High Resolution Gas Analysis

A practical guide to high resolution gas analysis, covering the reader intent, the
relationship to high resolution gas analysis, 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 modern industrial process control, high resolution gas analysis
has emerged as a cornerstone for ensuring safety, efficiency, and environmental
compliance. While often viewed as a standalone laboratory or environmental
monitoring function, gas analysis is increasingly integrated into complex process
loops, including those governing level measurement in pressurized vessels and
chemical reactors. For engineers and plant managers, understanding the nuances
of gas composition is not merely about identifying trace contaminants; it is about
maintaining the integrity of the entire measurement infrastructure.

High resolution gas analysis refers to the ability of an analytical system to
distinguish between closely spaced spectral lines or chemical species with extreme
precision. In B2B environments such as oil and gas refining, pharmaceutical
synthesis, and advanced water treatment, this resolution is critical for preventing
cross-interference and ensuring that process variables—including the levels of
volatile liqguids—are measured accurately under varying atmospheric conditions.

Fundamental Principles of High Resolution Gas
Analysis

To appreciate the value of high resolution in gas analysis, one must first
understand the underlying physical principles that govern these measurements.
Most high-resolution systems utilize one of three primary technologies:
spectroscopy, mass spectrometry, or chromatography.

Tunable Diode Laser Absorption Spectroscopy
(TDLAS)

TDLAS is currently the gold standard for in-situ, high-resolution gas analysis. It
operates on the principle of the Beer-Lambert Law, which states that the amount
of light absorbed by a gas is proportional to its concentration and the path length
of the light.
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What makes TDLAS "high resolution" is the use of a laser with an extremely narrow
bandwidth—often less than 0.0001 nm. This allows the laser to be tuned to a
specific absorption line of the target molecule (such as H20, NH3, or CH4) without
being affected by other gases present in the mixture. This selectivity is vital in
complex chemical environments where overlapping spectral signatures would
otherwise lead to significant measurement errors.

| Gas Chromatography (GC)

Gas chromatography achieves high resolution by physically separating the
components of a gas mixture over time. A sample is carried by an inert gas
through a stationary phase (the column). Different molecules interact with the
column material at different rates, exiting at specific "retention times."
High-resolution GC utilizes long capillary columns and sensitive detectors like
Flame lonization Detectors (FID) or Thermal Conductivity Detectors (TCD) to
identify components at parts-per-billion (ppb) levels.

| Mass Spectrometry (MS)

Mass spectrometry provides resolution by measuring the mass-to-charge ratio of
ionized gas molecules. In industrial process gas analysis, MS is used when rapid
multi-component analysis is required. High-resolution mass spectrometers can
distinguish between molecules that have nearly identical nominal masses but
different exact masses, providing a level of detail that is essential for complex
hydrocarbon processing.

The Impact of Gas Composition on Level
Measurement Accuracy

One of the most critical, yet often overlooked, applications of high resolution gas
analysis is its role in supporting accurate level measurement. Technologies such as
ultrasonic and radar level meters are inherently sensitive to the medium through
which their signals travel.
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Ultrasonic Level Measurement and the Speed of
Sound

Ultrasonic level sensors calculate the distance to a liquid surface by measuring the
time-of-flight of a sound pulse. However, the speed of sound is not a constant; it
varies significantly based on the gas composition, temperature, and pressure. For
instance, the speed of sound in pure nitrogen is approximately 349 m/s at 20°C,
whereas in methane, it is approximately 446 m/s.

Without high-resolution gas analysis to provide real-time data on the vapor space
composition, an ultrasonic sensor calibrated for air will produce substantial errors
if the gas mixture shifts. High-resolution analysis allows for dynamic compensation,
ensuring the level reading remains accurate even as process gases fluctuate.

| Radar Level Measurement and Dielectric Constants

Radar level meters, particularly those operating at high frequencies like 80 GHz,
are less affected by gas composition than ultrasonic sensors. However, they are
not entirely immune. In high-pressure applications—common in the oil and gas
industry—the dielectric constant ($er$) of the gas in the vapor space can increase.
This change slows down the electromagnetic wave, leading to a "distance pulling"
effect where the measured level appears lower than it actually is. High-resolution
analysis of the gas phase allows engineers to calculate the precise refractive index
and apply the necessary corrections to the Welk radar instruments.

Selection Table for Industrial Gas Analysis
Technologies

Choosing the right analytical technology requires balancing resolution
requirements with the physical constraints of the installation site. The following
table provides a comparison of common methods used in industrial B2B
applications.
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Technology Resolution Selectivity Response Typical
Level Time Applications

TDLAS Very High Excellent < 2 seconds Ammonia slip,
moisture in HCI,
flare gas

NDIR Moderate Good 5-10 seconds CO2 monitoring,
combustion
control

Gas High Superior 2-15 minutes Natural gas

Chromatography custody
transfer, purity
analysis

Mass Very High Excellent < 1 second Multi-stream

Spectrometry process
monitoring,
pilot plants

Electrochemical Low Fair 30-60 seconds Toxic gas
detection,
oxygen
deficiency

| Practical Installation and Integration Considerations

Implementing high resolution gas analysis requires more than just selecting a
sensor; it requires a robust engineering approach to installation.

1. Sampling Systems vs. In-Situ: In-situ measurement (placing the sensor directly in
the stack or pipe) offers the fastest response time and eliminates the need for
sample lines. However, if the process gas is extremely hot (above 500°C) or
contains heavy particulate matter, an extractive sampling system may be
necessary. Extractive systems must be heat-traced to prevent condensation, which
can strip soluble gases from the sample and ruin the analysis.

2. Pressure and Temperature Compensation: Gas density is a function of pressure
and temperature. High-resolution analyzers must either be equipped with internal
compensation sensors or integrated into a control system that provides real-time
P&T data. This is especially important when the analysis data is being used to
calibrate level measurement instruments.
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3. Hazardous Area Compliance: Most gas analysis in the chemical and oil sectors
occurs in Zone 0, 1, or 2 environments. Instruments must carry appropriate ATEX,
IECEX, or UL certifications. Welk provides a range of level measurement solutions
that complement these analyzers, ensuring that the entire instrumentation suite
meets safety standards.

4. Path Length Optimization: For spectroscopic methods, the path length (the
distance the light travels through the gas) determines the detection limit. For low
concentrations, a longer path length is required. In small-diameter pipes, this may
necessitate the use of a "cross-stack"” configuration or a folded-path cell.

| Common Risks and Limitations in Gas Analysis

While high resolution gas analysis provides unprecedented clarity, it is not without
risks. Engineers must account for the following limitations:

Spectral Interference: Even with high resolution, some gas species have absorption
lines that are so close they cannot be perfectly separated. This is known as
cross-sensitivity. Advanced software algorithms are often required to deconvolve
these signals.

Window Fouling: In optical systems (TDLAS, NDIR), the interface between the
process gas and the sensor—the window—must remain clean. In dirty or oily
processes, automated air-purging or steam-cleaning systems are necessary to
prevent signal loss.

Calibration Drift: All high-resolution analyzers require periodic calibration. Using
"Certified Reference Materials" (CRM) is essential to ensure that the high resolution
translates to high accuracy. For many B2B applications, automated validation
systems are integrated to check the zero and span points daily.

| Frequently Asked Questions (FAQ)

Q: How often should high-resolution gas analyzers be calibrated?
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A: This depends on the technology. TDLAS systems are remarkably stable and may
only require validation every 6 to 12 months. Gas chromatographs, due to the
wear on columns and valves, typically require monthly or even weekly calibration
checks.

Q: Can high resolution gas analysis detect multiple gases simultaneously?

A: Yes. Modern TDLAS systems can use multiple laser diodes in a single housing to
measure up to four or five gases. Mass spectrometry and gas chromatography are
inherently multi-component technologies.

Q: Does gas composition affect hydrostatic level transmitters?

A: Indirectly. Hydrostatic transmitters measure the pressure exerted by a liquid
column. If the vessel is pressurized, the transmitter must subtract the top-side gas
pressure (using a differential pressure setup). If the gas is highly corrosive or prone
to condensation in the impulse lines, it can lead to measurement errors, though
the gas composition itself does not change the density of the liquid being
measured.

| Conclusion

High resolution gas analysis is an indispensable tool for the modern industrial
engineer. By providing a detailed understanding of the chemical environment
within a process, these systems enable tighter control, reduced emissions, and
higher product quality. Furthermore, the data generated by high-resolution
analyzers is vital for maintaining the accuracy of level measurement systems,
particularly in environments where gas properties are dynamic.

When designing a process monitoring system, it is essential to consider how gas
analysis and level measurement interact. Choosing high-quality instrumentation
from a reliable manufacturer ensures that your facility operates with the precision
required by today’s global standards. To explore a comprehensive range of level
measurement technologies designed to perform in complex industrial
environments, Main Page for detailed specifications and engineering support.



