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Process Oxygen Analyzer

A practical guide to process oxygen analyzer, covering the reader intent, the
relationship to process oxygen 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 the landscape of industrial process control, the measurement of gas composition
is as vital as the measurement of physical parameters like level, pressure, and
temperature. A process oxygen analyzer is a specialized instrument designed to
measure the concentration of oxygen (O2) within a gas stream or a closed
atmosphere. These devices are indispensable in industries ranging from
petrochemicals and power generation to pharmaceutical manufacturing and water
treatment, where oxygen levels must be strictly controlled to ensure safety,
optimize combustion, or maintain product purity.

While level measurement instruments—such as those found on the Welk Main
Page—provide critical data regarding the volume and status of liquids and solids,
the process oxygen analyzer provides the chemical context of the headspace or
the process flow. Together, these instruments form a comprehensive monitoring
strategy for industrial safety and efficiency.

| Measurement Principles of Oxygen Analyzers

Before selecting a process oxygen analyzer, it is essential to understand the
underlying physical and chemical principles that govern their operation. Different
technologies are suited for different concentration ranges (trace vs. percent) and
environmental conditions.

|Zirconia Oxide (Zirconium Dioxide)

Zirconia sensors are widely used for high-temperature applications, particularly in
combustion control. The sensor consists of a ceramic tube made of zirconium
dioxide stabilized with yttrium. At temperatures above 600°C (1112°F), the zirconia
becomes a solid-state electrolyte that conducts oxygen ions.

When there is a difference in oxygen partial pressure between the reference side

(usually ambient air) and the process side, oxygen ions move through the ceramic
lattice, creating a voltage. This voltage is measured and converted into an oxygen
concentration reading using the Nernst equation. This method is highly robust but
requires the process gas to be hot or the sensor to be heated internally.
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| Paramagnetic Technology

Oxygen is unique among common gases because it is paramagnetic, meaning it is
attracted into a magnetic field. Most other gases are diamagnetic (weakly
repelled). Paramagnetic analyzers typically use a "dumb-bell" sensor. A small,
glass-walled dumb-bell filled with nitrogen is suspended in a non-uniform magnetic
field. When oxygen enters the chamber, it is drawn into the strongest part of the
magnetic field, displacing the dumb-bell. The degree of displacement or the force
required to keep the dumb-bell stationary is proportional to the oxygen
concentration.

|EIectrochemicaI (Galvanic) Sensors

Often referred to as fuel cell sensors, these operate similarly to a battery. The
sensor contains a sensing electrode (cathode), a counter electrode (anode), and an
electrolyte. Oxygen diffuses through a membrane and is reduced at the cathode,
creating a current flow between the electrodes that is directly proportional to the
partial pressure of oxygen. These are excellent for portable units and trace oxygen
detection in inert gas streams, though the sensors are consumable and have a
finite lifespan.

Tunable Laser Diode Absorption Spectroscopy
(TDLAS)

TDLAS is a modern, non-contact optical technology. A laser is tuned to a specific
absorption line of the oxygen molecule. As the laser beam passes through the
process gas, the oxygen molecules absorb a portion of the light. The analyzer
measures the intensity of the light reaching the detector, and the amount of
absorption determines the oxygen concentration. TDLAS is extremely fast, highly
accurate, and resistant to corrosive gases because the sensor components do not
physically touch the process medium.
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| The Role of Oxygen Analysis in Level Management

In many industrial applications, level measurement and oxygen analysis are
complementary. For instance, in chemical storage tanks containing flammable
liquids, a "blanketing" or "inerting" process is used. An inert gas, typically nitrogen,
is pumped into the headspace to displace oxygen and prevent combustion.

While a radar level meter or a magnetic level gauge monitors the liquid volume, a
process oxygen analyzer monitors the effectiveness of the nitrogen blanket. If the
oxygen level rises above a safety threshold (often 2% to 5%), it indicates a leak or
a failure in the inerting system. Integrating data from the Main Page level solutions
with gas analysis ensures that both the physical and chemical risks of the storage
vessel are managed simultaneously.

| Technical Selection Table

Choosing the right technology depends on the specific requirements of the
process. The following table provides a comparison of the most common types of
process oxygen analyzers.

Technology Measurement Typical

Applications

Advantages

Range

Zirconia

Paramagnetic

Electrochemical

TDLAS
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0.1 ppm to
100%

0% to 100%

0.1 ppm to 25%

100 ppm to
100%

Boiler flue gas,
furnaces

Medical gases,
high purity 02

Glove boxes,
inerting

Flare gas,
corrosive
streams

Fast response,
high temp

High accuracy,
non-consumable

Low cost,
portable

No contact, very
low
maintenance

Sensitive to
reducing gases
(H2, CO)

Sensitive to
vibration and
tilt

Limited sensor
life (1-2 years)

Higher initial
capital cost
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| Installation and Engineering Considerations

Proper installation is critical to the accuracy and longevity of a process oxygen
analyzer. Engineers must decide between two primary installation styles: In-Situ
and Extractive.

| In-Situ Installation

In-situ analyzers are installed directly into the process pipe or stack. This is
common for Zirconia and TDLAS systems.

Pros: Real-time measurement without time delays caused by sampling lines.

Cons: The sensor is exposed to the full heat, pressure, and particulate load of the
process, which can lead to fouling.

| Extractive Sampling Systems

Extractive systems pull a sample of the gas through a probe and transport it via a
sample line to a remote analyzer.

Pros: The gas can be cooled, filtered, and dried before it reaches the sensor,
protecting sensitive components like paramagnetic cells.

Cons: Sample transport time introduces a lag in the reading. Maintenance is
required for filters, pumps, and water traps.

| Pressure and Temperature Compensation

Oxygen sensors generally measure the partial pressure of oxygen. However,
industrial processes fluctuate in total pressure and temperature. A high-quality
process oxygen analyzer must include integrated sensors for temperature and
pressure compensation to ensure the output (usually in % volume or ppm) remains
accurate regardless of process variations.
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| Limitations and Common Risks

While highly reliable, oxygen analyzers are subject to certain operational risks that
can lead to false readings or premature failure:

1. Sensor Poisoning: In electrochemical and zirconia sensors, certain chemicals
(like sulfur compounds or lead) can "poison" the electrodes or the ceramic
electrolyte, leading to a loss of sensitivity.

2. Moisture and Condensation: In extractive systems, if the sample line is not
heated, water vapor can condense. This can trap oxygen or damage the sensor. In
TDLAS systems, heavy mist can scatter the laser beam.

3. Cross-Sensitivity: Some technologies react to gases other than oxygen. For
example, in a paramagnetic analyzer, if the background gas has a high magnetic
susceptibility (like NO or NO2), it can create a positive bias in the oxygen reading.

4. Calibration Drift: All oxygen analyzers require periodic calibration. Using a
certified span gas is necessary to ensure the "zero" and "span" points remain
accurate over time.

| Frequently Asked Questions (FAQ)

Q: How often should an electrochemical oxygen sensor be replaced?

A: Most electrochemical sensors have a lifespan of 12 to 24 months in air. If
exposed to high concentrations of oxygen or corrosive gases constantly, this
lifespan may be shorter.

Q: Can a zirconia analyzer be used in a vacuum?

A: Zirconia analyzers require a pressure differential and a reference gas (usually
air at atmospheric pressure). Using them in high-vacuum applications is difficult
and usually requires specialized extractive setups.

Q: What is the difference between "trace" and "percent" oxygen analyzers?
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A: Percent analyzers measure oxygen in the range of 0-25% or 0-100% (e.g., for
combustion or medical air). Trace analyzers are designed for high-purity
environments and measure in parts per million (ppm) or even parts per billion
(ppb).

Q: Does the flow rate of the gas affect the reading?

A: For most extractive analyzers, a steady flow rate (typically 0.5 to 1.5 liters per
minute) is required. If the flow is too low, the response time lags; if it is too high, it
may create backpressure that skews the reading.

| Conclusion

A process oxygen analyzer is a fundamental tool for modern industrial automation,
providing the necessary data to maintain safety and process integrity. Whether it
is a Zirconia probe in a high-temperature stack or a TDLAS system in a corrosive
chemical line, selecting the right technology requires a deep understanding of the
process environment.

For engineers managing complex tank farms or processing plants, combining gas
analysis with reliable level measurement solutions—such as those detailed on the
Welk Main Page—is the most effective way to ensure comprehensive vessel
monitoring. By considering factors like cross-sensitivity, installation environment,
and maintenance requirements, facilities can achieve high levels of operational
uptime and safety compliance.
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