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Abstract: La0.8Ba0.2MnO3 nano-particles were synthesized by sol-gel process, and the crystal structure and morphology were 
characterized by XRD and SEM, respectively. The complex permittivity and permeability were determined by microwave vector 
network analyzer in the frequency range of 2−18 GHz. The relationship between reflection coefficient and microwave frequency of 
La0.8Ba0.2 MnO3 was calculated based on measured data. The results show that the average diameter of La0.8Ba0.2MnO3 crystal 
powders is about 80 nm and the crystal structure is perovskite when being calcined at 800 ℃ for 2 h. The microwave absorbing 
peak is 13 dB at 6.7 GHz and the effective absorbing bandwidth above 10 dB reaches 1.8 GHz for the sample with the thickness of 
2.6 mm. The microwave absorption can be attributed to both the dielectric loss and the magnetic loss from the loss tangents of the 
sample, but the former is greater than the latter. 
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1 Introduction 
 

Microwave absorbing materials have an important 
application in the military and the civil technology such 
as the stealth, microwave darkroom and electromagnetic 
interference protection[1]. People have been attracted by 
La1−xTxMnO3 (T=Sr, Ca, Ba) for many years because of 
its special electromagnetism characteristic, especially 
colossal magnetoresistance effect[2−7], which was 
widely reported. In addition, the colossal 
magnetoresistance of LaMnO3 doped by Te, Ce, Zr or Sn 
at site A and other element at site B was studied[8−11]. 
The doped rare-earth oxide can exhibit rich 
electromagnetism characteristics such as magnetic 
transformation and conductivity change, which provides 
a foundation for the electromagnetic wave absorbing 
materials in the theory and the experiment. In Ref.[12], 
the microwave absorbing properties of Ba1−xLaxZnx- 
Fe12−x−y(Me0.5Mn0.5)yO19 (Me=Zr, Sn) in frequency range 
of 1−20 GHz were studied and the absorption was as 
high as 40 dB when the thickness of sample was less 
than 1 mm, however, the disadvantage was that the 
effective bandwidth is very narrow (smaller than 1 GHz). 
Refs.[13−14] reported that La1−xSrxMnO3 prepared by 

solid state reaction method had excellent property, the 
microwave absorbing bandwidth above 8 dB was 3 GHz 
and the peak was 25 dB when x=0.5 in the frequency 
range of 8−12 GHz, but the frequency spectra 
characteristic of complex permittivity and permeability 
was not studied carefully. In Ref.[15], the microwave 
absorbing property of La1−xSrxMn1−yFeyO3 powders 
prepared by sol-gel method was studied in the frequency 
range of 2−18 GHz, which is better than that of 
La1−xSrxMnO3 in microwave absorbing bandwidth and 
intensity. 

The study on electromagnetic response mechanism 
of LaMnO3 that is doped at site A by other element such 
as Ba is a worthy topic of microwave absorbing materials 
in both the theory and the application, but there are not 
such reports so far. In this study, nanometer 
La0.8Ba0.2MnO3 powders were prepared with sol-gel 
process and their microwave absorption properties and 
physical mechanism were discussed in the frequency 
range of 2−18 GHz. 
 
2 Experimental 
 

The sol-gel process was used to prepare 
La0.8Ba0.2MnO3 nano-particles. High purity compounds 
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of La2O3, Mn(C2H4O2)2, Ba(OH)2 powders were weighed 
according to the mole fraction (21׃5׃) and dissolved in 
dilute nitric acid, respectively. Then the above solutions 
were slowly put into the EDTA solution, mixed fully 
together at 70 ℃, reacted for 6 h and evaporated in oven 
so that the white powders were obtained. The powders 
were changed into the black La0.8Ba0.2MnO3 samples 
after being calcined at 800 ℃ for 2 h. 

The crystal structure of the sample was determined 
by X-ray diffraction(XRD) with a D/max-Ⅲ A of Japan, 
Cu Kα radiation and the voltage/current of 35 kV/25 mA. 
The morphology and size of powder particles of the 
sample were observed by a scanning electron microscopy 
(SEM)(JSM-5600 LV). 

The prepared powders of La0.8Ba0.2MnO3 were 
mixed with paraffin wax according to mass ratio of 73׃ 
and pressed into annular sample with 2.6 mm in 
thickness. The complex permittivity and permeability of 
the sample were measured by HP8722ES microwave 
vector network analyzer in the frequency range of 2−18 
GHz. 
 
3 Results and discussion 
 
3.1 Structure and morphology of sample 

Fig.1 shows the X-ray diffraction pattern of 
La0.8Ba0.2MnO3. From Fig.1, all peaks are attributed to 
cubic perovskite structure. Fig.2 shows the SEM 
photograph of La0.8Ba0.2MnO3 crystalline powders with 
irregular spherical shape and an average diameter about 
80 nm. 
 

 
Fig.1 XRD pattern of La0.8Ba0.2MnO3 
 
3.2 Microwave electromagnetic spectra of sample 

Fig.3 shows the permittivity spectra of 
La0.8Ba0.2MnO3. The real part (ε′) of the permittivity 
decreases with the increase of frequency from 2 GHz to 
18 GHz. The imaginary part (ε″) of the permittivity first  

 

 
Fig.2 SEM image of La0.8Ba0.2MnO3 crystalline powders 
 
increases and then decreases, which shows a peak at 5.2 
GHz. Fig.4 shows the permeability spectra of 
La0.8Ba0.2MnO3. The real part (μ′) of the permeability 
first decreases and then increases with the increase of 
frequency, but this change is slight. The imaginary part 
(μ″) of the permeability first increases and then decreases 
slightly, which has a smaller peak at about 14.8 GHz. By 
comparing Fig.3 with Fig.4, it can be found that the 
maximum value of the imaginary part (ε″) of the 
permittivity is 11 that appears in low frequency position,  
 

 
Fig.3 Permittivity of La0.8Ba0.2MnO3 at different frequency 
 

 
Fig.4 Permeability of La0.8Ba0.2MnO3 at different frequency 
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but the maximum value of the imaginary part (μ″) of the 
permeability is 0.2 that appears in high frequency 
position. 
 
3.3 Microwave absorbing properties of sample 

According to the equations of Ref.[16], the relation 
between the reflectance(R) of La0.8Ba0.2MnO3  and 
frequency(f) can be calculated from measured data of the 
permeability and permittivity. The equations are as 
ollows: f

 

])/π2(tanh[/ rrrrin μελεμ djZ =  

)1(/)1(lg20 inin +−= ZZR  

 
where  Zin is the normalized input impedance when the 
electromagnetic wave incidences vertically to the 
specimen. εr is the complex permittivity (εr=ε′−ε″). μr is 
the complex permeability (μr=μ′−μ″). λ is the wavelength. 
d is the thickness of the sample. Fig.5 shows the relation 
between the reflectance(R) of La0.8Ba0.2MnO3 and the 
microwave frequency(f) in range of 2−18 GHz when the 
thickness of sample is 2.6 mm. R decreases fast from 2 
GHz to 6.7 GHz, then increases from 6.7 GHz to 13 GHz 
and decreases from 13 GHz to 18 GHz. This indicates 
that La0.8Ba0.2MnO3 has certain microwave absorbing 
properties in the frequency range of 2−18 GHz, whose 
value of the absorbing peak is 13 dB at 6.7 GHz and the 
absorbing bandwidth above 10 dB is 1.8 GHz. 
 

 
Fig.5 Relationship between reflectance and microwave 
frequency for La0.8Ba0.2MnO3 
 
3.4 Microwave loss mechanism of sample 

The dielectric and magnetic loss tangents in the 
frequency range of 2−18 GHz are shown in Fig.6. It can 
be discovered that the dielectric loss tangent (tanδe) is 
much larger than the magnetic loss tangent (tanδm) in low 
frequency band, but they are close in high frequency 

band. The result shows that the dielectric loss is main in 
low frequency band, and both the dielectric and magnetic 
loss affect together in high frequency band. Therefore, 
the reflectivity peak in Fig.5 at 6.7 GHz is mainly caused 
by dielectric loss. There are maximum values of tanδe 
and tanδm respectively above13 GHz (Fig.6), so the 
microwave absorption from 13 GHz to 18 GHz may be 
caused by both dielectric and magnetic losses, which 
brings about decline of the reflectance (Fig.5). 
 

 
Fig.6 Relationships between tanδe or tanδm and microwave 
frequency for La0.8Ba0.2MnO3 
 

The anti-ferromagnetic structure of LaMnO3 can 
result in dielectric loss without doping, and it changes 
into ferromagnetic structure that can result in magnetic 
loss when doped by Ba2+. The Mn4+ appears and the 
crystal structure changes from low symmetry to high one, 
so that there are two transitions from insulator state to 
conductor or semiconductor and from anti-ferromagnetic 
state to ferromagnetic[17], which can be explained by 
double exchange theory[18]. 

So La0.8Ba0.2MnO3 nano-particles have certain 
magnetism and magnetic loss in microwave field, but the 
dielectric loss is still predominant. There are both 
dielectric and magnetic losses for La0.8Ba0.2MnO3. In 
addition, there are atomic clusters such as 
anti-ferromagnetic and ferromagnetic clusters in the 
sample, which have different magnetism and compete 
with each other[19]. The tanδm exhibits rising tendency 
and the tanδe exists decreasing tendency with the increase 
of microwave frequency. The reason is that 
anti-ferromagnetic clusters transform into ferromagnetic 
clusters constantly by absorbing electromagnetic energy 
in microwave field. 
 

4 Conclusions 
 

1) La0.8Ba0.2MnO3 nano-particles have microwave 
absorbing properties both in low and high frequency 
band in range of 2−18 GHz. The value of microwave 
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absorption in low frequency band is larger than that in 
high frequency, the bandwidth above 10 dB is 1.8 GHz, 
and the peak of reflection coefficient is 13 dB at the 
frequency of 6.7 GHz. Such materials exhibit good 
microwave absorbing properties. The system of 
La0.8Ba0.2MnO3 doped at site B or compounded with 
other materials can have better microwave absorption in 
bandwidth and intensity because of modulating 
electromagnetic parameters by doping or cooperation 
effects. 

2) La0.8Ba0.2MnO3 nano-particles exhibit certain 
magnetic properties because of being doped by Ba2+ at 
site A and have both dielectric and magnetic losses under 
the microwave field, but the dielectric loss is more 
important and the magneticless mainly appears in high 
frequency band. 
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