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In industrial process engineering, the term "lime unit of measurement" refers to
the standardized methods used to quantify the volume, mass, and level of
calcium-based materials, such as quicklime (calcium oxide) and hydrated lime
(calcium hydroxide). These materials are foundational in water treatment, flue gas
desulfurization, and chemical manufacturing. However, because lime is a dry bulk
solid with specific physical properties—including low density, high dust generation,
and a variable angle of repose—measuring it accurately requires a deep
understanding of both the units involved and the sensing technologies that track
them.

Effective inventory management and process automation depend on converting
raw sensor data (typically distance in meters or millimeters) into actionable units
like cubic meters or metric tons. This guide explores the principles of lime
measurement, the units used in global industry, and the selection criteria for
instrumentation used to monitor this challenging material.

Understanding Lime Properties and Measurement
Units

Before selecting a sensor or defining a measurement strategy, engineers must
account for the physical state of the lime. Lime is rarely stored as a liquid; it is

almost exclusively handled as a powder or granule in large silos. This leads to a
distinction between three types of measurements:

1. Level Measurement (Linear Units): Measured in meters (m) or millimeters (mm).
This represents the distance from the sensor to the surface of the lime pile. In the
United States, feet (ft) and inches (in) are also common.

2. Volume Measurement (Volumetric Units): Measured in cubic meters (m3) or
cubic feet (ft?). This is calculated by applying the level measurement to the silo's
geometry.

3. Mass Measurement (Weight Units): Measured in kilograms (kg) or metric tons (t).
This is the most common "lime unit of measurement” for commercial transactions

and chemical dosing. It is calculated by multiplying the volume by the bulk density
of the material.

Welk Reference Guide 2



WELK REFERENCE GUIDE Lime Unit of Measurement

| The Challenge of Bulk Density

Bulk density is the most significant variable when calculating mass from level.
Quicklime typically has a bulk density ranging from 800 to 1,100 kg/m3, while
hydrated lime is much lighter, often between 400 and 600 kg/m3. Because lime can
aerate (expand) during pneumatic conveying or compact over time in a silo, the
relationship between level and mass is not always linear.

| Measurement Principles for Lime Silos

To establish a reliable lime unit of measurement in a B2B industrial context, two
primary non-contact technologies are used: Radar and Ultrasonic. Each operates
on different physical principles that interact differently with lime's properties.

|Radar Level Measurement (Time of Flight)

Radar level meters, particularly those operating at high frequencies like 80GHz,
are the industry standard for lime. They emit an electromagnetic pulse that travels
to the material surface and reflects back to the sensor.

Dielectric Constant (er): Radar relies on the reflectivity of the material. Lime has a
relatively low dielectric constant, typically between 2.0 and 3.0. While this is lower
than liquids, modern high-frequency radar sensors have the sensitivity to detect
these weak reflections reliably.

Dust Penetration: One of the primary advantages of radar is that electromagnetic
waves are not affected by the heavy dust clouds generated during silo filling. This
ensures a continuous lime unit of measurement even during active pneumatic
loading.

|Ultrasonic Level Measurement (Sound Waves)

Ultrasonic sensors emit mechanical sound waves. The time it takes for the echo to
return determines the distance.
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Medium Dependency: Unlike radar, sound requires air to travel. Changes in air
temperature or pressure can affect the speed of sound, requiring compensation.

Dust Interference: In lime applications, dust is a major deterrent for ultrasonic
sensors. The suspended particles can absorb or scatter the sound waves, leading
to signal loss. Consequently, ultrasonic is generally reserved for small, low-dust
lime pits or liquid lime slurry tanks rather than large powder silos.

| Selection Criteria for Lime Measurement Systems

Choosing the correct instrument to define your lime unit of measurement depends
on several environmental factors. The following table provides a comparison for
engineering selection:

80GHz Radar Level Ultrasonic Level Guided Wave

Meter Sensor Radar (GWR)
Primary Unit Distance (m/mm) Distance (m/mm) Distance (m/mm)
Dust Tolerance Excellent Poor Excellent
Measurement Range Up to 120m Up to 30m Up to 30m (limited

by cable)

Contact Type Non-contact Non-contact Contact (Cable/Rod)
Dielectric Sensitivity High Sensitivity N/A (Mechanical High Sensitivity

Required Wave) Required
Maintenance Low Moderate (Clean Moderate (Cable

sensor face) wear)

For engineers looking to integrate these sensors into a broader automation
framework, reviewing various product options and application support on the Main
Page of professional manufacturers is recommended to ensure compatibility with
specific silo geometries.
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Installation Considerations for Accurate
Measurement

To ensure the lime unit of measurement remains accurate, the physical installation
of the sensor must account for the behavior of bulk solids.

| 1. Angle of Repose

When lime is poured into a silo, it forms a cone. The angle of this cone (the angle
of repose) for lime is typically between 35° and 45°. If a sensor is mounted directly
over the slope, it may provide a reading that does not represent the average
volume. Ideally, the sensor should be positioned 1/6th to 1/3rd of the diameter
from the silo wall to get a representative average level.

| 2. Avoiding Obstructions

Lime silos often contain internal structures such as ladders, braces, or fill pipes.
Radar beams, though narrow, can reflect off these surfaces, creating "false
echoes." Using a sensor with a narrow beam angle (e.g., 3° for an 80GHz radar)
minimizes this risk.

| 3. Dust Management
While radar penetrates dust, heavy buildup on the sensor lens can eventually
attenuate the signal. Selecting a sensor with a PTFE (Teflon) face or an integrated

air purge connection allows for self-cleaning, ensuring the lime unit of
measurement stays consistent over months of operation.

| Limitations and Common Risks

Despite advances in technology, measuring lime presents specific risks that can
lead to inventory errors:
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Rat-Holing and Bridging: Lime is prone to sticking to silo walls or forming a hollow
core (rat-holing). In these cases, the level sensor may report that the silo is full
(measuring the rim) or empty (measuring the core), while the actual volume of
lime is significantly different. In such scenarios, multi-point measurement or
acoustic cleaners may be required.

Signal Absorption: Very fine, dry lime powder can occasionally absorb radar signals
if the frequency is too low. This is why 80GHz is preferred over older 6GHz or
26GHz models for lime applications.

Temperature Extremes: In some chemical processes, lime may be stored at
elevated temperatures. Ensure the sensor's electronics are rated for the process
environment, or use an extension neck to move the electronics away from the
heat.

| Frequently Asked Questions (FAQ)

Q: What is the most common lime unit of measurement for billing?

A: For commercial and B2B transactions, the metric ton (t) is the standard.
However, the level meter provides the real-time data in meters (m) to calculate
this mass.

Q: Can | use a hydrostatic pressure transmitter for lime?

A: Only if the lime is in a liquid slurry form. For dry powder, hydrostatic pressure is
ineffective because the material does not behave like a fluid and will not exert
uniform pressure across the sensor diaphragm.

Q: How do | convert the level reading to a mass unit?

A: You must use the formula: Mass = (Silo Cross-Sectional Area x Material Height)
x Bulk Density. Note that the "Material Height" must account for the cone shape at
the top and bottom of the silo.

Q: Is a laser level transmitter suitable for lime?
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A: Laser sensors provide excellent accuracy in clear air but fail completely in the
presence of dust. Since lime silos are almost always dusty during filling, laser is
generally not recommended.

| Conclusion

Establishing a precise lime unit of measurement is a multi-step process that begins
with understanding the material's physical properties and ends with the selection
of high-frequency radar technology. By focusing on 80GHz radar solutions,
industrial operators can overcome the challenges of dust and low dielectric
constants, ensuring that inventory levels are accurate and process interruptions
are minimized. For further technical guidance on selecting the right instrument for
your specific application, visit the Main Page for detailed specifications and
engineering support.

Welk Reference Guide 7



