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In industrial process automation and bulk solids handling, the dielectric constant of
polystyrene is a critical variable that dictates the success of level measurement
instrumentation. Polystyrene (PS), a widely used synthetic aromatic hydrocarbon
polymer, presents unique challenges for sensor technologies, particularly those
relying on electromagnetic wave reflection. Understanding the relationship
between the material's physical state and its electrical properties is essential for
engineers designing storage and processing systems.

This article examines the dielectric properties of polystyrene, the principles of level
measurement applied to low-dielectric materials, and practical guidance for
selecting and installing instrumentation in polystyrene applications.

Understanding Dielectric Constant in Level
Measurement

The dielectric constant, also known as relative permittivity ($er$), is a measure of
a material's ability to store electrical energy in an electric field. In the context of
level measurement, it determines how much energy from a radar or capacitance
sensor will be reflected or absorbed by the material surface.

| The Physics of Reflection

Radar level meters operate by emitting high-frequency electromagnetic pulses or
continuous waves toward a product surface. When these waves encounter a
change in the dielectric constant (the interface between air and the product), a
portion of the energy is reflected back to the sensor. The strength of this reflection
is governed by the reflection coefficient ($I'$):

$$I = \frac{\sqrt{er} - 1}{\sqrt{er} + 1}$$

Air has a dielectric constant of approximately 1.0. If a material has a high dielectric
constant (e.g., water, $er = 80%), the reflection is very strong. However, for
materials like polystyrene, which have a low dielectric constant, the reflection is
significantly weaker. If the dielectric constant is too low, the radar signal may pass
through the material and reflect off the bottom of the tank instead of the surface,
leading to inaccurate readings.

Welk Reference Guide 2



WELK REFERENCE GUIDE Dielectric Constant Polystyrene

The Dielectric Constant of Polystyrene in Various
Forms

Polystyrene is encountered in several industrial forms, each possessing a different
effective dielectric constant due to the inclusion of air within the material
structure.

| Solid Polystyrene

Solid, high-density polystyrene typically exhibits a dielectric constant between 2.4
and 2.7. In this state, it provides a sufficient reflection for most high-frequency
radar level meters. It is commonly found in sheet manufacturing or heavy molded
part production.

| Polystyrene Pellets and Granules

In most raw material processing, polystyrene is handled as small pellets or beads.
Because the sensor "sees" a mixture of the polymer and the air gaps between the
pellets, the effective dielectric constant is lower than that of the solid material.
Depending on the packing density and pellet size, the dielectric constant of
polystyrene pellets usually ranges from 1.4 to 1.7. This is considered a "low
dielectric" application, requiring sensitive electronics and optimized antenna
designs.

| Expanded Polystyrene (EPS)

Expanded polystyrene, or foam, consists of approximately 95-98% air.
Consequently, its dielectric constant is extremely low, often ranging from 1.02 to
1.05. Measuring the level of EPS using standard non-contact radar is exceptionally
difficult because the material is nearly transparent to electromagnetic waves. In
such cases, specialized high-sensitivity radar or alternative technologies like
vibrating level switches are required.
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| Measurement Principles: Radar vs. Polystyrene

To accurately monitor polystyrene levels, engineers must choose between
different measurement principles based on the material's $er$ value.

| Non-Contact Radar (80 GHz)

Modern 80 GHz radar technology is the preferred choice for polystyrene pellets.
The high frequency allows for a narrower beam angle and better signal focusing.
This increases the energy density hitting the low-dielectric surface, maximizing the
return signal. For a detailed look at high-frequency radar options, engineers can
consult the Main Page of Welk for specific product specifications.

| Guided Wave Radar (GWR)

Guided Wave Radar uses a physical probe (cable or rod) to guide the
electromagnetic pulse to the material surface. Because the energy is concentrated
around the probe rather than spreading through free space, GWR is significantly
more effective at detecting materials with a low dielectric constant. GWR can often
detect polystyrene levels down to an $er$ of 1.4 or lower,

| Ultrasonic Sensors

Unlike radar, ultrasonic sensors rely on sound waves, which reflect off the physical
surface regardless of the material's dielectric constant. However, polystyrene
pellets are highly sound-absorbent. In large silos, the irregular surface of the
pellets can scatter sound waves, and dust generated during pneumatic conveying
can attenuate the signal, often making ultrasonic less reliable than radar in these
specific B2B environments.

| Selection Criteria for Polystyrene Level Sensors

When selecting a level meter for polystyrene, the following table summarizes the
suitability of various technologies:
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Technology

Suitability for
Pellets ($sr$
1.4-1.7)

Suitability for
EPS (%er$ <
1.1)

Dielectric Constant Polystyrene

Key
Advantage

80 GHz Radar

Guided Wave

Radar

Ultrasonic

Capacitance

Vibrating Switch

Excellent

Excellent

Fair

Good

Excellent (Point
Level)

Poor

Fair

Good

Poor

Excellent (Point
Level)

Non-contact,
high precision

Strongest signal
return

Independent of

$erg

Robust
construction

Extremely
reliable for
high/low alarm

Requires high
sensitivity for
EPS

Probe subject to
mechanical
stress

Affected by dust
and sound
absorption

Requires
constant $er$
and moisture

Point level only,
no continuous
data

| Installation and Engineering Considerations

Successful measurement of polystyrene requires more than just selecting the right
sensor; the installation environment must be carefully managed.

| Silo Geometry and Beam Angle

Polystyrene pellets are typically stored in tall, narrow silos. A radar sensor with a
wide beam angle may experience interference from the silo walls or internal
ladders. Using an 80 GHz sensor with a beam angle of 3° to 4° ensures the signal
stays clear of obstructions. The sensor should be mounted at least 500 mm
(approx. 20 inches) away from the silo wall to prevent side-lobe reflections.
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| Angle of Repose

When polystyrene pellets are filled into a silo, they form a cone (the angle of
repose). During discharge, a cone-shaped depression forms. Radar sensors must
be positioned to account for these surface profiles. In some cases, a swiveling
flange is used to aim the radar beam at the most representative part of the
material surface to ensure consistent readings.

| Dust and Static Charge

Pneumatic conveying of polystyrene generates significant dust and static
electricity. While radar waves penetrate dust effectively, a heavy buildup of dust
on the sensor lens can attenuate the signal. Sensors equipped with a PTFE (Teflon)
or PE (Polyethylene) lens cover are recommended, as these materials have low
surface tension and resist dust accumulation. Furthermore, the instrument must be
properly grounded to prevent damage from static discharge common in plastic
handling.

| Limitations of Measuring Low-Dielectric Materials

While advanced radar can handle the dielectric constant of polystyrene pellets,
there are inherent limitations to be aware of:

1. Minimum Dielectric Threshold: Most non-contact radars require a minimum $er$
of 1.4. For expanded polystyrene (EPS) beads with an $&er$ of 1.05, the
signal-to-noise ratio may be too low for reliable continuous measurement.

2. Bottom Reflections: If the silo is nearly empty, the radar signal may penetrate
the polystyrene and reflect off the metal bottom. Advanced software algorithms
(False Signal Suppression) must be used to map out the tank bottom and prevent it
from being misidentified as the product level.

3. Moisture Sensitivity: While polystyrene itself is hydrophobic, surface moisture on
pellets can drastically change the dielectric constant, leading to measurement
fluctuations. The process should remain dry for maximum accuracy.
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| Frequently Asked Questions

Why is the dielectric constant of polystyrene pellets
lower than solid polystyrene?

The dielectric constant of a bulk solid is a composite of the material and the air
between the particles. Since air has a dielectric constant of 1.0, the presence of air
gaps in a bed of pellets reduces the overall effective $er$ compared to a solid
block of the same polymer.

| Can | use a 26 GHz radar for polystyrene pellets?

While 26 GHz radar can work, it generally requires a much larger antenna to
achieve a narrow beam. In the low-dielectric environment of polystyrene, the 80
GHz frequency is superior because it provides a stronger reflection from the
surface and is less susceptible to noise.

| How does temperature affect the measurement?

Polystyrene's dielectric constant is relatively stable across standard processing
temperatures. However, if temperatures exceed 80°C (176°F), the physical state
of the polymer may begin to change, which could affect the surface profile and the
reliability of the level reading. Always ensure the sensor's operating temperature
range matches the process conditions.

Is Guided Wave Radar better than Non-Contact
Radar for PS?

For extremely low dielectric constants (near 1.4), Guided Wave Radar (GWR) is
technically more robust because the probe concentrates the electromagnetic
energy. However, GWR probes are subject to high pull-down forces in large silos as
the material settles. For silos taller than 10 meters (32.8 ft), non-contact 80 GHz
radar is often preferred to avoid mechanical failure of the probe.
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What is the best way to measure Expanded
Polystyrene (EPS)?

Due to the extremely low dielectric constant of EPS (often <1.1), continuous radar
measurement is often unreliable. The most effective approach is typically a
combination of ultrasonic sensors (if dust is managed) or mechanical/vibrating
point level switches for high and low-level protection. For critical applications,
weighing systems (load cells) may be used as an alternative to level-based
measurement.
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