WELK | REFERENCE GUIDE

Dielectric Constant of Pmma

A practical guide to dielectric constant of pmma, covering the reader intent, the
relationship to dielectric constant of pmmma, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Dielectric Constant of Pmma

In the field of industrial level measurement, understanding the electrical properties
of materials is essential for accurate sensor selection and system design.
Polymethyl Methacrylate (PMMA), commonly known by trade names such as
Plexiglass or Acrylic, is a transparent thermoplastic widely utilized in chemical
processing, water treatment, and laboratory environments. One of the most critical
parameters for engineers when integrating PMMA into a process—whether as a
viewing window, a protective barrier for sensors, or a tank material—is the
dielectric constant of pmma.

This physical property determines how the material interacts with electromagnetic
fields, directly impacting the performance of radar level meters and capacitive
level switches. This guide provides a technical analysis of PMMA’s dielectric
characteristics, its influence on measurement technologies, and practical
engineering considerations for industrial applications.

| Measurement Principles and the Dielectric Constant

Before evaluating specific materials, it is necessary to understand the role of the
dielectric constant ($er$), also known as relative permittivity. In the context of
level measurement, the dielectric constant is a measure of a material's ability to
store electrical energy in an electric field. It is a dimensionless ratio comparing the
permittivity of the material to the permittivity of a vacuum.

| Radar Level Measurement

Radar level transmitters, particularly non-contacting and guided wave radar
(GWR), rely on the reflection of microwave pulses. When a microwave signal
traveling through air (with a dielectric constant of approximately 1) hits a medium
with a different dielectric constant, a portion of the energy is reflected back to the
sensor. The strength of this reflection is governed by the difference in dielectric
constants between the two media.

If the target medium has a low dielectric constant, the reflection is weak, making
measurement more challenging. Conversely, if PMMA is used as a "window"
through which a radar signal must pass, its dielectric constant determines how
much the signal is attenuated or refracted as it moves toward the actual process
medium.
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| Capacitive Level Sensing

Capacitive sensors treat the probe and the vessel wall (or a ground reference) as
plates of a capacitor. The material between them acts as the dielectric. As the
level of a material like PMMA beads or liquid acrylic components rises, the overall
capacitance changes in proportion to the material's dielectric constant. Accurate
calibration of these sensors requires precise knowledge of the dielectric constant
of pmma to distinguish between the presence of the product and air.

| Technical Profile: Dielectric Constant of PMMA

PMMA is categorized as a low-dielectric material. Its electrical properties are stable
compared to many other polymers, but they are not static. The dielectric constant
of PMMA typically ranges between 2.6 and 4.0, depending on several
environmental and physical factors.

| Frequency Dependence

Like most polymers, PMMA exhibits frequency-dependent dielectric behavior. In
low-frequency applications (under 1 kHz), the dielectric constant tends to be higher
(near 3.6 to 4.0). However, in the microwave frequencies used by industrial radar
level meters (typically 6 GHz, 26 GHz, or 80 GHz), the dielectric constant of PMMA
stabilizes toward the lower end of the spectrum, often cited between 2.6 and 3.0.

| Temperature Sensitivity

The dielectric constant of PMMA increases slightly as temperature rises. As the
polymer chains gain thermal energy, molecular dipoles can align more easily with
an external electric field. For most industrial applications within the standard
operating range of PMMA (-40°C to +80°C), this shift is minimal but should be
accounted for in high-precision capacitive systems.
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| Moisture Absorption

While PMMA is relatively hydrophobic compared to nylon, it can absorb a small
amount of water (up to 0.3% by weight). Because water has a very high dielectric
constant (~80), even trace amounts of moisture within the PMMA structure can
disproportionately increase its overall dielectric constant. This is a critical factor in
outdoor installations or high-humidity process environments.

| PMMA in Level Measurement Applications

Understanding the dielectric constant of pmma allows engineers to use the
material effectively in several measurement configurations.

| 1. Radar Pressure Windows

In many chemical applications, the radar sensor must be isolated from the process
atmosphere to prevent corrosion or contamination. A PMMA disk is often used as a
pressure window. Because PMMA has a relatively low dielectric constant, radar
waves can pass through it with minimal reflection loss. However, engineers must
calculate the optimal thickness of the PMMA window to avoid internal resonance or
"ghost" reflections that could interfere with the primary level signal.

| 2. Measurement of PMMA Solids

In the plastics manufacturing industry, level sensors are used to monitor silos filled
with PMMA pellets or powder. Since the dielectric constant of solid PMMA is low
(~2.6), the reflected signal in radar applications is significantly weaker than that of
water or metallic ores. This often necessitates the use of high-sensitivity radar
units or Main Page solutions designed for low-dielectric solids.
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| 3. Sight Glass Integration

PMMA is frequently used for sight glasses in non-pressurized tanks. While the
human eye uses the optical transparency, a capacitive switch mounted on the
outside of a PMMA sight glass relies on the dielectric constant to "see through" the
wall and detect the liquid level inside.

Technical Selection Table: Dielectric Properties of
Common Materials

For comparative purposes, the following table illustrates how PMMA compares to
other common materials encountered in level measurement.

Typical Dielectric Constant | Application in Level
(er) Sensing

PMMA (Acrylic) 2.6 -3.7 Windows, sight glasses, silos

PTFE (Teflon) 20-2.1 Chemical-resistant sensor
coatings

Polycarbonate 2.9-3.0 Impact-resistant windows

Glass (Borosilicate) 4.0-7.0 High-temperature sight
glasses

Water (Pure) 80 Standard high-reflection
liquid

Diesel Fuel 2l Low-dielectric hydrocarbon
liquid

| Installation and Engineering Considerations

When designing a system involving PMMA and level instrumentation, several
practical factors must be addressed to ensure long-term reliability.
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| Signal Attenuation

When a radar signal passes through a PMMA barrier, a small percentage of the
energy is lost due to dielectric heating (dissipation factor). While PMMA has a
relatively low loss tangent, thick barriers can still weaken the signal. For 80 GHz
radar systems, which have shorter wavelengths, the thickness of the PMMA should
ideally be an integer multiple of the half-wavelength within the material to
maximize transmission.

| Surface Condensation

While the dielectric constant of pmma itself is low, the formation of a water film on
the surface of a PMMA window will effectively create a high-dielectric shield. This
can block radar signals entirely. In applications where condensation is likely, PMMA
surfaces should be angled or treated with hydrophobic coatings to encourage
droplet runoff.

| Mechanical Limitations

PMMA is susceptible to crazing and stress cracking when exposed to certain
solvents (such as alcohols or esters). If the structural integrity of a PMMA window
fails, the resulting change in material density and the potential ingress of process
fluids will alter the effective dielectric constant and lead to measurement errors.

| Limitations of Using PMMA with Level Sensors

Despite its utility, PMMA is not suitable for all environments:

High Temperature: PMMA begins to soften above 90°C (194°F). For
high-temperature steam or oil applications, borosilicate glass or ceramic windows
are preferred despite their higher dielectric constants.

Abrasive Materials: PMMA is relatively soft and can be scratched by abrasive solids
like sand or glass cullet. Surface scarring can cause scattering of high-frequency
radar signals.
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Chemical Compatibility: PMMA should not be used with concentrated acids or
strong oxidizing agents, as chemical degradation will alter its electrical and
physical properties.

| Frequently Asked Questions

Q: Can a standard radar sensor measure the level of PMMA pellets?

A: Yes, but the sensitivity must be high. Because the dielectric constant of PMMA
pellets is low and the surface is irregular, much of the radar energy is scattered.
Using a sensor with a large antenna or a high-frequency (80 GHz) beam is
recommended for better focusing and signal return.

Q: How does the dielectric constant of PMMA affect capacitive limit switches?

A: The switch must be calibrated to the specific dielectric constant of the PMMA. If
the switch is calibrated for a high-dielectric material like water but used to detect
PMMA, it may fail to trigger because the change in capacitance is too small.

Q: Is the dielectric constant of PMMA the same as Polycarbonate?

A: They are similar (PMMA is ~2.6-3.7 and Polycarbonate is ~2.9-3.0), but PMMA
generally has a broader range depending on the specific grade and additives. For
critical radar window calculations, the specific manufacturer's datasheet should be
consulted.

| Conclusion

The dielectric constant of pmma is a foundational parameter for engineers
designing level measurement systems in the chemical and plastics industries.
Whether utilizing PMMA as a process window or measuring the material itself in a
storage silo, its relative permittivity dictates the choice of technology and the
configuration of the sensor. By accounting for frequency, temperature, and
moisture, process professionals can ensure that their level measurement solutions
remain accurate and reliable. For more information on selecting the right
instrumentation for your specific material properties, you may Review product
options and application support to find the ideal match for your industrial
requirements.
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