WELK | REFERENCE GUIDE

Dielectric Constant for Teflon

A practical guide to dielectric constant for teflon, covering the reader intent, the
relationship to dielectric constant for teflon, 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 for Teflon

In the field of industrial level measurement, understanding the electrical properties
of materials is fundamental to selecting the correct instrumentation. One of the
most critical parameters is the dielectric constant (relative permittivity), denoted
as r. This value determines how a material interacts with electromagnetic fields,
directly impacting the performance of radar level meters and capacitance-based
sensors. Among the various materials used in chemical processing, water
treatment, and industrial automation, Teflon (Polytetrafluoroethylene or PTFE)
stands out for its unique electrical and chemical properties. This guide explores the
dielectric constant for Teflon and its practical implications for process engineering
and level measurement.

| Understanding the Measurement Principles

Before diving into the specific values for Teflon, it is essential to understand how
the dielectric constant influences level measurement technologies. Most modern
industrial sensors manufactured by companies like Welk rely on either
electromagnetic wave reflection or electrical charge storage.

| Radar Level Measurement

Radar level meters, both non-contact and guided wave (GWR), operate by emitting
high-frequency microwave pulses. These pulses travel through the air or a buffer
gas and reflect off the surface of the medium being measured. The strength of this
reflection is primarily determined by the difference between the dielectric constant
of the upper medium (usually air, where er = 1) and the lower medium (the
product).

Materials with a high dielectric constant, such as water (er = 80), reflect a
significant portion of the radar signal, making them easy to measure. Conversely,
materials with a low dielectric constant, such as hydrocarbons or Teflon-based
powders, reflect very little energy. If the dielectric constant is too low, the signal
may pass through the material entirely, reflecting instead off the bottom of the
tank.
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| Capacitance Level Measurement

Capacitance sensors treat the probe and the tank wall (or a reference probe) as
two plates of a capacitor. The material between them acts as the dielectric. The
capacitance (C) is calculated by the formula:

C=¢goer(A/d)

Where:

€o is the permittivity of free space.

er is the dielectric constant of the material.
A is the area of the electrodes.

d is the distance between them.

Because the dielectric constant for Teflon is constant and predictable, itis
frequently used as an insulating layer for capacitance probes, especially in
corrosive environments where metal electrodes would otherwise degrade.

The Dielectric Constant for Teflon: Technical
Specifications

Teflon is widely recognized in the industry for its exceptional chemical resistance
and thermal stability. From an electrical perspective, it is a near-perfect insulator.
The dielectric constant for Teflon is remarkably low and remains stable across a
wide range of frequencies and temperatures.
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Material Property Value (Typical)

Dielectric Constant (er) at 1 MHz 2.1

Dielectric Strength 18-20 kV/mm
Dissipation Factor < 0.0001
Operating Temperature Range -200°C to +260°C

The value of 2.1 is significantly lower than many other industrial plastics and
liquids. For engineers, this low value means that Teflon is "transparent" to many
types of electromagnetic radiation. In radar level measurement, this property
allows Teflon to be used as a lens material or a protective seal (iso-adapter) for
antennas without significantly attenuating the signal.

| Teflon in Level Sensor Construction

Because of its chemical inerthess and specific dielectric properties, Teflon is
integrated into level measurement hardware in several ways. When reviewing
product options and application support on the Main Page, it is common to find
Teflon listed as a wetted material option.

| Antenna Lenses and Windows

In non-contact radar meters, the antenna must often be protected from corrosive
vapors or pressurized environments. A Teflon disc or "lens" is placed over the
antenna opening. Because the dielectric constant for Teflon is low (2.1), the
microwave energy passes through the lens with minimal refraction or loss,
ensuring the beam remains focused and the signal-to-noise ratio remains high.

| Probe Insulation and Coating

For Guided Wave Radar (GWR) and capacitance probes, Teflon is used to coat the
metal rods or cables. This serves two purposes:
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1. Chemical Protection: It prevents the process media from corroding the stainless
steel probe.

2. Signal Integrity: In GWR applications, a Teflon coating can help reduce the
"clinging" effect of viscous liquids, which can cause false level readings. The low
dielectric constant of the coating ensures that the electromagnetic pulse remains
concentrated around the conductor rather than being dissipated into the coating
itself.

| Material Comparison and Selection Table

When selecting a level transmitter, engineers must compare the dielectric
constant of the process medium against the materials used in the sensor's
construction. The following table provides a comparison of Teflon (PTFE) with other
common materials found in industrial tanks.

Dielectric Constant (zr) Common Use in Level
Sensing
Air / Vacuum 1.0 Reference medium for radar
travel.
Teflon (PTFE) 2.1 Antenna lenses, probe

coatings, seals.

Polypropylene (PP) 2.3 Low-cost probe insulation,
chemical tanks.

Polyethylene (PE) Z2:75 Float materials, plastic tank
construction.

Mineral Qil 2.0-25 Process medium (requires
high-sensitivity radar).

Glass (Borosilicate) 40-4.5 Sight glasses,
high-temperature windows.

Water (20°C) 80.1 Process medium (very strong
radar reflection).

Acetone 21.0 Process medium (moderate
reflection).
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| Engineering and Installation Considerations

When dealing with materials that have a dielectric constant similar to Teflon (er =
2.1), specific engineering challenges arise. If the medium being measured has a
dielectric constant below 2.5, standard radar signals may struggle to produce a
clear echo.

| Sensitivity and Gain Settings

Modern radar level meters from Welk include advanced signal processing
algorithms. When measuring low-dielectric materials like Teflon powders or oils,
the "gain" or sensitivity of the receiver must be increased. This allows the sensor
to detect the weak reflection from the surface. However, increasing gain also
increases the risk of detecting "noise" from tank internal structures (like ladders or
agitators).

| Stillpipe and Coaxial Probe Usage

To overcome the challenges of low dielectric constants, engineers often use
stillpipes or coaxial GWR probes. A stillpipe (a vertical pipe installed inside the
tank) acts as a waveguide, concentrating the radar energy and preventing it from
scattering. For GWR, a coaxial probe (a rod inside a tube) provides the highest
possible signal efficiency, making it the preferred choice for media with a dielectric
constant as low as 1.4.

| Temperature and Pressure Effects

While the dielectric constant for Teflon is stable, the dielectric constant of the
process gas above the liquid can change with pressure and temperature. In
high-pressure steam applications, the er of the gas phase can rise above 1.0, which
slows down the speed of light (and thus the radar pulse). This results in a
measurement error known as "propagation delay." While Teflon components in the
sensor are unaffected, the overall system calibration must account for these
environmental factors.
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| Limitations and Practical Constraints

Despite its advantages, there are limitations to using Teflon in level measurement
applications:

1. Vacuum Deformations: In high-vacuum applications, Teflon coatings on probes
can sometimes experience "cold flow" or delamination if not properly bonded to
the metal substrate.

2. Electrostatic Charge: Because Teflon is such an excellent insulator, it can
accumulate static electricity in dry powder applications. This can interfere with
sensitive electronic circuits if the sensor is not properly grounded.

3. Thermal Expansion: Teflon has a relatively high coefficient of thermal expansion
compared to metals. In applications with extreme temperature cycling (e.g., -50°C
to +200°C), the seals and lenses must be designed to allow for this expansion to
prevent mechanical failure.

| Frequently Asked Questions (FAQ)

Q: Does the dielectric constant for Teflon change at high frequencies?

A: No, one of the primary reasons Teflon is used in high-frequency radar (26 GHz
or 80 GHz) is that its dielectric constant remains extremely stable from DC up to
the millimeter-wave spectrum.

Q: Can | use a radar level meter to measure the level of Teflon pellets in a silo?

A: Yes, but since the dielectric constant for Teflon is low (2.1), you should use a
high-frequency (80 GHz) radar with a large dynamic range or a guided wave radar
with a coaxial probe to ensure a reliable surface reflection.

Q: Why is PFA sometimes used instead of PTFE (Teflon)?

A: PFA (Perfluoroalkoxy) has a dielectric constant very similar to PTFE (approx.
2.1), but it is melt-processible. This allows for smoother, more uniform coatings on
complex probe shapes, which is beneficial in hygienic or high-purity applications.
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Q: How does moisture affect the dielectric constant of Teflon-coated probes?

A: Teflon is hydrophobic, meaning it repels water. This prevents a moisture film
from forming on the probe, which would otherwise change the effective dielectric
constant and lead to measurement errors in capacitance or radar systems.

| Conclusion

The dielectric constant for Teflon is a foundational value in the design and
application of industrial level measurement instruments. Its low value of 2.1 makes
it an ideal material for protective components like lenses and coatings, ensuring
that the sensor remains protected from harsh chemicals without sacrificing signal
integrity. However, when the material being measured also has a low dielectric
constant, engineers must carefully select the appropriate technology—such as
high-frequency radar or coaxial guided wave probes—to ensure accuracy.

For professionals seeking to implement these solutions, Welk provides a range of
radar and ultrasonic sensors designed to handle the complexities of low-dielectric
media. Understanding these material properties is the first step toward a reliable,
maintenance-free level measurement installation.
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