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ABSTRACT

ypothesis: The technology of preparing materials with desired dielectric
Hconstants is used in designing and manufacturing telecommunication
equipment. Foaming of the polymers is an effective method to reduce their
dielectric constant further, as the influence of the microstructural characteristics of
the expanded polystyrene foams is important for their dielectric characteristics and
mechanical properties. This article focuses on the effect of cell wall thickness of the
expanded polystyrene foams on their dielectric constant, loss factor, hardness and
resilience.
Methods: Many samples of the expanded polystyrene foam with different porosity
and overall thickness values were prepared using a specific thermal procedure in a
programmable oven. At first, the physical properties such as density and porosity
of the expanded polystyrene foams were measured. Next, their microstructural
characteristics such as the average cell wall thickness of the expanded polystyrene
foams were investigated using a scanning electron microscope. The dielectric constant
dielectric constant and loss factor of the samples were assessed with a vector network analyzer with
’ a lens horn antenna. The mechanical properties of the expanded polystyrene foams
mechanical properties, were evaluated according to Shore D hardness, and the value of mechanical energy
expanded polystyrene, stored in them was measured by a resilience tester.

Findings: By increasing cell wall thickness in samples at equal overall thickness, the
dielectric characteristics such as dielectric constant and dielectric loss factor increase
cell wall thickness by 12% and 53%, respectively. Moreover, the mechanical properties such as hardness
and resilience reveal an increase of 40 and 42%, respectively, due to the increase of cell
wall thickness in samples at the same overall thickness. While the dielectric constant
and the dielectric loss factor decrease with the reduction of the overall thickness at the
same cell wall thickness, the variation of the overall thickness depicts no effect on the

hardness and resilience.
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Fig. 1. SEM images of polystyrene foams.
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Table 1. The results of SEM image analysis of polystyrene foams.
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Sample Average cell Cell density Porosity Average cell wall Density Sample
size (um) (cell/cm?) (%) thickness (um) (g/cm?) thickness (cm)
EPS1 75 1.69 x 10" 70+5 14.6 0.3+0.05 3£0.1
EPS2 77 1.52 x 10 70£5 15.0 0.3+0.05 3+0.1
EPS3 93 8.76x 10° 7045 18.2 0.3£0.05 3£0.1
EPS4 65 2.91 x 10" 8045 7.7 0.2+0.05 1+0.1
EPS5 77 1.57 x 10" 70+£5 14.9 0.3+0.05 1£0.1
EPS6 82 1.08 x 10" 605 23.9 0.4+0.05 1£0.1
EPS7 86 0.786x 10" 5045 35.6 0.5+0.05 1£0.1
EPS8 75 6.59 x 10° 70+£5 14.5 0.3+0.05 3£0.1
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Table 2. Dielectric characteristics of polystyrene foams at

10 GHz frequency.

Sample Loss factor Real dielectric constant
EPSI 0.0184 1.405
EPS2 0.0241 1.430
EPS3 0.0181 1.391
EPS4 0.0020 1.219
EPS5 0.0114 1.327
EPS6 0.0030 1.354
EPS7 0.0043 1.396
EPS8 0.0167 1.298
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Table 3. Hardness test results of foam samples.

Sample Average cell wall thickness | Hardness

(nm) (Shore D)
EPS1 14.64 44x5
EPS2 15.03 5145
EPS3 18.15 5345
EPS4 7.67 4015
EPS5 14.96 515
EPS6 23.86 5745
EPS7 35.62 6715
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Fig. 5. Loss factor relationship with frequency in different

thickness samples.
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and the average thickness of the cell wall.
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samples and the average thickness of the cell wall.

o alie b s 0LE Wdshe ol s Calis S
Slllas 55 (g ey Slaginl 53 Shigr ol Jo 2 Xy,
st 8 )l edalie [YY] Coul ol sdalis 55 Lopattananon
Al 03 Ol Jy slagidal (S 5 e oS xSlss b
Wad sl 83101 555 S o asidie il Jsho o)l g0 Casloins
Sl ol ulaw a ng el ol gL 5 g
adshe Culis mig sdiz e 5 Ll (Saly dok o)l
L bl slons dute 510 el b gl 5l Blamil (AL jes 28
Wl S s
S Sl 5 s LEPSS 5 EPS2 & sad aslis opioman
ol a3 ¥ Jod e (il 03 S Gaseie dad a6 )l 5s

ol (slad sad Stig Oge3l =Y Jsir

Table 4. The results of the resilience test of foam samples.

Average cell wall thickness Resilience
Sample

(pm) %)
EPS1 14.64 8.10
EPS2 15.03 8.23
EPS3 18.15 8.35
EPS4 7.67 7.45
EPS5 14.96 8.23
EPS6 23.86 9.36
EPS7 35.62 12.91
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