Trace Oxygen Analyzers

A practical guide to trace oxygen analyzers, covering the reader intent, the
relationship to trace oxygen analyzers, key evaluation criteria, common risks, and

the information the intended project audience should confirm before taking the
next step.
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In industrial process control, the measurement of oxygen at extremely low
concentrations—often referred to as trace levels—is a critical requirement for
ensuring product quality, equipment longevity, and safety. While standard oxygen
sensors measure concentrations in the percentage range (0-21% or higher), trace
oxygen analyzers are designed to detect oxygen in the parts-per-million (ppm) or
even parts-per-billion (ppb) range. This level of precision is essential in
environments where even a minute ingress of oxygen can lead to catalyst
poisoning, oxidation of high-purity materials, or explosive conditions in volatile gas
streams.

Understanding the technical nuances of these instruments is vital for process
engineers. Much like selecting the correct industrial level measurement
instruments from a Main Page to ensure tank integrity, choosing the right gas
analysis technology requires a deep dive into measurement principles, application
constraints, and installation requirements.

| Measurement Principles of Trace Oxygen Analyzers

Before selecting a trace oxygen analyzer, it is necessary to understand the
underlying physics and chemistry that allow these devices to detect such small
guantities of gas. Several technologies dominate the market, each with distinct
advantages and limitations.

1. Electrochemical (Galvanic and Polarographic)
Sensors

Electrochemical sensors are perhaps the most common technology used for trace
oxygen detection. These sensors operate as a micro-fuel cell. They consist of a
sensing electrode (cathode), a counter electrode (anode), and an electrolyte.

Principle: Oxygen from the sample gas diffuses through a thin membrane into the
sensor, where it is chemically reduced at the cathode. This reaction creates a
current flow between the anode and cathode that is directly proportional to the
partial pressure of oxygen in the gas sample.
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Trace Capability: These sensors are highly sensitive and can be calibrated for
ranges as low as 0-10 ppm.

Consumables: Because the anode (often made of lead) is oxidized during the
process, these sensors have a finite lifespan and must be replaced periodically.

|2. Zirconia (Zirconium Oxide) Sensors

Zirconia sensors are solid-state devices known for their durability and rapid
response times, particularly in high-temperature applications.

Principle: A zirconia ceramic tube is coated with thin layers of platinum which act
as electrodes. At high temperatures (typically above 600°C), the zirconia becomes
a conductor of oxygen ions. When there is a difference in oxygen concentration
between the reference side (usually ambient air) and the process side, oxygen ions
move through the ceramic, generating a voltage (EMF) according to the Nernst
Equation.

Trace Capability: They are excellent for trace measurements because the
logarithmic nature of the Nernst output provides high resolution at very low
oxygen concentrations.

Limitations: They cannot be used in the presence of combustible gases (like
hydrogen or hydrocarbons) because the high-temperature sensor will cause the
oxygen to react with the fuel, resulting in an erroneously low oxygen reading.

|3. Tunable Laser Diode Spectroscopy (TDLS)

TDLS is a non-contact, optical measurement technique that has gained significant
traction in aggressive industrial environments.

Principle: A laser is tuned to a specific absorption line of the oxygen molecule. As
the laser light passes through the gas sample, the oxygen molecules absorb a
portion of the light energy. The analyzer measures the reduction in light intensity
to calculate the concentration.

Trace Capability: Modern TDLS systems can achieve low ppm detection limits with
extremely high specificity.
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Advantages: Since the sensor does not come into physical contact with the process
gas, it is immune to poisoning and has very low maintenance requirements.

| Technical Comparison and Selection Criteria

Choosing between these technologies depends on the background gas
composition, the required response time, and the environmental conditions. The
following table provides a comparative overview of common trace oxygen

analyzers.

Technology

Typical Range

Response
Time (T90)

Sensitivity to
Background
Gas

Maintenance
Level

Electrochemical

Zirconia

TDLS

Paramagnetic

0-10 ppm to
0-1%

0.1 ppm to 25%

1 ppm to 100%

0-1000 ppm to
100%

10-30 seconds

< 2 seconds

< 5 seconds

10-20 seconds

| Application Suitability

Affected by acid
gases (CO2,
H2S)

Affected by
combustibles
(H2, CH4)

Minimal
(Species
specific)

Affected by
background gas
density

Moderate
(Sensor
replacement)

Low (Periodic
calibration)

Very Low
(Optical
cleaning)

Moderate
(Mechanical
alignment)

Trace oxygen analyzers are deployed across a variety of sectors where oxygen
exclusion is paramount:

Semiconductor Manufacturing: In the production of silicon wafers, oxygen must be
kept at ppb levels to prevent the formation of unwanted oxide layers. TDLS and
high-purity electrochemical sensors are preferred here.
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Industrial Gas Production: Companies producing high-purity nitrogen, argon, or
helium use trace analyzers to certify that their product meets the required purity
standards (often >99,999%).

Petrochemical and Refineries: Oxygen is a contaminant in many hydrocarbon
streams. In polymer production, trace oxygen can deactivate catalysts. Zirconia
analyzers are often used here, provided the stream is free of combustibles.

Glove Box Monitoring: In pharmaceutical or laboratory settings where anaerobic
conditions are required, small electrochemical analyzers provide a cost-effective
monitoring solution.

| Installation Considerations and Best Practices

In trace oxygen measurement, the sample handling system is often more critical
than the analyzer itself. Because the target concentration is so low, the risk of
ambient oxygen leaking into the system is a constant threat.

| Material Selection

For measurements in the ppm and ppb range, standard plastic or rubber tubing is
unacceptable. Oxygen can permeate through these materials, leading to artificially
high readings. High-quality, electro-polished stainless steel (316L) tubing should be
used exclusively. All fittings should be compression-type (e.g., Swagelok) to ensure
gas-tight seals.

| Pressure and Flow Control

Most trace oxygen analyzers require a stable flow rate, typically between 0.1 and
0.5 liters per minute (L/min). Fluctuations in pressure can affect the partial
pressure of oxygen at the sensor, leading to measurement errors. Using a
high-quality pressure regulator and a rotameter is standard practice.
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| Preventing Diffusion

Oxygen molecules are small and can diffuse against the flow of gas through even
the smallest leaks. This is known as "back-diffusion." To prevent this, the analyzer
exhaust should never be vented directly to the atmosphere if the measurement is
in the low ppm range. Instead, use a long vent line (at least 2 meters) or a check
valve to prevent ambient air from reaching the sensor.

| Limitations and Operational Risks

While trace oxygen analyzers are highly sophisticated, they are subject to several
operational risks that can compromise accuracy:

1. Sensor Poisoning: Electrochemical sensors can be "poisoned" by acid gases like
CO2 or H2S, which react with the electrolyte and reduce the sensor's sensitivity. If
these gases are present, a scrubbing system must be installed upstream.

2. Temperature Sensitivity: Electrochemical and paramagnetic sensors are
sensitive to ambient temperature changes. While most modern units include
internal temperature compensation, installing the analyzer in a
temperature-controlled environment or a heated enclosure is recommended for
maximum stability.

3. Calibration Drift: All trace analyzers require periodic calibration. For trace levels,
using a certified span gas is essential. The span gas concentration should ideally
be 80% of the intended operating range. It is also vital to ensure the zero-gas
(usually high-purity nitrogen) is truly oxygen-free.

|Frequent|y Asked Questions (FAQs)

Q: How often should | calibrate my trace oxygen analyzer?

A: This depends on the technology. Electrochemical sensors may require monthly
calibration due to electrolyte depletion, while TDLS systems might only need a
check every 6 to 12 months. Always refer to the manufacturer’s specific
guidelines.
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Q: Can | use a trace oxygen analyzer to measure oxygen in a vacuum?

A: Most sensors require a specific absolute pressure to function correctly.
Measuring in a vacuum usually requires a specialized sampling pump to bring the
gas to the sensor at atmospheric pressure.

Q: What is the difference between a "trace" and a "percent" analyzer?

A: A percent analyzer is designed for safety or combustion applications (0-25% or
0-100% 0O2). A trace analyzer is optimized for high sensitivity at very low
concentrations (0-1000 ppm or lower). Using a percent analyzer for trace
measurements will result in poor resolution and significant error.

Q: Why is my reading stuck at a high level after installation?

A: This is often due to "trapped" oxygen in the sample lines or the sensor housing.
It can take several hours (or even days for ppb measurements) for a system to
fully purge and reach equilibrium. Ensure there are no leaks and continue purging
with a zero-gas.

| Conclusion

Trace oxygen analyzers are indispensable tools for maintaining the purity and
safety of modern industrial processes. Whether utilizing the robust nature of
zirconia, the cost-effectiveness of electrochemical cells, or the precision of TDLS,
selecting the right instrument requires a thorough understanding of the process
environment. By adhering to strict installation standards—particularly regarding
material selection and leak prevention—engineers can ensure reliable, long-term
performance. For those managing broader facility needs, integrating gas analysis
with reliable industrial level measurement instruments, as found on the Welk Main
Page, ensures a comprehensive approach to process monitoring and control.



