Chemical Level Sensor

A practical guide to chemical level sensor, covering the reader intent, the
relationship to chemical level sensor, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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In the landscape of industrial automation, the chemical level sensor stands as a
critical component for ensuring process safety, inventory accuracy, and
operational efficiency. Chemical processing environments present some of the
most challenging conditions for instrumentation, characterized by corrosive media,
extreme temperatures, high pressures, and the presence of hazardous vapors.
Selecting the appropriate technology requires a deep understanding of
measurement principles, material compatibility, and the specific physical
properties of the liquid being monitored.

As a professional manufacturer, Welk provides a comprehensive range of level
measurement instruments designed to meet these rigorous demands. This guide
serves as a practical engineering reference for selecting and implementing
chemical level sensors across various industrial applications.

| Measurement Principles and Technology Overview

Before selecting a sensor, it is essential to understand the underlying physics of
the different measurement technologies. Chemical level sensors generally fall into
two categories: non-contact and contact-based measurement.

| 1. Radar Level Measurement (Non-Contact)

Radar level meters utilize electromagnetic waves to determine the distance to the
liguid surface. There are two primary types: Frequency Modulated Continuous
Wave (FMCW) and Pulse Radar.

FMCW Radar: The sensor transmits a high-frequency signal whose frequency
increases linearly over time. The signal reflects off the chemical surface and is
received by the antenna. The frequency difference between the transmitted and
received signal is proportional to the distance. High-frequency radar (e.g., 80 GHz)
offers a narrow beam angle, making it ideal for chemical tanks with internal
obstructions like agitators or heating coils.

Pulse Radar: This method measures the time-of-flight of short microwave pulses. It
is highly effective for large-scale storage tanks.
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Radar is often the preferred choice for a chemical level sensor because the
instrument does not touch the medium, eliminating corrosion concerns for the
sensor electronics.

|2. Ultrasonic Level Measurement (Non-Contact)

Ultrasonic sensors emit high-frequency sound pulses (typically 20 kHz to 70 kHz).
The sensor measures the time it takes for the echo to return from the liquid
surface.

Principle: Distance = (Speed of Sound X Time) / 2.

Application: Best suited for stable liquids in ambient pressure tanks. However,
because sound requires a medium (air/gas) to travel, changes in gas composition,
temperature gradients, or heavy vapors common in chemical tanks can affect the
speed of sound and lead to measurement errors.

|3. Hydrostatic Level Measurement (Contact)

Hydrostatic transmitters measure the pressure exerted by the liquid column.
According to the hydrostatic paradox, the pressure at the bottom of a tank is
directly proportional to the height of the liquid and its density.

Formula: P = p X g X h (where p is density, g is gravity, and h is height).

Application: These sensors are typically mounted at the bottom or submerged. For
chemical applications, the diaphragm must be made of corrosion-resistant
materials like Tantalum, Hastelloy, or Ceramic.

|4. Magnetic Level Gauges and Switches (Contact)

Magnetic level gauges utilize a float containing a permanent magnet that moves
with the liquid level inside a bypass chamber. This magnet actuates external visual
indicators or switches.

Principle: Buoyancy and magnetic coupling.
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Application: Excellent for high-pressure and high-temperature chemicals where a
clear visual local indication is required alongside an electronic signal.

| Chemical Level Sensor Selection Criteria

Choosing the right chemical level sensor requires a systematic evaluation of the
process environment. The following table provides a comparison of common
technologies based on typical chemical plant requirements.

Technology Corrosive Pressure Temp. Accuracy Best For
Resistance Range Range
80GHz Excellent Up to 160 -40 to =1 mm Acids,
Radar (PTFE Lens) bar +200°C Solvents,
Agitated
tanks
Ultrasonic Good (Plastic Atmospheric -40 to +80°C +0.25% Water
bodies) treatment,

Open sumps

Hydrostatic Variable High -20 to +0.1% Underground
(Diaphragm +100°C tanks,
dependent) Constant

density
liquids

Guided High (Coated Up to 400 -50 to =2 mm Low

Wave Radar probes) bar +400°C dielectric

liquids,
Small
nozzles

| Material Compatibility

The most critical factor in chemical level sensing is the material of the wetted
parts. Standard 316L stainless steel is insufficient for many aggressive chemicals.

PTFE (Teflon) / PFA: Essential for strong acids like Hydrochloric (HCI) or Sulfuric
(H2504) acid. Radar antennas are often encapsulated in PTFE to prevent corrosion.



Chemical Level Sensor

PVDF: Common in ultrasonic sensor housings for chemical resistance in
wastewater applications.

Ceramic Diaphragms: Highly resistant to abrasion and chemical attack in
hydrostatic sensors.

Hastelloy C: Often used for floats or diaphragms in contact with highly reactive
organic compounds.

| Installation Considerations

Proper installation is as important as technology selection. Even the most
advanced chemical level sensor will fail if installed incorrectly.

1. Nozzle Dimensions: For radar and ultrasonic sensors, the nozzle height and
diameter must be considered to avoid "ringing" or false reflections from the nozzle
edge. A shorter, wider nozzle is generally preferred.

2. Obstructions: Ensure the sensor beam path is clear of ladders, pipes, or agitator
blades. If obstructions are unavoidable, 80GHz radar is recommended due to its
narrow beam (typically 3° to 8°).

3. Dead Zones (Blocking Distance): Every non-contact sensor has a minimum
distance it cannot measure (the dead zone). Ensure the maximum fill level of the
chemical does not enter this zone to prevent signal loss.

4. Venting: In closed chemical tanks, ensure the sensor is not placed directly under
a filling inlet, which can cause turbulence and erratic readings.

5. Grounding: In hazardous chemical environments, proper grounding is essential
to prevent static buildup, especially when using plastic tanks or handling
flammable solvents.

| Limitations and Challenges

Engineers must be aware of the physical limitations of each chemical level sensor
type:
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Vapor and Condensation: High concentrations of chemical vapors can attenuate
ultrasonic signals. For radar, heavy condensation on the antenna can cause signal
drift. Welk’s radar solutions often feature a drip-off lens design to mitigate this.

Dielectric Constant (er): Radar measurement relies on the dielectric constant of the
liquid. Hydrocarbons and solvents often have low er (below 2.0), which results in
weaker signal reflection. In these cases, Guided Wave Radar (GWR) or
high-sensitivity FMCW radar is necessary.

Foam: Heavy, dense foam can absorb radar and ultrasonic signals, leading to a
"lost echo" error. If surface foam is a constant factor, hydrostatic or magnetic level
gauges are more reliable.

Density Fluctuations: Hydrostatic sensors are sensitive to changes in liquid density.
If the chemical concentration or temperature changes significantly, the density will
shift, causing an error in the height calculation.

| Frequently Asked Questions (FAQ)

Q: Can | use an ultrasonic sensor for concentrated Nitric Acid?

A: It is generally not recommended. Nitric acid produces heavy vapors that change
the air density above the liquid, significantly affecting ultrasonic accuracy. A
non-contact radar sensor with a PTFE-faced antenna is a much more reliable
solution.

Q: How do | measure the level in a plastic IBC (Intermediate Bulk Container)?

A: For temporary chemical storage like IBCs, non-contact radar can often measure
through the plastic lid, or a small ultrasonic sensor can be mounted on a
specialized bracket. If the chemical is non-hazardous, a submersible hydrostatic
sensor is also an option.

Q: What is the best sensor for a tank with a fast-moving agitator?

A: An 80GHz radar is the best choice. Its narrow beam can be aimed between the
tank wall and the agitator blades. Additionally, advanced software filtering (False
Echo Suppression) can be used to "map out" the blades.
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Q: Are these sensors safe for explosive environments?

A: Most industrial chemical level sensors are available with ATEX, IECEXx, or UL
certifications for use in Zone 0, 1, or 2 hazardous areas. Always verify the specific
Ex-rating required for your facility.

| Conclusion

Selecting a chemical level sensor is a balancing act between chemical
compatibility, process conditions, and budget. While ultrasonic sensors offer a
cost-effective solution for simple water-based chemicals, radar technology has
become the industry standard for complex chemical processing due to its
versatility and reliability in the face of vapors and high pressures. For applications
requiring high precision and robust performance in the most demanding
environments, you can Review product options and application support on our
Main Page to find the specific instrumentation that fits your technical
requirements.

By following these engineering guidelines and carefully auditing the chemical
properties of your media, you can ensure a long-lasting and accurate level
measurement installation that enhances both safety and productivity.



