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Ammonia cracking is a critical process in the modern energy landscape, serving as
a primary method for on-site hydrogen generation. By decomposing anhydrous
ammonia (NH3) into nitrogen (N2) and hydrogen (H2), industries can utilize
ammonia as a high-density hydrogen carrier. However, the process involves high
temperatures, varying pressures, and the handling of a toxic, corrosive substance.
Effective ammonia cracking plant instrumentation is essential to ensure process
efficiency, plant safety, and high-purity output.

In these facilities, level measurement instruments play a pivotal role in managing
the supply of liquid ammonia and the separation of byproduct phases. This guide
explores the measurement principles, selection criteria, and installation
requirements for level instrumentation within the ammonia cracking environment.

| Measurement Principles for Ammonia Level Control

Before selecting specific hardware, it is necessary to understand the physics
behind the measurement technologies used in ammonia cracking plant
instrumentation. Because liquid ammonia is stored under pressure or at low
temperatures, the chosen principle must account for vapor space characteristics
and fluid properties.

|Radar Level Measurement (GWR and Non-Contact)

Radar technology operates on the Time-of-Flight (ToF) principle. A sensor emits
high-frequency electromagnetic pulses that travel to the surface of the liquid
ammonia and reflect back to the receiver.

Guided Wave Radar (GWR): Uses a physical probe (rod or cable) to guide the
signal. This is highly effective for liquid ammonia because the probe concentrates
the signal, overcoming the low dielectric constant of NH3 (approximately 1.8 to
2.0). GWR is largely unaffected by the heavy vapors or turbulence found in
cracking feed tanks.

Non-Contact Radar: Emits signals through the air. While modern 80GHz radars are
highly accurate, they require careful configuration in ammonia service to account
for the signal attenuation caused by dense ammonia vapors in the tank
headspace.
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| Magnetic Level Gauges (MLG)

Magnetic level gauges utilize a float containing an internal magnet assembly. As
the liquid level in a bypass chamber rises or falls, the float moves accordingly. This
movement rotates magnetic flaps on an external scale, providing a visual
indication. For automation, a reed chain transmitter or a magnetostrictive sensor is
attached to the outside of the chamber. This provides a physical barrier between
the toxic ammonia and the electronic components, enhancing safety.

| Hydrostatic Pressure Measurement

This principle calculates the level based on the liquid head pressure. A pressure
transmitter at the bottom of the tank measures the force exerted by the liquid
column. In pressurized ammonia tanks, a differential pressure (DP) approach is
required. One sensor measures the total pressure at the bottom, while another
measures the gas phase pressure at the top. The difference between the two,
divided by the density of the ammonia, yields the level height.

| Ultrasonic Level Sensors

Ultrasonic sensors emit sound waves that reflect off the liquid surface. While
cost-effective for water treatment, their use in ammonia cracking plant
instrumentation is limited. The speed of sound is significantly affected by the
concentration of ammonia vapor and temperature fluctuations, which can lead to
measurement errors unless sophisticated compensation algorithms are applied.

Key Instrumentation Applications in the Cracking
Process

Ammonia cracking plants require precise monitoring at several stages. Each stage
presents different environmental challenges for the instruments.
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| 1. Liquid Ammonia Storage and Feed

Ammonia is typically stored in horizontal "bullets" or vertical tanks under pressures
of 8 to 10 bar (116 to 145 psi) at ambient temperatures, or at lower pressures if
refrigerated. Level sensors here must provide high-accuracy data to the PLC to
manage feed rates to the cracker. Reliability is paramount to prevent pump
cavitation or tank overfills.

| 2. Ammonia-Water Separators

In some cracking configurations, a water wash or scrubber is used to remove
residual uncracked ammonia from the hydrogen stream. Level transmitters
manage the interface between the aqgueous ammonia solution and the gas phase,
ensuring the scrubber does not flood or run dry.

| 3. Buffer and Surge Tanks
After cracking, the gas mixture may be stored in buffer tanks. If any condensation

occurs or if the system uses liquid-based purification, level switches are used as
secondary safety barriers to detect unwanted liquid accumulation in gas lines.

| Selection Table for Level Instruments

Choosing the right technology depends on the specific vessel parameters. The
following table provides a comparison for typical ammonia cracking plant
instrumentation requirements.
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Technology Accuracy Pressure Temp. Material Best Use
Range Range Compatibility| Case
Guided 2 mm Up to 400 -200°C to 316L SS, Process feed
Wave Radar bar 450°C Hastelloy tanks with
turbulence
Non-Contact +1 mm Up to 160 -60°C to PTFE / 316L Large
Radar bar 250°€ SS storage
tanks,
non-contact
needs
Magnetic +5 mm Up to 320 -196°C to 316155 Visual
Gauge bar 400°C Titanium redundancy
and
high-pressure
safety
Hydrostatic +0.1% Span High -40°C to 316L SS/ Constant
(DP) Pressure 120°C Monel density
storage
vessels
Level Switch +1 mm Up to 100 -50°C to 316155 High/Low
bar 200°C PTIEE level alarms
and
interlocking

| Installation Considerations and Best Practices

Proper installation is as critical as sensor selection. Ammonia's properties as a
hazardous and corrosive gas necessitate specific mechanical and electrical
standards.

1. Material Compatibility: Ammonia is corrosive to copper, brass, and many zinc
alloys. All wetted parts of the instrumentation must be constructed from 316L
stainless steel, PTFE, or specialized alloys. Welk level meters are typically
configured with these materials to ensure long-term resistance to chemical attack.
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2. Sealing and Containment: To prevent toxic leaks, instruments should use
dual-seal technology. For magnetic level gauges, the use of a hermetically sealed
float and a robust bypass chamber is standard. For radar and pressure
transmitters, glass-to-metal seals provide an extra layer of protection if the
primary diaphragm or seal fails.

3. Hazardous Area Certification: Ammonia cracking plants are classified as
hazardous zones due to the presence of hydrogen (Group IIC) and ammonia.
Instruments must carry ATEX, IECEX, or UL certifications for Zone 0 or Zone 1
environments. Intrinsic safety (Ex i) or Flameproof (Ex d) protection methods are
mandatory.

4. Nozzle and Stilling Well Design: For non-contact radar, the nozzle height and
diameter must be optimized to avoid signal interference from the tank walls or
internal structures like heating coils. In tanks with heavy agitation, a stilling well or
a GWR probe is recommended to provide a stable surface for measurement.

| Limitations and Environmental Factors

Engineers must be aware of the factors that can degrade the performance of
ammonia cracking plant instrumentation:

Dielectric Fluctuations: The dielectric constant of liquid ammonia changes with
temperature. GWR and radar sensors may require a reference signal or
temperature compensation to maintain millimeter-level accuracy during seasonal
temperature swings.

Vapor Attenuation: High-pressure ammonia vapor can absorb radar signals. Using
high-frequency (80GHz) radar with high signal-to-noise ratios helps mitigate this,
but in extreme cases, GWR is the more robust choice.

Gas Stratification: In hydrogen/nitrogen mix tanks, gas density can vary. This
affects hydrostatic pressure readings. If the gas density is not constant, DP
transmitters may require real-time density compensation from a gas analyzer.

|Frequent|y Asked Questions (FAQs)

Q: Can | use standard ultrasonic sensors for liquid ammonia?
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A: It is generally not recommended. Ammonia vapor significantly alters the speed
of sound, leading to large measurement errors. Furthermore, many ultrasonic
sensors use plastic faces that may not be compatible with ammonia's corrosive
nature.

Q: Why is Guided Wave Radar preferred over Hydrostatic Pressure for feed tanks?

A: GWR measures the surface directly and is not affected by changes in fluid
density. Since the temperature of ammonia can fluctuate, affecting its density,
GWR provides a more reliable volume measurement without needing constant
recalibration.

Q: How often should ammonia level instruments be calibrated?

A: For safety-critical applications, an annual calibration check is recommended.
However, many digital radar and magnetic transmitters feature self-diagnostics
that can alert operators to signal degradation before a failure occurs.

Q: Is visual level indication necessary if | have a radar sensor?

A: In many jurisdictions, a mechanical, non-powered visual indicator (like a
Magnetic Level Gauge) is required as a redundant safety measure to allow
operators to verify levels during power outages or electronic failures.

| Conclusion

Selecting the correct ammonia cracking plant instrumentation requires a balance
between accuracy, safety, and chemical compatibility. By understanding the
measurement principles of radar, magnetic, and hydrostatic systems, engineers
can design a robust control strategy that handles the unique challenges of
hydrogen production. For a comprehensive range of instruments designed for
these demanding environments, you can Review product options and application
support to find the right solution for your facility's specific requirements.

Effective instrumentation not only protects the plant's physical assets but also
optimizes the conversion efficiency of ammonia to hydrogen, ensuring a reliable
supply of clean energy for industrial applications. When implementing these
systems, always consult with a specialist to ensure compliance with local safety
codes and process specifications.
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