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Abstract 
 
The recent strides in polymer technology have spawned enormous application possibilities of polymers as 
microwave substrate materials. In the present investigation, variations in microwave permittivity and loss 
tangent with increasing quantities of the inclusions (alumina) in the polystyrene (PS) matrix have been 
conducted. It is observed from the microwave measurement that real part of complex permittivity of the 
PS-alumina composite system at 9.68 GHz increases from 2.5 to 2.785 as the filler (inclusion) percentage 
increases from 0-7%Volume Fraction (VF). Dispersive behavior of this composite system with improved 
dielectric property is also studied. A frequency sweep from 8.4 to 12.0 GHz shows an increase in the real 
part permittivity of composite by 0.31- 0.39% as the volume fraction of filler in the composite increases 
from 0 to 7%VF and the loss factor varies in the range 0.0035-0.005. 
 
I.INTRODUCTION 
 
Major new applications in aeronautics, space and telecommunication technology using composite materials 
are springing at an ever increasing pace. High permittivity and low dielectric loss is the primary 
characteristic of the substrate for design applications as microstrip circuits at microwave frequencies. 
Polymer suffers from poor microwave dielectric properties, feeble dimensional stability, large thermal 
expansion coefficients and poor thermal conductivity when compared with other microwave material 
choices viz. ceramics and ferrites [1-3]. A great technological interest have developed in particle-filled 
polymer composites as improvements in properties of polymers can be done by reinforcing it with 
additional materials so that overall properties of the composites are superior to those of the individual 
components as properties of the composite depends on the intrinsic properties of the reinforce material [4-
7]. Moreover, mass production of these composites is efficient and economical. In the present investigation 
a polymer composite is developed where alumina particles are in reinforcing phase and polystyrene (PS) is 
in matrix phase. Microwave property of the composite material with the change in percentage volume 
fraction (%VF) is examined. A significant improvement in the microwave property of polystyrene (PS) is 
observed  when reinforced  with alumina fillers.  
 
II. EXPERIMENTAL 
 
II.A Sample Preparation Technique  
 
 A 2 gm of crosslink polystyrene (Aldrich) is dissolved in 50ml cyclohexane (E Merck).  In order 
to reduce the viscosity of the solution so as the quantity of alumina can be increased 2ml tetraethyl 
orthotitanate (Aldrich) or titanium ethoxide [Ti(OC2H5)4] is used as surfactant to the PS solution              
[8-9].  The surfactant mixed solution is stirred for half an hour. Alumina (E Merck) is grounded and sieved 
to get particle size quite less than the probing EM wavelength (which is ~36×103 µm at the lower 8-12.4 
GHz range) with different volume fraction is mixed with the solution in a homogenizer at 8000 rpm rotor 
speed for about 15 minutes. This homogenous mixture is casted in rectangular shape and allowed to dry at 
room temperature.  The preparation and environmental conditions are kept same for one batch of samples. 
 
II.B Microwave Measurement 
 
Measurements of microwave properties of the composite at 9.68GHz are carried out using cavity resonator 
technique [1], waveguide technique [10] and resonance method [11-12]. The frequency dependence of the 
wave velocity in a transmission line is called dispersion property and it is an important parameter when the 
line is used in a wide frequency range.  The frequency dependence of dielectric constant gives rise to 



‘material dispersion’ in which the wave velocity is frequency dependent. For time domain measurement of 
complex permittivity in the 8.4 to 12.0 GHz range sweep frequency measurement set up is used. 
 
III. RESULTS AND DISCUSSION 
 
III.A Complex Permittivity of  PS-Alumina Composite at 9.68 GHz 
 
 Fig. 1 shows an increase of permittivity of PS-Alumina composite system at 9.68GHz from 2.5 to 2.785 
when the filler percentage varies from 1 to 7%VF. Dielectric response of a particulate filled polymer 
composites relies on characteristic of each phase in the composites [13-14]. When an electric field Ē is 
applied to material - cations and anions in the dielectric are displaced in response to the field [15]. This 
displacement produces an induced dipole moments and the aggregate of induced or permanent dipoles 
produces a net polarization   in   the   material. Permittivity also depends on the volume fraction of filler 
and eventually on the spatial arrangement in the mixture. With the increase in filler percentage the local 
potential increases in response to the same external applied electric field. This increase in potential 
increases the capacitance of the material. Higher value of capacitance results in higher effective 
permittivity of the composite.  
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In fig. 1 theoretical result determined with the Bruggemans effective medium theory (BG) is also given for 
comparison of the experimental results.  The experimental results (CR-cavity resonator, WG - wave guide, 
Res – Resonance method) show a deviation of effective permittivity from the Bruggman’s effective 
medium approach. The surfactant reduces the interphase region between the low dielectric polymer and 
high dielectric filler thus changing the effective dielectric constant of the composite [16]. In PS-alumina 
composite, the loss factor varies in the range 0.0035-0.005 for different volume fraction, as shown in fig. 2. 
The additional dielectric loss is from the interfacial polarization between two different dielectrics in the 
composite and under the influence of electric field [17]. 

III. B Dispersive Complex Permittivity of PS-Alumina Composite at X-Band 

Effective permittivity value of composites shows dispersive behavior. A frequency sweep from 8.4 to 12 
GHz increases the real part permittivity of PS-alumina composite by 0.31- 0.39% as the volume fraction of 
filler in the composite increases from 1 to 7%. The dielectric spectra of 1% and 3%VF of PS-alumina 
measured using resonance and waveguide method is shown in fig 3. The loss ranges from 0.004 to 0.016 in 
PS-alumina composite. 
 

Fig 1: Permittivity of PS- alumina composite versus %VF of 
filler at 9.68GHz. 
(CR-cavity resonator, WG- wave guide, Res- resonance method 
  BG- Bruggmans theory) 
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Fig 2: Loss factor of PS-alumina composite versus 
 %VF of filler at 9.68GHz 
(CR-cavity resonator, Res- resonance method) 
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 Fig 3b: Dispersive permittivity of PS - 3%VF alumina filler  
 

Fig 3a: Dispersive permittivity of PS -1%VF alumina filler 

 
At microwave frequencies according to classical dispersion theory of dielectric [13], the dielectric constant 
is unchanged and the dielectric loss increases with frequency. Therefore the product of quality factor and 
frequency describes loss property of the dielectric. The complex permittivity depends on the frequency but 
it stays almost constant over a small range of frequency spectrum [18-20]. The complex permittivity (ε) of 
a material is a function of angular frequency i.e. ε(ω) = εo[εr

/(ω)-jεr
//(ω)] where εr

/ is the time dependent 
relative permittivity, εr

// is the corresponding loss factor and ω is the radian frequency. Resonance 
dispersion law widely applied for the qualitative characterization of the dielectric properties of the 
composites [21] and is given by 
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where ‘A’ is the scale factor depends on the percentage of filler and frel and fres are the relaxation and 
resonance frequencies defining the shape of dispersion curve. 

IV. CONCLUSION 

Permittivity of the system increases with the increase in filler percentage. From the loss factor 
measurement it can be conclude that the composite is a low loss material. The composite system can be 
used as substrate for MIC’s because of the improvement in the value of permittivity. As circuits on high 
dielectric material get congested and hence reduce the power handling capability, these composites can 
replace quartz at higher frequency. The composite studied in the present investigation finds a more 
economic alternative to costly microwave substrate materials. 
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