.002o/s) for the selected 
diffraction peaks (220), (311), (400) and (440). The 
crystallite size was calculated using the well-known 
Scherrer equation14 and given in Table 2. The 
crystallite size increases with the increase in milling 
time. This is attributed to the larger ionic radii of  
Zn2+ ions then Mn2+ ions occupying on tetrahedral 
interstitial sites ‘A’ then creating the asymmetric 
behaviour leading to lattice strain. The change in 
lattice parameter and cell volume for all the samples 
are depicted in Table 3. The X-ray density of the 
sample has been calculated. 
 

FTIR Results 

Infrared spectroscopy data reveals the confirmations 
of metal-oxide bonding of the Mn-Zn ferrite, which 
varies with the increase of milling time of the samples 
is as shown in Fig. 2 a-c. The data was normalized to 
the peaks of interest. The change in the intensity of 
absorption band is attributed to the difference in 
concentration of ferrite phase during milling. 

The intense absorption bands at ~ 670 cm-1, 834 
cm-1 and 875 cm-1 are corresponding to Mn-Zn ferrite 
phase. Some other absorption peaks are also observed 
in sample 'b' and 'c' which are due to partial phase 
formation.  
 

SEM results 

The surface morphology of the particles are 
examined by scanning electron microscope of 
samples and are shown in Fig. 3 a-c. In sample ‘a’ the 
particles are in the range of 300-700 nm and form the 
agglomerate in irregular shape due to mixed metal 
oxide phase. With the increase of milling time the 
homogeneity of particles has been observed. The 
grain size is observed is in the range of 100-500 nm 
with the increase in porosity. The particles are 
becoming more in regular shape and mixed pores are 
interconnected respectively. At 20 h of grinding the 
particles appear to be almost spherical shape and are 
in agglomerated form as compared to partial phase 
formation of Sample 'a’ and ‘b'. 

The large interconnectivity of pores and 
agglomeration in Samples 'b' and 'c' is due to 
magnetic dipole-dipole interaction. It is therefore, a 
large surface active area may be suitable for 
chemisorbed and physiabsorb of water molecule layer 
in humidity sensing applications. 

 

 
 
 

 
 
 

 
 

Fig. 3– SEM micrograph of the grinded sample at regular interval 
of time sample 
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Humidity results 
Relative humidity of the samples was measured by 

a two-probe method in the range10–70% RH at 25oC 
as given in Table 4. The relative humidity generator 
used was based on two-pressure technique. In Fig. 4, 
the curve of the humidity %RH versus resistance is 
presented. It was observed that the resistance 
decreases exponentially with the increment in the 
humidity. The sensitivity factor and porosity of the 
samples has been calculated by-  
 

Sf = R70% / R10% 
 

It is found that the sensitivity factor for sample ‘b’ 
is 0.019 and for sample ‘c’ that is 0.37. The grinding 
time increases the sensitivity factor. This is perhaps 
due to large active surface area and the lattice strain 
causing to enhance the porosity of material. The 
porosity of the sample is calculated from equation: 
 

%P = ((1-dex)/dx-ray) 100 
 

Where dex is the experimental density and dx-ray is the 
X-ray density of the samples prepared. Experimental 

density was determined by the Archimedes principle. 
The X-ray density was calculated by the formula: 
 

dx-ray = 8M/Na
3 

 

Where M is the molecular mass of the composition, N 
the Avogadro number, and a is the lattice parameter. 
The porosity calculated for sample ‘c’ is 41.6%. It is 
therefore suggested that the material can work as 
good humidity sensor. 
 

Conclusions 

The single microcrystalline phase of manganese 
zinc ferrite particles has been achieved by grinding in 
high energy ball mill. The single phase formation 
improves with the increase of milling time. The 
structural and spectroscopic investigations confirm 
the ferrite phase formation. The porosity data is 
compared with humidity sensing application. The 
induced strain leads to defects formation which are 
suitable for humidity sensors applications.  
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Table 4—Variation between resistance and humidity in the 
sample grinded between 15 and 20 h 

Resistance (MΩ) S. No. Humidity %RH 
Sample (b) Sample (c) 

1 10 22000 24660 
2 20 13200 23400 
3 30 5530 21800 
4 40 2720 16530 
5 50 1540 14700 
6 60 1020 12600 
7 70 425.6 9200 
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Fig. 4—Humidity pattern shows the resistance decreases 
exponentially with the increment in the humidity of the sample 
grinded for 15 hrs  [�]  and  20 hrs [ • ]  


