Liquid Chemistry

A practical guide to liquid chemistry, covering the reader intent, the relationship to
liquid chemistry, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.
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In industrial process automation, the term "liquid chemistry" encompasses the
diverse range of physical and chemical properties that define a fluid's behavior
within a storage tank or process vessel. For engineers and plant operators,
understanding the specific liquid chemistry of a medium is the foundational step in
selecting an accurate and reliable level measurement system. Whether dealing
with aggressive acids, volatile hydrocarbons, or viscous slurries, the interaction
between the liquid and the sensor determines the longevity of the equipment and
the precision of the data collected.

Selecting the wrong instrumentation for a specific liquid chemistry can lead to
catastrophic sensor failure, environmental leaks, or significant process downtime.
This guide examines the principles of level measurement as they relate to
chemical properties, provides selection criteria for various industrial fluids, and
outlines best practices for installation and maintenance.

Principles of Level Measurement in Chemical
Applications

Before selecting a device, it is essential to understand how different technologies
interact with the liquid chemistry they are intended to monitor. Level
measurement technologies are generally categorized into non-contact and contact
methods.

| Non-Contact Technologies

Radar Level Measurement:

Radar sensors, particularly frequency-modulated continuous wave (FMCW) radar,
emit high-frequency microwave pulses. These pulses travel through the air space
(ullage) and reflect off the surface of the liquid. The key factor here is the dielectric
constant ($&er$) of the liquid chemistry. Liquids with high dielectric constants, such
as water-based solutions, reflect signals strongly. Conversely, hydrocarbons with
low dielectric constants may require more sensitive radar units or guided wave
versions to ensure a reliable return signal.
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Ultrasonic Level Measurement:

Ultrasonic sensors transmit sound waves that bounce off the liquid surface. The
time-of-flight is used to calculate the distance. However, the liquid chemistry
significantly impacts the gas phase above the liquid. If the chemical is highly
volatile or creates steam, the speed of sound in the vapor space changes, which
can introduce measurement errors unless temperature and gas-density
compensation are applied.

| Contact Technologies

Hydrostatic Pressure Measurement:

This method relies on the principle that the pressure at the bottom of a vessel is
proportional to the height of the liquid column and its density ($P = pgh$). In this
context, the liquid chemistry's density is the most critical variable. If the chemical
composition or temperature changes, the density fluctuates, requiring recalibration
to maintain accuracy.

Magnetic Level Gauges:

These utilize a float containing an internal magnet assembly that moves with the
liquid level. The float's buoyancy is specifically engineered based on the liquid
chemistry's specific gravity. These are ideal for high-pressure or toxic applications
where a physical visual indicator is required without exposing the operator to the
process fluid.

| Key Evaluation Criteria for Liquid Chemistry

When evaluating a liquid for level measurement, four primary chemical
characteristics must be analyzed: corrosivity, dielectric constant, viscosity, and
vapor pressure.
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| 1. Corrosivity and Material Compatibility

Corrosive liquid chemistry is perhaps the most significant challenge in the chemical
and wastewater industries. Strong acids like hydrochloric acid (HCI) or sulfuric acid
($H2S04$%) will rapidly degrade standard 316L stainless steel. In these
environments, wetted parts must be constructed from or coated with chemically
resistant materials such as PTFE (Polytetrafluoroethylene), PVDF (Polyvinylidene
fluoride), or specialized alloys like Hastelloy C. Non-contact radar is often preferred
here as the sensor can be isolated from the corrosive fumes by a plastic flange or
window.

| 2. Dielectric Constant ($er$)

In radar applications, the dielectric constant determines how much energy is
reflected back to the sensor.

- High $er$ (>10): Water, acids, and alkalis. These provide excellent reflection.

- Low $er$ (1.5 to 4): Oils, solvents, and liquefied gases. These require
high-sensitivity radar or guided wave radar (GWR) where the probe
concentrates the energy.

| 3. Viscosity and Coating Tendencies

Some liquid chemistry is inherently "sticky" or prone to crystallization. In such
cases, contact sensors like tuning forks or displacement floats can become
weighed down or stuck. For highly viscous fluids, non-contact radar or hydrostatic
transmitters with flush diaphragms are recommended to prevent material buildup
from interfering with the moving parts or small orifices.
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| 4. Vapor, Foam, and Turbulence

Chemical reactions often produce foam or heavy vapors. Foam can absorb
ultrasonic sound waves or scatter radar signals. If the liquid chemistry is prone to
foaming, a low-frequency radar or a bypass pipe (stilling well) may be necessary to
provide a clear surface for measurement.

| Technology Selection Table

The following table provides a general guideline for selecting level measurement
technologies based on common liquid chemistry profiles.

Chemical Category Recommended Preferred Wetted Challenges
Technology Materials

Strong Acids/Bases Non-contact Radar / BEEE, PVBE, BEA Corrosive fumes,
Ultrasonic vapor

Hydrocarbons/Qils Guided Wave Radar/  Stainless Steel 316L Low dielectric
Magnetic constant

Slurries/Wastewater Hydrostatic / Radar Ceramic Diaphragm / Solids buildup,

EEEE abrasion
Volatile Solvents Radar (High 316L / Glass seals Vapor density shifts
Frequency)
Deionized Water Ultrasonic / 316L Stainless Steel Low conductivity

Hydrostatic

For a comprehensive review of specific instrument specifications and compatibility
charts, engineers can consult the Main Page of professional instrumentation
manufacturers like Welk to ensure the hardware matches the process
requirements.
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Installation Considerations for Challenging
Chemicals

Proper installation is as critical as sensor selection when dealing with complex
liguid chemistry. Even the most advanced radar sensor will fail if installed in a
position where chemical condensate can pool on the antenna.

1. Nozzle Geometry: For non-contact sensors, the nozzle height and diameter must
be optimized. In corrosive environments, a "flush mount" using a PTFE sealing disc
prevents acidic vapors from entering the nozzle and corroding the sensor housing.

2. Stilling Wells and Bypass Chambers: If the liquid chemistry is turbulent or
covered in foam, installing the sensor inside a stilling well (a vertical pipe) can
provide a calm surface. This is particularly effective for low-dielectric liquids like
liquid nitrogen or light hydrocarbons.

3. Temperature Isolation: Many chemical processes operate at high temperatures
(above 150°C / 302°F). Using cooling fins or remote-mounted electronics can
protect the sensitive circuitry from the heat generated by the liquid chemistry.

4. Venting: For hydrostatic sensors in sealed tanks, the reference side of the
pressure diaphragm must be vented to the atmosphere or the tank's vapor space
to account for changes in headspace pressure.

| Limitations and Operational Risks

While modern instrumentation is robust, every technology has its limits regarding
liquid chemistry:

Ultrasonic Limitations: Ultrasonic sensors generally fail if there is a vacuum or if
the gas composition in the tank is inconsistent (e.g., a mix of Nitrogen and Carbon
Dioxide), as the speed of sound becomes unpredictable.

Radar Limitations: While radar is highly versatile, it can struggle with extremely
low dielectric liquids ($er$ < 1.4) unless a guided wave probe or a stilling well is
used to amplify the signal return.
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Hydrostatic Limitations: These sensors cannot distinguish between a change in
level and a change in density. If the liquid chemistry involves mixing two fluids of
different densities, the level reading will be inaccurate unless a secondary density
compensation sensor is used.

| Frequently Asked Questions (FAQ)

Q: How does temperature change affect liquid chemistry measurement?

A: Temperature primarily affects density and dielectric constants. For hydrostatic
sensors, a rise in temperature usually decreases density, causing the sensor to
under-report the actual level. For radar, temperature changes are less impactful,
but extreme heat can affect the electronics if not properly dissipated.

Q: What is the best way to measure the level of a foaming chemical?

A: High-frequency radar (80 GHz) is often the best choice because its narrow beam
can sometimes penetrate light foam. However, for thick, dense foam, a Guided
Wave Radar (GWR) or a displacement-based magnetic gauge is more reliable as
they physically penetrate the foam layer to reach the liquid.

Q: Can | use the same sensor for different chemicals in a multi-purpose tank?

A: Only if the materials of construction are compatible with all possible liquid
chemistries. Furthermore, if using hydrostatic or ultrasonic sensors, the device
may need to be recalibrated for each different chemical to account for density or
speed-of-sound variations.

Q: Is PTFE always the best choice for corrosive liquids?

A: While PTFE is extremely resistant to most liquid chemistry, it is porous at high
pressures and can be permeated by certain gases. In high-pressure, highly toxic
applications, a tantalum or Monel diaphragm might be required.
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| Conclusion

Successful level measurement in industrial environments requires a deep dive into
the liquid chemistry of the process. By considering factors such as corrosivity,
dielectric properties, and viscosity, engineers can select a solution that provides
long-term accuracy and safety. Manufacturers like Welk offer a wide range of
radar, ultrasonic, and hydrostatic instruments designed to withstand the rigors of
modern chemical processing. For more information on selecting the right tool for
your application, visit the Main Page to explore technical documentation and
product configurations.



