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In industrial process engineering, the management of ime—whether in the form of
quicklime (calcium oxide) or hydrated lime (calcium hydroxide)—presents a unique
set of challenges for instrumentation. Lime is a foundational material in flue gas
desulfurization (FGD), water treatment, steel manufacturing, and chemical
processing. However, its physical properties, including high dust generation, low
dielectric constants, and the tendency to form coatings on sensor faces, require
specialized lime instruments to ensure process continuity and inventory accuracy.

Selecting the correct level measurement technology involves understanding the
physics of the material and the specific environment of the storage vessel. This
guide examines the measurement principles, selection criteria, and installation

best practices for lime instruments in modern industrial applications.

| Measurement Principles for Lime Applications

Before selecting a specific device, engineers must evaluate how different sensing
technologies interact with lime. The most common methods include non-contact
radar, ultrasonic sensors, and mechanical point-level switches.

| Radar Level Measurement (Non-Contact)

Radar technology, particularly high-frequency 80 GHz radar, has become the
industry standard for lime silos. The principle relies on the emission of
electromagnetic pulses (FMCW or pulse radar) that travel at the speed of light,
reflect off the surface of the lime, and return to the sensor. The time-of-flight is
used to calculate the distance.

For lime instruments, 80 GHz radar is preferred over lower frequencies (such as 26
GHz) because it offers a much narrower beam angle. A narrow beam (often as
small as 3 degrees) allows the sighal to avoid internal silo obstructions like
ladders, bracing, and the build-up on silo walls. Furthermore, the high frequency is
better at penetrating the heavy dust clouds generated during pneumatic filling
operations.
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| Ultrasonic Level Measurement

Ultrasonic sensors use sound waves to measure level. While cost-effective, they
are generally limited in lime applications. In dry lime silos, the high concentration
of suspended dust particles can absorb or scatter sound waves, leading to signal
loss. However, ultrasonic sensors remain a viable option for lime slurry (lime milk)
tanks where dust is not a factor but the liquid surface is turbulent.

| Guided Wave Radar (GWR)

Guided Wave Radar utilizes a probe or cable that extends into the material. The
radar pulse travels along the waveguide, reflecting off the surface. While GWR
provides a very strong signal, it is often avoided in large lime silos because the
heavy downward pull (tensile load) of the lime as it settles can damage the probe
or even pull the silo roof inward. GWR is better suited for smaller, shallow lime bins
or process tanks.

|Point Level Detection (Mechanical and Vibrating)

For high-level alarms and overfill protection, point-level lime instruments are
essential.

1. Rotary Paddle Switches: A motor rotates a paddle; when material covers the
paddle, the rotation stops, triggering a switch. These are robust but subject to
mechanical wear.

2. Vibrating Tuning Forks: These sensors vibrate at a specific frequency. When
covered by lime, the vibration is dampened. Modern tuning forks for solids are
designed to be extremely sensitive to low-density powders like hydrated lime.

Welk Reference Guide 3



WELK REFERENCE GUIDE Lime Instruments

| Practical Selection Criteria for Lime Instruments

When evaluating lime instruments, the selection depends heavily on the state of
the material (dry powder vs. liquid slurry) and the vessel dimensions. The following
table provides a comparison of technologies based on typical lime processing
requirements.

m 80 GHz Radar m Rotary Paddle Tuning Fork

Application Continuous Silo Slurry Tank High/Low Alarm High/Low Alarm
Level Level

Dust Tolerance Excellent Poor Excellent Good

Measurement Up to 120m Up to 15m N/A (Point) N/A (Point)

Range

Dielectric Handles Low DK N/A N/A N/A

Constant

Maintenance Low Moderate High Low
(Non-contact) (Mechanical)

Cost Higher Moderate Low Moderate

| Material Characteristics and Dielectric Constants

One of the most critical factors for radar-based lime instruments is the dielectric
constant (er) of the material. Quicklime typically has a dielectric constant between
2.0 and 2.5, while hydrated lime can be as low as 1.5 to 1.8. Materials with low
dielectric constants reflect less radar energy. Therefore, the radar sensor must
have a high dynamic range and sensitive signal processing to distinguish the weak
reflection from the background noise of a dusty silo.

| Installation Considerations and Best Practices

Proper installation is as important as technology selection. Even the most
advanced lime instruments will fail if positioned incorrectly.
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| Avoiding the Fill Stream

Lime silos are often filled pneumatically, creating a high-velocity stream of
material and air. Sensors should never be mounted directly in the path of the
incoming lime. This prevents physical damage to the instrument and avoids "false
highs" caused by the sensor detecting the falling material rather than the
accumulated level.

| Managing the Angle of Repose

Lime is a bulk solid that forms a cone shape when filled and an inverted cone when
discharged. This is known as the angle of repose. Lime instruments should be
mounted at a distance of approximately 1/6th to 1/3rd of the silo diameter from
the wall. This positioning provides an "average" level reading that most accurately
represents the volume of the material.

| Nozzle Design and Build-up

Nozzle height should be kept to a minimum. Long, harrow nozzles can create
"ringing" or internal reflections that interfere with the radar signal. For lime
applications prone to coating, using a sensor with a flush-mounted PTFE lens
antenna is recommended. PTFE has non-stick properties, and the flat face is less
likely to trap dust than a traditional horn antenna. In extreme cases, an air purge
connection can be used to blow compressed air across the sensor face to keep it
clear.

| Limitations and Common Risks

Despite advancements, there are inherent risks in lime level measurement:

Bridging and Rat-holing: Lime is notorious for "bridging" (forming a crust over the
discharge outlet) or "rat-holing" (material sticking to the sides while the center
empties). A level sensor only measures the point directly beneath it. If rat-holing
occurs, the sensor might indicate the silo is full even if the center is empty. Using
multiple point-level switches or a 3D solids scanner can mitigate this risk.

Welk Reference Guide 5



WELK REFERENCE GUIDE Lime Instruments

Extreme Dust: During pneumatic filling, the dust density can become so high that
even radar signals are attenuated. In these scenarios, the sensor must have
advanced software algorithms to track the level through the noise.

Abrasiveness: Lime slurry is abrasive. When measuring slurry levels, contact-based
sensors like pressure transmitters must have wear-resistant diaphragms, often
made of ceramic or specialized alloys.

| Frequently Asked Questions (FAQ)

Q: Can | use a pressure transmitter for lime silo level?

A: Hydrostatic pressure transmitters are excellent for lime slurry tanks, but they
are generally not used for dry lime silos. Dry powders do not behave like fluids and
do not exert pressure uniformly, making hydrostatic readings inaccurate for solids.

Q: How do | handle the high temperatures of lime coming off a kiln?

A: If the lime is being measured immediately after a kiln or cooler, temperatures
can exceed 200°C. In these cases, lime instruments should be equipped with
high-temperature cooling flanges or stand-offs to protect the electronics from heat
damage.

Q: Is 80 GHz radar always better than 26 GHz for lime?

A: In most cases, yes. The smaller wavelength of 80 GHz radar reflects better off
the fine particles of lime powder, and the narrower beam is easier to aim in
crowded silo environments. However, 26 GHz may still be used in smaller bins
where dust is minimal.

Q: How often do lime instruments require calibration?

A: Radar and ultrasonic sensors are typically "set and forget" once the initial
mapping of the silo (to ignore internal obstructions) is complete. Mechanical
switches should be inspected every 6 to 12 months for physical wear or material
build-up.
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| Conclusion

Accurate level measurement in lime applications requires a move away from
"one-size-fits-all" instrumentation. By prioritizing high-frequency radar for
continuous silo monitoring and robust vibrating switches for point detection,
operators can significantly reduce maintenance costs and prevent process
interruptions. For those looking to explore specific hardware configurations and
technical specifications, it is advisable to consult a professional manufacturer. You
can Review product options and application support on the Welk Main Page to find
tailored solutions for industrial level measurement.

By understanding the measurement principles and respecting the physical
limitations of the environment, engineers can ensure that their lime instruments
provide reliable data for years of operation.
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