WELK | REFERENCE GUIDE

Battery Minerals

A practical guide to battery minerals, covering the reader intent, the relationship to
battery minerals, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Battery Minerals

The global transition toward electrification and renewable energy storage has
placed an unprecedented demand on the production and refining of battery
minerals. Elements such as lithium, cobalt, nickel, manganese, and graphite are
the cornerstones of modern lithium-ion battery (LIB) technology. However, the
extraction and processing of these materials involve some of the most challenging
industrial environments, characterized by corrosive chemicals, abrasive slurries,
and extreme temperatures.

For process engineers and plant managers, maintaining precise inventory control
and process stability is essential. Accurate level measurement is a critical
component in optimizing the yield of battery mineral refining. This guide explores
the technical principles of level measurement within the battery minerals sector
and provides a framework for selecting the most reliable instrumentation for these
demanding applications.

| Core Level Measurement Principles

Before selecting a device for processing battery minerals, it is vital to understand
the underlying physical principles of the various measurement technologies
available. Each technology interacts differently with the physical properties of the
mineral or chemical being measured.

|Radar Level Measurement (ToF)

Radar level meters operate on the Time-of-Flight (ToF) principle. The device emits
high-frequency electromagnetic waves (typically in the 26GHz or 80GHz range)
toward the material surface. The waves are reflected back to the sensor, and the
distance is calculated based on the time interval between emission and reception.

In the context of battery minerals, 80GHz high-frequency radar is often preferred
due to its narrow beam angle, which allows it to avoid internal tank obstructions
and handle the low dielectric constants often found in dry mineral powders.
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| Ultrasonic Level Measurement

Ultrasonic sensors emit mechanical sound pulses. These pulses reflect off the
surface of the medium and return to the transducer. The sensor calculates the
level based on the speed of sound. While cost-effective, ultrasonic measurement is
sensitive to air temperature fluctuations, heavy dust, and surface foam, which can
attenuate the sound signal. It is most commonly used in water treatment stages of
mineral processing or in open-air brine ponds.

| Hydrostatic Level Measurement

This principle relies on the relationship between the height of a liquid and the
pressure it exerts at the base of a vessel. A pressure transmitter at the bottom of
the tank measures the head pressure, which is then converted to a level reading
based on the known density of the fluid. This is a contact-based method and
requires the sensor diaphragm to be chemically compatible with the process fluid,
such as the sulfuric acid used in nickel leaching.

| Magnetic Level Gauges

Magnetic level gauges utilize a float containing a magnet that moves with the
liquid level inside a bypass chamber. Outside the chamber, magnetic flags or a
transmitter track the float's position. This provides a clear visual indication and a
continuous electronic signal without the electronics coming into direct contact with
the process medium.

Level Measurement Challenges in Battery Mineral
Processing

The processing of battery minerals involves several distinct stages, each
presenting uniqgue hurdles for instrumentation.
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1. Corrosive Environments: Lithium extraction often involves high concentrations
of brine or hydrochloric acid. Nickel and cobalt refining frequently use
high-pressure acid leaching (HPAL). Sensors must be constructed from or coated
with resistant materials like PTFE, PVDF, or Hastelloy.

2. Abrasive Slurries: Many stages involve mineral ores suspended in liquid. These
slurries can be highly abrasive, quickly wearing down contact-based sensors.
Non-contact radar is often the solution of choice here.

3. Dust and Vapor: In the final stages of producing lithium carbonate or nickel
sulfate powders, heavy dust is prevalent. Similarly, hot chemical tanks produce
thick vapors. Both can interfere with the signals of traditional ultrasonic sensors.

4. Vessel Geometry: Many refining tanks are equipped with agitators, heating coils,
and baffles. These internal structures can create false echoes for level sensors if
the beam angle is too wide.

| Selecting Instrumentation for Specific Minerals

|Lithium Extraction (Brine and Spodumene)

For brine-based lithium extraction, large evaporation ponds require robust level
monitoring. Ultrasonic sensors are often used for their cost-efficiency over large
distances, provided they have temperature compensation. In the refining plant,
where lithium is converted to lithium hydroxide or carbonate, 80GHz radar is
recommended for its ability to penetrate steam and ignore agitator blades in
reaction vessels.

| Nickel and Cobalt Refining

Nickel and cobalt are often processed via HPAL or solvent extraction. These
processes involve high temperatures (up to 250°C) and high pressures. Hydrostatic
transmitters with remote seals or high-temperature-rated radar antennas are
necessary. For solvent extraction settlers, where multiple liquid interfaces exist,
specialized radar or magnetic level gauges are required to distinguish between the
organic and aqueous phases.
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| Graphite and Manganese Processing

Graphite is highly conductive and generates significant dust during drying and
bagging. Non-contact radar with a dust-proof flange and an air purge system is
essential to prevent material buildup on the antenna, which could otherwise lead
to signal loss.

Technical Selection Matrix for Battery Mineral
Applications

The following table provides a general guideline for selecting level measurement
technologies based on the specific requirements of battery minerals processing.

Application Stage Typical Medium Recommended Key Benefit

Technology

Brine Ponds Lithium Brine Ultrasonic / Radar Wide area coverage,
non-contact

Leaching Tanks Acid Slurry 80GHz Radar Corrosion resistance,
ignores foam

Storage Silos Mineral Powder High-Frequency Penetrates dust,
Radar narrow beam

Chemical Reactors Reagents/Solvents Magnetic Level Visual local check +
Gauge remote signal

Waste Water Process Effluent Hydrostatic / Cost-effective,
Ultrasonic reliable

Acid Storage Concentrated H2504 Hydrostatic (PTFE) Direct pressure

measurement

For a detailed look at specific sensor models and technical data sheets, please
refer to our Main Page.
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| Installation and Engineering Considerations

Proper installation is as critical as selecting the right technology. When installing
level meters in a battery minerals facility, consider the following:

Nozzle Height and Diameter: For radar units, ensure the nozzle is as short as
possible to prevent sighal interference from the nozzle walls. The diameter should
be sufficient to accommodate the antenna type (e.g., horn or lens).

Beam Angle and Obstructions: Calculate the beam spread at the bottom of the
tank. Ensure the signal path is clear of agitators, ladders, and fill streams. 80GHz
radars typically offer a beam angle as narrow as 3°, providing much more
flexibility than 26GHz models.

Chemical Compatibility: Always verify that the wetted parts (the parts of the
sensor touching the process) are compatible with the chemicals. In lithium and
nickel refining, PTFE (Teflon) or ceramic faces are standard for radar antennas to
prevent corrosion.

Mounting Position: Sensors should not be mounted in the center of a tank (to avoid
multiple reflections) or too close to the wall (to avoid signal attenuation). Ideally,
the sensor should be placed at 1/3 to 1/2 of the tank radius.

| Limitations and Operational Constraints

While modern instrumentation is highly advanced, no single technology is
universal.

Dielectric Constant (er): Radar relies on the dielectric constant of the material.
Some battery minerals in dry powder form have very low er (below 2.0), which
reflects very little energy. In these cases, high-sensitivity radar or guided wave
radar (GWR) may be required.

Surface Turbulence: In high-speed mixing tanks, the liquid surface may be
extremely turbulent or vortexed. This can scatter radar and ultrasonic signals.
Using a stilling well or a bypass chamber can provide a calm surface for accurate
measurement.
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Pressure and Temperature Limits: Always check the maximum operating limits.
Standard sensors may fail if exposed to the high-pressure environments of an
autoclave without specialized cooling or isolation components.

|Frequent|y Asked Questions (FAQs)

Q: Why is 80GHz radar preferred over 26GHz for battery mineral silos?

A: 80GHz radar has a much shorter wavelength, which results in a narrower beam
and better reflection from low-dielectric solids. It also handles the heavy dust
found in graphite or lithium carbonate silos more effectively.

Q: Can ultrasonic sensors be used in acid leaching tanks?

A: It is generally not recommended. Acid leaching often produces vapors and
foam. Ultrasonic signals are easily absorbed by foam and distorted by vapor
density changes, leading to inaccurate readings. Non-contact radar is a more
reliable choice.

Q: How do you measure the level of a slurry with high solid content?

A: Non-contact radar is ideal because it is not affected by the density or
abrasiveness of the slurry. If a contact method is required, a hydrostatic
transmitter with a flush diaphragm (made of a wear-resistant material) can be
used.

Q: Is maintenance frequent for these sensors?

A: Non-contact sensors like radar require very little maintenance since they do not
touch the medium. However, in high-dust applications, a periodic check of the
antenna face or the use of an automatic air-purge system is recommended to
ensure optimal signal strength.
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| Conclusion

The production of battery minerals is a complex, high-stakes industry where
process efficiency directly impacts the bottom line and the global energy
transition. By understanding the principles of radar, ultrasonic, and hydrostatic
measurement, and by carefully considering the chemical and physical challenges
of the refining process, engineers can implement level measurement solutions that
provide long-term reliability and accuracy. Selecting the right instrument involves
a balance of chemical compatibility, physical constraints, and the specific
properties of the mineral in question. For comprehensive technical support and
product options tailored to industrial automation, visit the Main Page of Welk's
measurement resource center.
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