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In the field of industrial process automation, the accurate measurement of liquid
levels is fundamental to safety, efficiency, and quality control. For chemical
engineers and instrumentation specialists dealing with monomers like methy!|
acrylate, understanding the electrical properties of the medium—specifically the
dielectric constant—is the first step in selecting the correct instrumentation. The
dielectric constant of methyl acrylate determines how electromagnetic waves
interact with the liquid surface, directly influencing the performance of radar and
capacitance-based level sensors.

Methyl acrylate (CsHe0O2) is a volatile, clear liquid used extensively in the
production of acrylic fibers, polymers, and resins. Because it is a polar solvent with
a moderate dielectric constant, it presents specific opportunities and challenges
for level measurement. This guide explores the technical implications of the
dielectric constant of methyl acrylate and provides a framework for selecting and
installing level measurement solutions.

Understanding Dielectric Principles in Level
Measurement

Before selecting a sensor, it is essential to understand why the dielectric constant
($er$) matters. The dielectric constant, or relative permittivity, is a measure of a
material's ability to store electrical energy in an electric field. In level
measurement, it primarily affects two types of technology: Radar (microwave) and
Capacitance.

| Radar Measurement Principle

Radar level meters, whether non-contact or guided wave, operate by emitting
high-frequency electromagnetic pulses. These pulses travel through the air (or
vapor space) and reflect off the surface of the liquid. The strength of the reflection
is governed by the difference in the dielectric constants of the two media (usually
air and the liquid).

The reflection coefficient (I') can be simplified as:

= ('\/Er- 1)/(\/Er + 1)

Welk Reference Guide 2



WELK REFERENCE GUIDE Dielectric Constant of Methyl Acrylate

If a liquid has a very low dielectric constant (e.g., er < 2.0), most of the radar
energy passes through the surface rather than reflecting, resulting in a weak
signal. With the dielectric constant of methyl acrylate being in the moderate range,
it provides a sufficiently strong reflection for most modern radar systems.

|Capacitance Measurement Principle

Capacitance sensors treat the tank, the probe, and the liquid as a capacitor. The
capacitance (C) is defined by the formula:

C=¢t0e(A/d)

Where g0 is the permittivity of free space, A is the surface area of the electrodes,
and d is the distance between them. As the level of methyl acrylate rises, it
replaces air (¢r = 1) between the probe and the tank wall. Because the dielectric
constant of methyl acrylate is significantly higher than air, the total capacitance
increases proportionally with the level.

Physical Properties and Dielectric Constant of Methyl
Acrylate

Methyl acrylate is a polar molecule due to the presence of the carbonyl group
(C=0). This polarity results in a dielectric constant that is higher than that of
simple hydrocarbons but lower than that of water or alcohols.

| Dielectric Constant Value

At room temperature (20°C to 25°C), the dielectric constant of methyl acrylate is
approximately 6.6.

This value is not static; it is influenced by several process conditions:

1. Temperature: As temperature increases, the molecular motion increases, which
typically causes a slight decrease in the dielectric constant. For methyl acrylate,
the change is relatively linear within standard operating ranges, but it must be
accounted for in high-precision capacitance measurements.
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2. Frequency: The dielectric constant can vary depending on the frequency of the
measurement signal. However, for standard industrial radar (6GHz to 80GHz) and
capacitance (kHz range) sensors, the value of 6.6 remains a reliable baseline.

3. Purity: The presence of water (- = 80) or other impurities can significantly shift
the effective dielectric constant of the mixture.

|Comparison with Related Compounds

To put the dielectric constant of methyl acrylate into perspective, consider its
peers in the acrylate family:

Methyl Methacrylate (MMA): &- = 3.0 (Lower polarity)
Ethyl Acrylate: er = 6.2
Butyl Acrylate: er = 4.6

Because methyl acrylate has a dielectric constant of 6.6, it is considered a
"friendly" medium for radar measurement, as it reflects approximately 15-18% of
the incident radar energy.

| Impact of Dielectric Constant on Sensor Selection

Choosing the right instrument requires balancing the dielectric properties with the
physical characteristics of the chemical, such as its volatility and tendency to
polymerize.

| 1. Non-Contact Radar (80 GHz FMCW)

For methyl acrylate, 80 GHz Frequency Modulated Continuous Wave (FMCW) radar
is often the preferred choice. The moderate dielectric constant ensures a clear
return signal, while the high frequency allows for a narrow beam angle. This is
particularly useful in tanks with internal obstructions or agitators. Since it is
non-contact, there is no risk of the monomer polymerizing on the probe.
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| 2. Guided Wave Radar (GWR)

Guided wave radar uses a physical probe to lead the microwave signal to the liquid
surface. While GWR is excellent for low-dielectric liquids, it may be less ideal for
methyl acrylate if the process conditions promote polymerization. If the monomer
hardens on the probe, it can create a "coating" that shifts the dielectric interface,
leading to measurement errors.

| 3. Capacitance Level Transmitters

Capacitance is a cost-effective solution for methyl acrylate, provided the
temperature remains relatively stable. Since the dielectric constant is 6.6, there is
a significant enough difference from air (er = 1) to provide high resolution.
However, continuous calibration may be required if the process temperature
fluctuates wildly.

| 4. Ultrasonic Level Sensors

Ultrasonic sensors are independent of the dielectric constant. However, they are
sensitive to vapor density and temperature gradients. Methyl acrylate has a high
vapor pressure (approximately 92 hPa at 20°C). This vapor can attenuate the
sound signal or change the speed of sound, leading to inaccuracies. Therefore,
radar is generally superior to ultrasonic for this specific application.

| Comparison of Measurement Technologies

The following table summarizes the suitability of various technologies based on the
dielectric constant of methyl acrylate and its chemical properties.
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Technology Suitability Sensitivity to Maintenance
Er Level

80GHz Radar Excellent Moderate Low Best for volatile
liguids;
non-contact
prevents
buildup.

Guided Wave Good High Medium Risk of

Radar polymerization

on the probe.

Capacitance Fair Very High Medium Requires stable
temperature
and clean
probe.

Ultrasonic Poor None Low High vapor
pressure causes
signal
interference.

Hydrostatic Good None Medium Independent of
dielectric;
depends on
density.

For engineers looking to evaluate specific hardware options, visiting the Main Page
of a specialized manufacturer like Welk can provide detailed technical
specifications for radar and ultrasonic models.

| Installation and Engineering Considerations

When installing a level meter in a methyl acrylate tank, the dielectric constant is
only one part of the equation. Engineers must also consider the physical
environment.
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| Nozzle Geometry

For non-contact radar, the nozzle height and diameter should be optimized to
prevent internal reflections (ringing). Because the dielectric constant of methyl
acrylate (6.6) provides a moderate reflection, the signhal-to-noise ratio is usually
good, but a tall, narrow nozzle can still interfere with the signal if the beam angle is
too wide.

| vapor and Condensation

Methyl acrylate is highly volatile. Condensation on the sensor face can occur.
While the dielectric constant of the liquid is 6.6, a film of liquid on the antenna can
attenuate the signal. Choosing a radar with a PTFE or PEEK lens antenna helps
shed condensation and prevents the monomer from sticking to the sensor.

| Safety and Hazardous Areas

Methyl acrylate is flammable (Flash point = 2°C). Any instrument used must be
appropriately rated (e.g., ATEX/IECEx Zone 0 or Zone 1). The electrical properties
of the device must ensure that no ignition source is introduced into the tank,
regardless of whether it is a capacitance probe or a radar antenna.

| Agitation and Turbulence

If the tank is agitated, the surface of the methyl acrylate will be turbulent. A
dielectric constant of 6.6 is high enough that the radar will likely maintain a lock on
the signal, but software filtering (damping) should be applied to average out the
waves. In extreme cases, a stilling well may be required, though this increases the
risk of polymer buildup.

| Limitations and Maintenance

While the dielectric constant of methyl acrylate makes it relatively easy to detect,
there are limitations to keep in mind:
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Polymerization: This is the primary risk. Methyl acrylate can polymerize into a solid
plastic. If this occurs on a capacitance probe or a GWR cable, the sensor will
eventually fail or provide a constant "high level" reading. Non-contact radar is the
standard defense against this.

Bottom Echoes: In small tanks or when the tank is nearly empty, the radar signal
may pass through the liquid and reflect off the bottom of the tank. With a dielectric
constant of 6.6, the signal is usually strong enough that the "bottom echo" is not
an issue, but for very shallow levels (less than 100mm), the sensor's "dead zone"
must be considered.

Density Changes: If using hydrostatic pressure for level measurement, remember
that while it is independent of the dielectric constant, it is highly dependent on
density. Methyl acrylate has a density of approximately 0.95 g/cm? at 20°C, which
changes with temperature.

| Frequently Asked Questions

Q: Can | use a standard water-calibrated radar for methyl acrylate?

A: Most modern radars are self-calibrating regarding the dielectric constant,
provided it is above a certain threshold (usually 1.4 to 1.9). Since methyl acrylate
is 6.6, a standard radar will work, but you should input the dielectric constant into
the software settings to optimize the signal processing and threshold values.

Q: How does the dielectric constant of methyl acrylate affect the "blocking
distance"?

A: The blocking distance (or dead zone) is primarily a function of the sensor's
electronics and frequency. However, higher dielectric liquids allow for more
precise measurement near the top of the tank because the surface reflection is
easier to distinguish from the antenna's internal noise.

Q: Is a stilling well necessary for methyl acrylate?

A: Generally, no, if using an 80GHz radar. The narrow beam can avoid most
obstacles. A stilling well is only recommended if there is extreme foam or if you
are using a technology that requires a very stable surface. Note that stilling wells
are difficult to clean if polymerization occurs.
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Q: Does the dielectric constant change if the methyl acrylate is inhibited?

A: Methyl acrylate is usually shipped with an inhibitor like Hydroquinone
Monomethyl Ether (MEHQ) to prevent premature polymerization. These inhibitors
are present in parts-per-million (ppm) concentrations and do not significantly alter
the dielectric constant of the bulk liquid.

By focusing on the dielectric constant of methyl acrylate and the associated
chemical risks, process engineers can ensure a reliable, low-maintenance level
measurement installation. For further technical support and hardware selection,
reviewing professional resources and manufacturer data on the Main Page is
recommended to match the instrument to the specific vessel requirements.
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