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ABSTRACT 

The numerous applications of the dielectric properties of materials has made it 

possible to continue to explore these properties as they depend on other factors 

of influence. The polarizability of dielectric materials is fundamental in the 

dielectric properties of materials. The problem of reducing the size of the pore 

spaces in a low density Polyurethane foam (PUF) to a barest minimum by 

applying pressure to appreciate the dielectric properties is considered in this 

work. The parallel plate technique was used where a parallel plate capacitor 

was constructed and a dielectric material i.e. low density PUF slab was placed 

between them. Capacitance measurements were done using a multi-meter first 

without load pressures and subsequently with static load pressures and the 

variation in the thickness of the dielectric material (PUF) were also measured 

with a micro-meter screw gauge. A source of potential difference was then 

applied and the above process was repeated and the parameter of measurement 

was the voltage across the capacitor with varying thickness of PUF. The result 

obtained showed a linear dependence for both the dielectric constant and 

strength of the low density PUF with pressure. Both dielectric constant and 

strength increases with increasing pressure as predicted by theoretical 

equation. Pressure could be useful whenever we want to control the dielectric 

constant and strength of PUF. 

 

Keywords: Dielectric constant, dielectric strength, dielectric material, 
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INTRODUCTION 

The numerous applications of dielectric properties of materials has made it 

possible to continue to explore these properties as they depend on other factors 

of influence. The problem of reducing the size of the pore spaces in a low 

density PUF to a barest minimum by applying pressure to appreciate the 

dielectric properties is considered in this work. The elastic nature and open cell 

structure makes it possible for applied force per unit area to affect the thickness 

of the material and hence also affect the dielectric properties of the material, 

and parallel plate technique is suitable for this process. Bora e al. (2014), 

observed that though the dielectric constant of low density polyurethane foam 

(PUF) is about 1 but can be increased to between 1.3 and 3.2 by expelling the 

gas inside the foam slab. According to Usha (2015); Meyer (2015), a dielectric 

material is an insulator that can be polarized by an electric field, Argin and 

Karady (2008), also observed that reducing the size of the voids increases the 

dielectric strength. The measurement of the dielectric properties has gained 

importance because it can be used for non-destructive monitoring of specific 

properties of the material undergoing physical and chemical changes 

(Venkatesh and Raghawan, 2005). Most of the polymers are used in dielectric 

material in many types of capacitors because of their very low dielectric loss 

and good dielectric strength (Deshmukh et al., 2012). 

Polyurethanes are a broad group of polymers that contain a common urethane 

linkage, obtained by the reaction of polyols with isocyanate in the presence of 

a blowing agent (Mahmood, 2004; dos Santos et al., 2012). Low density 

polyurethane foams are classified as flexible, semi-rigid and rigid foams 

(Iddmalgoda and Coorey, 2011; Mend and Ding, 2015). They have a long hard-

segment structures segregated together because of similarities in polarity and 

hydrogen bonding to form pseudocrosslinked network structure (Mahmood, 

2004). Polyurethane foam is generally described as a cellular solid whose 

microstructure consists of an interconnected network of struts (open cells) or 

plates (closed cells) (Sivertsen, 2007; Suleman et al., 2014; Alzoubi et al., 2014) 

Several studies have been carried out on the physical properties of polyurethane 

foam among which is the study of Baltopoulos et al. (2013) on sensing strain 

and damage in polyurethane – MWCNT nano – composite foams using 

electrical measurements. They concluded that the nano-phase dispersion 
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controls the overall conductivity of the system and the sensitivity of the initial 

loading stage. The later stages are more related to macro scale damage of the 

structure thus masking any influence from the CNT dispersion; electrical 

conductivity of the polymer is only required. The study of Meyer (2015) on 

polyurethane foam: Dielectric material for use in radomes and other 

applications observed that polyurethanes are especially useful in aerospace 

applications where functional, lightweight materials are imperative and useful 

in many other applications where low dielectric constant and low heat loss are 

necessary or desirable characteristics. Also worth of mention is the study of 

properties of polyurethane light foams by Witkiewiez and Zielinski (2006) who 

observed that 62 kgm-3 density polyurethane to be proper for use in building 

light weight barges for shallow waters in view of compression, tension and 

shearing static tests. None of these studies did consider the pressure dependence 

on the dielectric properties of low density polyurethane foam using parallel 

plate technique as such this study became imperative. The dielectric properties 

of polyurethane foam have applications in the electronic industry, aerospace, 

defense, pharmaceutical and medical fields (Meyer, 2015). Polyurethane foams 

are also used in noised reduction by absorbing sound Gayathri et al. (2013), 

flexible polyurethane foam with low density, good resilience and sound 

absorption performance characteristics have been widely used in furniture and 

car cushion, packaging materials Javni et al. (2011), insulation materials, Park 

et al. (2019), buffer materials, filtration materials, decoration materials, (Meng 

and Ding, 2015; Gama et al., 2018). The aim of this study is to investigate the 

pressure dependence of dielectric properties (dielectric constant and dielectric 

strength) of low density PUF using a parallel plate technique. 

 

THEORETICAL BACKGROUND 

Employing Coulomb’s law to determine the electrostatic pressure between any 

two charged objects by the principle of superposition for two identical 

conducting parallel plates, separated by a dielectric material which in our case 

is a low density PUF of thickness t, surface area A, this forms a parallel plate 

capacitor of capacitance: 

t

KA
C =       [1] 
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where K is the dielectric permittivity of the dielectric material given as r ε o . 

If an electric field of potential difference V, is applied between the plates, they 

will become oppositely charged with same magnitude of charge Q which is 

expressed as the product of the potential difference V, and the capacitance C, 

mathematically as: 

CVQ =       [2] 

Applying equation [1] to [2] it follows that: 

t

KAV
Q =       [3] 

Assuming the later dimensions of the plates are much larger than the thickness 

t, of the dielectric material and neglecting the edge effect so that on each plate 

the electric field is uniformly distributed with a surface charge density σ, and 

applying equation [3]: 

t

KV

A

Q
==       [4] 

Considering a uniformly charge density on an infinitely large plane will produce 

a uniform electric field E, perpendicular to the plane whose magnitude is the 

ratio of the surface charge density to the dielectric permittivity K, for the two 

surfaces and applying equation [4]: 

t

V
E

2

1
=      [5] 

The attractive electrostatic force F, on one charged plate exerted by the other 

and applying equation [3] and [5] has a magnitude of: 
2

2 







==

t

VKA
QEF      [6] 

Assuming the force F, applied is uniformly distributed on the plates with the 

dielectric material (PUF), the attractive electrostatic pressure P, on the top plate 

equals the ratio of the gravitational force on mass m, to the surface area A, and 

applying equation [6]: 
2

2 







==

t

VK

A

mg
P      [7] 

The dielectric strength E, for the parallel plate arrangement is given as the ratio 

of the potential difference to the distance between the plates or thickness of the 
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dielectric material t, and squaring both sides and applying it to equation [7] 

implies: 

K
E

P
2

2

=       [8] 

 

Materials and methods 

The materials needed for this study were obtained from the local market in Jos, 

Nigeria. The parallel plates and the dielectric material (PUF) were cut into 

dimensions of 60 cm by 60 cm slab of thickness 12.61 mm with a scissors as 

measured with a ruler. The thickness of the plates were measured using a 

micrometer screw gauge. The parallel plate technique was used where a parallel 

plate capacitor was constructed and a dielectric material i.e. low density PUF 

slab was placed between them. Capacitance measurements were done using a 

multi-meter first without load pressures and subsequently with static load 

pressures and the variation in the thickness of the dielectric material (PUF) were 

also measured with a micro-meter screw gauge. A source of potential difference 

was then applied and the above process was repeated and the parameter of 

measurement was the voltage across the capacitor with varying thickness of 

PUF and the readings obtained were tabulated and processed using excel. 

 

Result and discussion 

The forces due to the static loads were obtained from the product of the masses 

and the acceleration due to gravity while the pressures were obtained from the 

ratio of the forces to the surface area of the plates. The various values of the 

dielectric constant at various values of thickness were obtained by employing 

equation [1] and  also, the values of the dielectric strength were obtained by 

applying equation [5] using excel and the results are given in table 1. 

 

Table 1. Dielectric constant and strength dependence on pressure for PUF  
Pressure Dielectric Dielectric Strength  
(N/m2) Constant (V/m)  
0.00 0.95 793.02  
777.78 1.02 796.61  
1555.56 1.16 798.72 
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2333.33 1.31 820.34  
3111.11 1.41            865.05  
3888.89 1.47 877.19  
4666.67 1.51 887.31  
5444.44 1.67 1086.96 

 

The result in table 1 shows that both dielectric constant and strength increase 

with increasing load pressure and that is further illustrated in figure 1 and 2.  

 

 
Figure 1. Dielectric constant dependence on pressure for low density 

polyurethane foam. 
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Figure 2. Dielectric strength dependence on pressure for low density 

polyurethane foam. 

From figure 1 and 2, both the dielectric constant and strength of the low density 

polyurethane foam are observed to increase with increasing load pressure in a 

non-uniform manner. This agrees well with the work of Bora et al. (2014), 

where they observed that though the dielectric constant of low density 

polyurethane foam (PUF) is about 1 but can be increased to between 1.3 and 

3.2 by expelling the gas inside the foam slab. While the dielectric strength of 

the low density polyurethane foam is observed to increase with increasing load 

pressure. This result agrees with the work of Argin and Karady (2008), who 

observed that reducing the size of the voids increases the dielectric strength. At 

the tail end of the curve (figure 2) there’s increase sharply due to creep in the 

low density PUF at that point due to high load pressure. Considering equation 

1 as the thickness of the dielectric becomes smaller the capacitance becomes 

larger. This is not unconnected with the collapse in the foam pore space of air 

as a result of static load compressions. The increase in the dielectric constant is 

as a result of the increase in the capacitance of the low density polyurethane 

foam is due to the accumulated static load pressures (figure 3). For the dielectric 

strength we observed that it increases with increasing load pressure in a non-
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uniform manner too, because the potential difference remains relatively 

constant as the dielectric material thickness decreases with increasing load 

pressure (figure 4 &5). This result agrees well with the prediction of equation 

(8) except for the residual intercept as a result of compressional forces. A 

variation plot of pressure versus dielectric constant yields the dielectric strength 

as the gradient and vice versa. 

 

 
Figure 3. The capacitance variation with pressure for low density polyurethane 

foam. 
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Figure 4. The variation of thickness with pressure for the low density 

polyurethane foam. 

 

 
Figure 5. The potential difference variation with pressure for low density 

polyurethane foam. 
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The pressure dependence of the dielectric properties of low density 

polyurethane foam have been investigated. Both the dielectric constant and 

dielectric strength have linear dependence on pressure in a non-uniform manner. 

Removing the pores spaces in a low density PUF increases the capacitance, 

dielectric constant and strength. As such pressure can be used to regulate the 

above dielectric properties for a low density PUF capacitor. We recommend 

that a similar work be carried out with a medium density (semi rigid) PUF. 
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