Natural Gas Sweetening

A practical guide to natural gas sweetening, covering the reader intent, the
relationship to natural gas sweetening, key evaluation criteria, common risks, and

the information the intended project audience should confirm before taking the
next step.
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Natural gas sweetening is a fundamental process in the midstream oil and gas
industry, designed to remove acid gases—primarily hydrogen sulfide (H2S) and
carbon dioxide (CO2)—from raw natural gas. Raw gas containing these impurities
is referred to as "sour gas," while the processed gas, meeting pipeline
specifications, is known as "sweet gas." This purification is essential not only for
meeting safety and environmental regulations but also for preventing the
catastrophic corrosion of downstream infrastructure and ensuring the heating
value of the gas meets commercial standards.

In the context of industrial automation, the efficiency of a natural gas sweetening
plant relies heavily on precise process control. Liquid level measurement is one of
the most critical parameters in these units. Maintaining accurate levels in
absorbers, regenerators, and flash tanks prevents chemical loss, equipment
damage, and process upsets. This guide explores the engineering principles of
natural gas sweetening and the technical selection of level measurement
instruments required for these demanding environments.

The Natural Gas Sweetening Process: Amine
Treatment

While several methods exist for gas sweetening, including physical absorption and
membrane separation, the most prevalent technology is chemical absorption using
aqueous amine solutions. This process, often called Amine Treating or Gas
Tailoring, utilizes a closed-loop cycle of an organic nitrogen compound (amine) to
scrub the gas.

| The Absorption Cycle

The process begins in the Absorber Tower (or contactor). Sour gas enters the
bottom of the tower and flows upward, while a "lean" amine solution (amine that is
free of acid gases) is pumped into the top. As the two phases contact on trays or
packing, a chemical reaction occurs where the H2S and CO2 are absorbed into the
liquid phase. The now-purified sweet gas exits the top of the tower.
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| The Regeneration Cycle

The "rich" amine (amine saturated with acid gases) leaves the bottom of the
absorber and is sent to a Flash Tank, where a reduction in pressure allows
dissolved hydrocarbons to escape. Following this, the rich amine is heated and
sent to the Regenerator (or stripper). In this column, heat from a reboiler breaks
the chemical bond between the amine and the acid gases. The acid gases are
vented or sent to a sulfur recovery unit, and the regenerated "lean" amine is
cooled and pumped back to the absorber to repeat the cycle.

| Measurement Principles for Level Instrumentation

To manage the flow of amine and prevent gas carry-under or liquid carry-over,
engineers must deploy reliable level sensors. In natural gas sweetening, several
measurement principles are applied based on the specific vessel's conditions.

| Guided Wave Radar (GWR)

Guided Wave Radar operates on the principle of Time Domain Reflectometry
(TDR). A low-energy electromagnetic pulse is sent down a probe (waveguide).
When the pulse hits the surface of the amine solution, a portion of the energy is
reflected back to the transmitter because of the change in the dielectric constant
(er) between the gas and the liquid.

In sweetening units, GWR is highly valued because it is relatively unaffected by
changes in pressure, temperature, or vapor space composition. Furthermore, GWR
is the primary technology used for interface measurement in flash tanks, where it
can detect the boundary between the amine solution and condensed hydrocarbons
(oil/condensate).
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| Non-Contact Radar

Non-contact radar transmitters use Frequency Modulated Continuous Wave
(FMCW) technology. The sensor emits a continuous signal with a varying
frequency. The reflection from the liquid surface is received, and the frequency
difference between the emitted and received signal is proportional to the distance.
This method is ideal for corrosive environments where the media should not
contact the sensor probe, reducing maintenance requirements in the presence of
H25.

| Hydrostatic Pressure

Hydrostatic level measurement relies on the principle that the pressure at the
bottom of a vessel is proportional to the height of the liquid column multiplied by
its density ($P = \rho \cdot g \cdot h$). In pressurized amine towers, a differential
pressure (DP) transmitter is used. One side measures the total pressure (liquid +
gas head), and the other side measures only the gas head pressure. The difference
represents the liquid level. While cost-effective, this method requires accurate
knowledge of the amine solution's density, which can change with temperature
and chemical concentration.

| Magnetic Level Gauges (MLG)

Magnetic level gauges consist of a bypass chamber mounted to the side of the
vessel. Inside the chamber is a float containing a permanent magnet. As the liquid
level in the vessel rises and falls, the float moves accordingly. Outside the
chamber, a series of magnetic flags or a transmitter detects the float's position.
This provides both a local visual indication and a remote signal for the control
room, offering a mechanical backup that is essential for safety-critical systems.

|App|ication-Specific Selection for Sweetening Units

Selecting the right instrument depends on the specific vessel within the
sweetening unit. The following table summarizes typical selection criteria for a
standard amine plant.



Natural Gas Sweetening

Vessel Type Primary Recommended Key Challenge
Measurement Goal Technology
Absorber Tower Bottom liquid level Guided Wave Radar / High pressure (up to
control DP 100 bar), foaming
Flash Tank Amine/Hydrocarbon Guided Wave Radar Emulsion layers, low
interface dielectric oil
Regenerator Liquid level for Magnetic Level High temperature
reboiler feed Gauge / GWR (120°C - 150°C),
boiling
Amine Storage Inventory Ultrasonic / Atmospheric
management Non-contact Radar pressure, chemical
vapors
Reflux Drum Water/Amine level Non-contact Radar Small vessel size,
control rapid level changes

| Addressing the Amine Foaming Challenge

One of the most significant operational issues in natural gas sweetening is
foaming. Foaming occurs when impurities, such as condensed hydrocarbons or fine
solids, decrease the surface tension of the amine. Foam can cause false high-level
readings in traditional displacement or ultrasonic sensors.

Modern radar solutions are often preferred here because the high-frequency
sighals can partially penetrate foam, or at least detect the denser liquid surface
beneath it. For comprehensive process monitoring, engineers often use a
combination of a Main Page radar transmitter for continuous control and a
vibrating fork level switch for high-level alarm protection, as the switch is
physically triggered by the presence of liquid regardless of foam density.

| Installation and Engineering Considerations

To ensure the longevity and accuracy of level instruments in a sweetening plant,
several installation factors must be addressed:
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1. Material Compatibility: The presence of H2S and CO2 in an aqueous
environment is highly corrosive (forming weak acids). All wetted parts of the level
sensors—such as probes, flanges, and diaphragms—should be constructed from
corrosion-resistant materials. 316L Stainless Steel is a minimum requirement,
while high-nickel alloys like Hastelloy C-276 are often specified for
high-concentration sour service. Compliance with NACE MR0175/ISO 15156
standards is mandatory for metal components in these environments.

2. Stilling Wells and Bypass Chambers: For towers with internal turbulence or trays,
GWR probes should be installed within a stilling well or a bypass chamber. This
protects the probe from mechanical stress and provides a calm surface for more
accurate measurement.

3. Pressure and Temperature Ratings: Absorber towers often operate at high
pressures (up to 100 bar / 1450 psi), while regenerators operate at high
temperatures (up to 150°C / 302°F). Instruments must be selected with process
seals and housings that can withstand these extremes without leaking or failing.

4. Nozzle Positioning: Level sensors should be installed away from the amine inlet
pipes to avoid the "splash zone," which can cause signal noise and erratic
readings.

| Limitations and Maintenance

No measurement technology is without limitations. In natural gas sweetening, the
primary maintenance concerns include:

Build-up and Coating: Amine solutions can leave residues or "gunk" on sensor
probes, especially if the gas contains heavy hydrocarbons or solids. While GWR is
somewhat resistant to coating, significant build-up can attenuate the signal.
Regular inspection of bypass chambers is recommended.

Dielectric Changes: If the concentration of the amine solution changes drastically,
its dielectric constant may shift. While radar is generally robust, significant shifts in
the liquid's electrical properties can affect the reflection strength.

Seal Integrity: In sour service, the primary seal of the instrument is a critical safety
barrier. Dual-seal designs with an integrated alarm are often used to detect a
primary seal failure before toxic H2S escapes into the atmosphere.
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| Frequently Asked Questions (FAQ)

Q: Why is ultrasonic level measurement rarely used inside amine absorbers?

A: Ultrasonic sensors rely on sound waves traveling through the vapor space. In an
absorber, the vapor space is high-pressure natural gas, which has a different speed
of sound than air. Furthermore, the presence of foam and heavy vapors can absorb
the sound energy, leading to signal loss. Radar is a much more reliable choice for
these conditions.

Q: Can | use a single GWR probe to measure both the total level and the interface
in a flash tank?

A: Yes, many advanced Guided Wave Radar transmitters are capable of detecting
two reflections: one from the upper hydrocarbon layer and one from the lower
amine/water interface. This requires the upper liquid to have a lower dielectric
constant than the lower liquid.

Q: What is the benefit of using a Magnetic Level Gauge over a simple sight glass?

A: Sight glasses are prone to clouding and breakage, which is a major safety risk in
H2S service. Magnetic Level Gauges are constructed from solid metal
pressure-rated pipe, containing the process fluid entirely while providing a clear
visual and electronic level indication.

| Conclusion

Natural gas sweetening is a complex chemical process where safety and efficiency
are paramount. By understanding the chemical absorption principles of amine
units and the physical principles of level measurement—whether radar,
hydrostatic, or magnetic—engineers can design systems that minimize downtime
and prevent hazardous leaks. Selecting high-quality instrumentation tailored to the
corrosive and high-pressure nature of sour gas processing is not just a technical
requirement; it is a cornerstone of responsible industrial operation.
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For those seeking reliable measurement hardware, exploring a comprehensive
range of industrial solutions is the first step toward optimizing gas processing
performance. For detailed technical specifications and product ranges,
professionals can Review product options and application support to find the most
suitable technology for their specific site requirements.



