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Continuous Gas Analyzer

A practical guide to continuous gas analyzer, covering the reader intent, the
relationship to continuous gas analyzer, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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In modern industrial processing, the ability to monitor gas concentrations in
real-time is as critical as measuring liquid levels or pressure. A continuous gas
analyzer (CGA) serves as a foundational instrument for process control,
environmental compliance, and safety monitoring. By providing a constant stream
of data regarding the chemical composition of a gas stream, these instruments
allow engineers to optimize combustion, manage emissions, and ensure the
integrity of inert gas blanketing systems.

While level measurement technologies, such as those found on the Main Page,
focus on the physical volume of substances within a vessel, the continuous gas
analyzer focuses on the chemical state of the atmosphere above or within that
process. This article provides a comprehensive technical overview of gas analysis
technologies, their selection criteria, and their integration into broader industrial
automation frameworks.

| Measurement Principles of Continuous Gas Analyzers

Before selecting an instrument, it is essential to understand the physical and
chemical principles that govern gas detection. Different gases exhibit unique
properties that dictate which sensing technology is most effective.

|Non-Dispersive Infrared (NDIR)

NDIR is one of the most common technologies used in a continuous gas analyzer,
particularly for measuring carbon monoxide (CO), carbon dioxide (CO2), and
hydrocarbons like methane (CH4). It operates on the principle that many gases
absorb infrared light at specific, characteristic wavelengths.

An NDIR sensor consists of an infrared source, a sample chamber, a wavelength
filter, and an infrared detector. As the gas flows through the chamber, it absorbs a
portion of the IR light. The detector measures the intensity of the remaining light,
and the concentration is calculated based on the Beer-Lambert Law, which relates
light absorption to the properties of the material through which the light is
traveling.
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| Paramagnetic Oxygen Analysis

Oxygen is unique among common gases because it is paramagnetic, meaning it is
attracted to a magnetic field. Most other gases are diamagnetic (weakly repelled).
A paramagnetic continuous gas analyzer utilizes this property by placing a
glass-coated dumbbell filled with nitrogen in a non-uniform magnetic field. When
oxygen enters the cell, it is drawn into the strongest part of the field, displacing the
dumbbell. The torque required to return the dumbbell to its original position is
directly proportional to the partial pressure of oxygen in the sample.

| Thermal Conductivity (TCD)

TCD sensors measure the ability of a gas to conduct heat. Every gas has a specific
thermal conductivity coefficient. By comparing the rate of heat loss from a heated
filament in the sample gas to a reference gas, the concentration of the target gas
can be determined. This method is particularly effective for binary gas mixtures
where the components have significantly different thermal conductivities, such as
Hydrogen (H2) in Nitrogen (N2) or Carbon Dioxide (CO2) in Air.

Tunable Laser Diode Absorption Spectroscopy
(TDLAS)

TDLAS is an advanced optical technology used for high-precision continuous gas
analysis. It uses a laser that is tuned to a very specific absorption line of the target
gas. Because the laser line is extremely narrow, TDLAS is highly resistant to
interference from other gases (cross-sensitivity). This technology is often used
in-situ (directly in the process pipe) for measuring moisture (H20), Ammonia
(NH3), or Hydrogen Chloride (HCI) in harsh environments.
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| Electrochemical Sensors

Electrochemical sensors operate by reacting with the gas of interest and producing
an electrical signal proportional to the gas concentration. The gas diffuses through
a membrane into a cell containing an electrolyte and electrodes. A chemical
reaction (oxidation or reduction) occurs at the sensing electrode, creating a
current. These are commonly used for toxic gases like Carbon Monoxide (CO),
Hydrogen Sulfide (H2S), and Oxygen (02) in portable or low-cost fixed applications.

The Role of Gas Analysis in Integrated Process
Monitoring

In industrial environments, gas analysis and level measurement are often two
sides of the same coin. For instance, in a chemical storage tank monitored by a
radar level meter, the "headspace" (the area above the liquid) must often be
monitored for safety. If a tank contains volatile organic compounds (VOCs), a
continuous gas analyzer can detect if the nitrogen blanketing system has failed,
preventing the formation of an explosive atmosphere.

In wastewater treatment, specifically in anaerobic digesters, level sensors track
the volume of sludge while a continuous gas analyzer monitors the
methane-to-CO2 ratio. This dual monitoring ensures that the biological process is
healthy and that the produced biogas is of sufficient quality for energy recovery.
Integrating these data streams into a centralized control system allows for a
holistic view of the facility’s health.

| Selection Criteria for a Continuous Gas Analyzer

Choosing the right analyzer requires a detailed analysis of the process conditions
and the specific goals of the measurement. The following table summarizes key
considerations for different technologies:
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Technology Primary Target Limitations
Gases
NDIR CO, CO2, CH4, s02 Reliable, long Sensitive to
lifespan, multi-gas moisture/dust;
capability requires sample

conditioning

Paramagnetic 02 Highly accurate, Sensitive to vibration
specific to Oxygen and flow changes
TCD H2, He, Ar, CO2 Simple, robust, low Not selective; best
maintenance for binary mixtures
TDLAS NH3, HCI, H20, 02 Fast response, no Higher initial cost;
contact with gas, requires optical path
high selectivity alignment
Electrochemical H2S, CI2, NO2, 02 Compact, lower cost Sensor cells have a
finite lifespan (1-3
years)

| Key Evaluation Factors:

1. Gas Matrix: What other gases are present? Cross-sensitivity occurs when an
interfering gas absorbs light at the same wavelength or reacts similarly to the
target gas.

2. Measurement Range: Is the requirement for parts-per-million (ppm) detection or
percentage-level (%) monitoring?

3. Process Conditions: High temperatures (above 150°C) or high pressures (above
2 bar) may require specialized sampling probes or in-situ TDLAS systems.

4. Response Time (T90): How quickly does the system need to report a change?
Extractive systems with long sample lines will have a slower response than in-situ
analyzers.

Welk Reference Guide 5



WELK REFERENCE GUIDE Continuous Gas Analyzer

| Installation and Engineering Considerations

A continuous gas analyzer is only as good as the sample it receives. In extractive
systems, the Sample Conditioning System (SCS) is often more complex than the
analyzer itself.

| Extractive vs. In-Situ

Extractive Sampling: The gas is pulled from the process via a pump, filtered,
cooled to remove moisture, and then delivered to the analyzer. This allows the
analyzer to be located in a controlled environment (like an instrument shed) but
introduces lag time.

In-Situ (Cross-Stack): The sensor is mounted directly on the stack or pipe. This
provides a near-instantaneous response and eliminates the need for sample lines,
but the electronics must be able to withstand the process temperature and
vibration.

| Moisture Management

Moisture is the enemy of most gas analyzers. Water vapor can interfere with IR
readings and can condense in sample lines, leading to corrosion or clogging.
Sample chillers or permeation dryers are used to reduce the dew point of the gas
to a constant level (typically 4°C) before it enters the sensor.

| Filtration and Pressure Control

Particulates can scratch optical lenses or clog electrochemical membranes.
Multi-stage filtration (coarse at the probe, fine at the analyzer) is mandatory.
Additionally, because many sensors are pressure-sensitive, a back-pressure
regulator is often used to ensure the sample cell remains at a constant
atmospheric pressure regardless of process fluctuations.
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| Common Risks and Limitations

While highly effective, continuous gas analyzers face several operational risks that
must be managed through proactive engineering:

Sensor Drift: All sensors experience some degree of drift over time. Regular zero
and span calibrations using certified reference gases are necessary to maintain
accuracy.

Sample Line Leaks: In extractive systems, a leak in the sample line can pull in
ambient air, diluting the sample and providing false-low readings for process gases
or false-high readings for oxygen.

Corrosion: Gases like SO2 or HCI become highly acidic when combined with
moisture. If the sample temperature drops below the acid dew point, the resulting
liquid can destroy the analyzer’s internal components.

Interfering Species: For example, in NDIR analysis, water vapor has a broad
absorption spectrum that can overlap with CO or CO2. Modern analyzers use
optical filters or mathematical compensation to mitigate this, but it remains a
factor in system design.

| Practical Checklist Before Procurement

Before moving forward with a continuous gas analyzer project, technical teams
should confirm the following data points:

1. Full Gas Composition: Provide the manufacturer with a list of all gases in the
stream, including trace contaminants.

2. Ambient Temperature Range: Will the analyzer be located outdoors or in an
air-conditioned rack?

3. Hazardous Area Classification: Does the installation site require ATEX, IECEX, or
Class/Division explosion-proof certifications?

4. Maintenance Access: Is there sufficient space to change filters and perform
calibrations with bulky gas cylinders?
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5. Integration Requirements: Does the facility use 4-20mA analog signals, or is a
digital protocol like Modbus TCP or PROFIBUS required?

| Conclusion

The implementation of a continuous gas analyzer is a significant step toward
achieving precise process control and environmental responsibility. By
understanding the underlying measurement principles—whether it be the IR
absorption of NDIR or the magnetic properties of Oxygen—engineers can select
the most robust solution for their specific application.

When combined with reliable level measurement solutions, such as those detailed
on the Main Page, gas analysis completes the picture of industrial process
monitoring. Whether the goal is to monitor a wastewater digester, ensure the
safety of a chemical storage farm, or optimize a combustion process, the right
continuous gas analyzer provides the data-driven insights necessary for modern
industrial excellence.

| Frequently Asked Questions (FAQ)

Q: How often does a continuous gas analyzer need calibration?

A: This depends on the technology and the application. Most NDIR and
Paramagnetic systems require a zero-point check weekly and a full span
calibration monthly. TDLAS systems are much more stable and may only require
annual verification.

Q: Can one analyzer measure multiple gases?

A: Yes. Multi-component NDIR analyzers can often measure up to five or six
different gases (e.g., CO, CO2, NO, SO2, and CH4) within a single enclosure,
provided the absorption wavelengths do not overlap excessively.

Q: What is the typical lifespan of a gas analyzer?

A: High-quality industrial analyzers (NDIR, TCD, TDLAS) typically last 10 to 15 years
if the sample conditioning system is well-maintained. Electrochemical sensors are
consumables and usually need replacement every 12 to 36 months.
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Q: How does moisture affect the reading?

A: Moisture acts as an interferent in infrared analysis and can physically damage
sensors. It is standard practice to either remove moisture using a chiller or keep
the entire sample path heated above the dew point to perform a "hot-wet"
measurement.
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