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In the field of industrial process control, the dielectric constant (relative
permittivity) is a fundamental parameter that dictates the success or failure of
various level measurement technologies. For engineers and plant managers
handling polystyrene—whether in the form of raw pellets, expanded beads, or
liqguid monomers—understanding the dielectric constant for polystyrene is
essential for selecting the correct instrumentation.

Polystyrene is a versatile polymer, but its electrical properties present specific
challenges for sensors that rely on electromagnetic wave reflection or
capacitance. This article provides a technical deep dive into these properties and
offers practical guidance on selecting level measurement solutions for polystyrene
applications.

Measurement Principles and the Role of Dielectric
Constant

Before selecting a sensor, it is necessary to understand how the dielectric constant
($er3$) influences measurement. Most modern level transmitters, particularly radar
and capacitance-based systems, are sensitive to the electrical characteristics of
the medium.

|Radar Level Measurement (Time of Flight)

Radar level meters emit electromagnetic pulses (microwaves) that travel through
the air and reflect off the surface of the material. The strength of this reflection is
directly proportional to the dielectric constant of the material. The reflection
coefficient (I') can be simplified by the following relationship:

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

Materials with a high dielectric constant, such as water (er = 80), reflect almost all
the radar energy. Conversely, materials with a low dielectric constant, like the
dielectric constant for polystyrene, reflect very little energy. If the $er$ is too low
(typically below 1.4 for non-contact radar), the signal may pass through the
material and reflect off the bottom of the tank instead of the surface.
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| Capacitance and RF Admittance

Capacitive sensors treat the tank and the probe as two plates of a capacitor, with
the process material acting as the dielectric. The capacitance (C) is defined as:

$$C = €0 er \frac{A}{d}$%

Where $£0$ is the permittivity of free space, $AS$ is the area of the plates, and $d$
is the distance between them. A change in the level of polystyrene causes a
change in the total capacitance. Because the dielectric constant for polystyrene is
relatively low, these sensors must be highly sensitive to detect the small changes
in capacitance as the level rises and falls.

Dielectric Constant for Polystyrene: Values and
Variations

Polystyrene exists in several physical states, and its effective dielectric constant
varies significantly depending on its density and the presence of air within the
material matrix.

| Solid Polystyrene (GPPS and HIPS)

General Purpose Polystyrene (GPPS) and High Impact Polystyrene (HIPS) in pellet or
sheet form typically have a dielectric constant ranging from 2.4 to 2.7. In this
range, the material provides a sufficient reflection for most high-frequency radar
units and guided wave radar (GWR) systems.

| Expanded Polystyrene (EPS)

Expanded Polystyrene, commonly known as foam or beads, presents a much
greater challenge. Because EPS is composed of approximately 95% to 98% air, its
effective dielectric constant is very close to that of a vacuum ($&er$ = 1.0). For EPS
beads, the dielectric constant for polystyrene is often measured between 1.02 and
1.05. This extremely low value makes the material nearly "invisible" to standard
non-contact radar.
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| Liquid Styrene Monomer

In the chemical processing stage, liquid styrene monomer typically exhibits a
dielectric constant of approximately 2.43 at 20°C. While this is higher than the
foam form, it still qualifies as a low-dielectric liquid, requiring sensitive electronics
for accurate measurement.

Typical Dielectric Constant | Measurement Difficulty
($er$)

Polystyrene Pellets (Solid) 2.4-2.7 Moderate
Polystyrene Resin/Liquid 24-25 Moderate
Expanded Polystyrene (EPS) 1.02-1.1 High
Beads

Polystyrene Foam (Solid 1.03 -1.9 High
Block)

| Selecting Level Measurement Technology

When dealing with the dielectric constant for polystyrene, the choice of technology
depends on the physical form of the material and the vessel geometry. For a
comprehensive overview of available instruments, visit our Main Page.

| 1. Guided Wave Radar (GWR)

GWR is often the preferred choice for low-dielectric solids and liquids. By using a
physical probe (waveguide), the radar pulse is concentrated, reducing the signal
attenuation that occurs in open space.

- Pros: Highly reliable for $er$ as low as 1.4. With "End of Probe" (EoP) shift
technology, some GWR units can measure materials with $&r$ down to 1.1.

- Cons: Contact-based; the probe is subject to mechanical stress in tall silos
filled with heavy pellets.
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|2. High-Frequency Non-Contact Radar (80 GHz)

Modern 80 GHz radar transmitters have improved the ability to measure
low-dielectric materials. The higher frequency allows for better beam focusing and
a higher dynamic range, which helps in picking up the faint reflections from the
dielectric constant for polystyrene pellets.

- Pros: Non-contact, maintenance-free, works well with solid pellets ($er$ > 2.0).

- Cons: May struggle with extremely low-density EPS beads unless the surface is
very flat and the distance is short.

| 3. Ultrasonic Level Sensors

Ultrasonic sensors rely on sound waves rather than electromagnetic waves.
Because sound reflects off the physical density interface rather than depending on
electrical properties, the dielectric constant for polystyrene does not affect
ultrasonic performance.

- Pros: Independent of dielectric constant.

- Cons: Highly sensitive to dust, which is common in polystyrene pellet handling.
They also have limited range in vacuum or high-pressure environments.

| 4. Capacitance/Admittance Switches

For point-level detection (high or low-level alarms), capacitance switches are
effective. However, they must be calibrated specifically for the low $&r$ of
polystyrene to distinguish between the material and the air.

Practical Selection Table for Polystyrene
Applications
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Application Recommended Technology

Raw Pellet Silos 80 GHz Non-contact Radar Handles the angle of repose
and dust well; $er$ is
sufficient.

EPS Bead Storage Guided Wave Radar (GWR) Concentrates signal to detect

the very low $sr$ (1.05).

Styrene Liquid Tanks GWR or 80 GHz Radar Reliable measurement of
low-dielectric liquids.

Small Hoppers Ultrasonic or Capacitance Cost-effective for short
ranges where dust is
manageable.

Overfill Protection Vibrating Fork or Capacitance  Independent of continuous
level tracking; provides
redundant safety.

| Installation Considerations for Polystyrene

When installing level meters in polystyrene applications, several physical factors
must be addressed alongside the dielectric constant for polystyrene.

| Angle of Repose

Polystyrene pellets and beads form a cone when loaded into a silo. This angled
surface reflects radar signals away from the sensor. Using a mounting flange that
allows for sensor tilting can help align the radar beam perpendicular to the slope,
maximizing the returned signal.

| Dust and Static Electricity

Polystyrene processing often generates significant dust and static charges.

1. Dust: Can coat the lens of a radar or ultrasonic sensor. Units with a purging air
connection or a PTFE-faced antenna are recommended to prevent buildup.
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2. Static: Polystyrene is an excellent insulator. Static discharge can interfere with
electronic components. Ensure all probes and tanks are properly grounded.

| Signal Attenuation in EPS

In silos containing EPS beads, the radar signal may penetrate deep into the
material rather than reflecting off the top. If using GWR, ensure the probe is long
enough to reach the bottom, and utilize software features that can track the "pulse
end" to calculate the level based on the propagation delay through the medium.

| Limitations and Challenges

While technology has advanced, there are inherent limitations when the dielectric
constant for polystyrene is extremely low:

- Bottom Reflections: In nearly empty tanks, the radar may see the metal
bottom of the tank more clearly than the polystyrene surface. Mapping out the
"empty tank profile" (False Signal Suppression) is a critical commissioning step.

- Moisture Content: If the polystyrene becomes wet, the dielectric constant will
rise sharply (water er = 80). This can lead to measurement errors if the sensor
is calibrated for dry material.

- Vacuum Conditions: If the process involves a vacuum, ultrasonic sensors will
not work as sound requires a medium to travel. Radar is unaffected by vacuum.

|Frequent|y Asked Questions (FAQs)

Q: Can | use a standard radar for Expanded Polystyrene (EPS)?

A: Standard 6 GHz or 26 GHz non-contact radars often fail with EPS because the
reflection is too weak. An 80 GHz radar or a Guided Wave Radar with high
sensitivity is required.

Q: How does temperature affect the dielectric constant for polystyrene?
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A: For solid polystyrene, the dielectric constant is relatively stable across standard
processing temperatures (20°C to 100°C). However, as the material approaches its
glass transition temperature and changes density, slight fluctuations in $er$ may
occur.

Q: Why is my radar reading the bottom of the tank when the silo is half full of
beads?

A: This is common with low-dielectric materials. The radar signal passes through
the beads and reflects off the more conductive metal floor. You may need to
increase the gain/sensitivity or use a GWR probe.

Q: Does the color of the polystyrene pellets affect the measurement?

A: No. The dielectric constant for polystyrene is determined by its molecular
structure and density, not by pigments or dyes used in the plastic.

| Conclusion

Successful level measurement of polystyrene requires a careful match between
the material's physical form and the sensor's sensitivity to low dielectric constants.
While solid pellets are manageable with modern 80 GHz non-contact radar,
expanded beads often necessitate the use of Guided Wave Radar to overcome the
challenges of an extremely low dielectric constant for polystyrene. By considering
the angle of repose, dust, and potential signal penetration, engineers can ensure
accurate and reliable inventory management in any polystyrene application.
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