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Tunable Diode Laser Spectroscopy (TDLS) has emerged as a cornerstone
technology in modern industrial gas analysis. As process industries strive for
higher efficiency, enhanced safety, and stricter environmental compliance, the
limitations of traditional gas sensing technologies—such as electrochemical cells or
paramagnetic sensors—have become more apparent. TDLS offers a non-contact,
high-speed, and highly selective method for measuring gas concentrations in
complex process streams.

While industrial facilities rely on instruments like those found on the Main Page of
specialized manufacturers for liquid and solid level monitoring, TDLS addresses the
gas phase above those materials. Understanding the principles, selection criteria,
and installation nuances of TDLS is essential for engineers managing chemical
reactors, combustion processes, and storage facilities.

| Measurement Principles of TDLS

At its core, TDLS is an optical measurement technique based on the absorption of
light. It relies on the principle that every gas molecule absorbs light at specific,
unique wavelengths (spectral lines) in the near-infrared or mid-infrared spectrum.

| The Beer-Lambert Law

The fundamental physics governing TDLS is the Beer-Lambert Law, which relates
the attenuation of light to the properties of the material through which the light is
traveling. The relationship is expressed as:

$$A =\In(I0 / I) = \sigma \times N \times L$$

Where:

A is the absorbance.

lo is the initial intensity of the laser light.

| is the intensity of the light after passing through the gas.

o is the absorption cross-section (the "strength" of the gas's absorption at a
specific wavelength).
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N is the number density of the gas molecules (concentration).

L is the optical path length (the distance the light travels through the gas).

| Scanning and Selectivity

What makes TDLS "tunable" is the ability to rapidly change the wavelength of the
diode laser by modulating its operating temperature and injection current. The
laser is tuned to scan across a single, isolated absorption line of the target gas
(e.g., 02, NH3, CO, or H20).

Because the laser's linewidth is extremely narrow—often much narrower than the
absorption line itself—the system can distinguish the target gas from other
background gases. This high selectivity eliminates cross-interference, a common
problem in non-dispersive infrared (NDIR) sensors where broad absorption bands
often overlap.

| TDLS System Configurations

TDLS analyzers are generally deployed in two primary configurations: In-situ
(cross-stack) and Extractive (sampling). The choice between these depends on the
process conditions and the physical layout of the plant.

|In-situ (Cross-Stack) Measurement

In this configuration, the transmitter and receiver are mounted directly on opposite
sides of a process pipe, stack, or vessel. The laser beam travels through the actual
process medium.

Advantages: Real-time response (typically <2 seconds), no sampling system
required, represents the average concentration across the entire diameter.

Challenges: Requires precise physical alignment across the vessel and may be
affected by high particulate (dust) loads that block the laser beam.
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| Extractive TDLS

Here, a gas sample is extracted from the process and delivered to a measurement
cell where the TDLS analysis occurs. This is often used when the process path
length is too short for a reliable signal or when the process environment is too
harsh for the optical components.

Advantages: Controlled environment (temperature/pressure), easier calibration,
and the ability to use long path-length cells (multipass cells) to detect trace
concentrations (ppb levels).

Challenges: Slower response time due to sample transport and potential for
sample degradation or loss in the lines.

| Practical Selection Table

When evaluating TDLS for a specific application, engineers should compare the
technology against traditional methods based on the following criteria:

TDLS (In-situ) Paramagnetic NDIR Electrochemical
(02) (Standard)
Response Time < 2 seconds 10-30 seconds 10-20 seconds > 30 seconds
Selectivity Excellent (No Good Moderate Poor
interference) (Interference (Cross-sensitivity)
common)
Maintenance Low (No moving Medium Medium High (Sensor
parts) depletion)
Calibration Annual/Semi-annualWeekly/Monthly Monthly Frequent
Installation Flange mount Extractive Extractive Point
(Direct) sampling sampling sensor/Extractive
Typical Gases 02, CO, NH3, 02 only CO, CO2, CH4 H2S, CI2, 02,
H20, CH4 co
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| Key Evaluation Criteria for TDLS Projects

Implementing TDLS requires more than just purchasing a sensor; it requires an
assessment of the process environment to ensure the optical path remains viable.

1. Path Length (L): The sensitivity of the measurement is directly proportional to
the path length. For very small pipes (e.g., <100 mm), an extractive cell or a
probe-style TDLS might be necessary to achieve a sufficient signal-to-noise ratio.

2. Particulate Loading: TDLS can operate in environments with some dust, but if
the transmission of light (transmittance) drops below a certain threshold (often 1%
to 10% depending on the model), the signhal becomes unreliable.

3. Pressure and Temperature: High pressures cause "pressure broadening” of the
absorption lines, which can complicate the spectral analysis. Similarly, high
temperatures change the population of the energy states of the molecules.
Advanced TDLS analyzers include integrated pressure and temperature
compensation to maintain accuracy.

4. Gas Matrix: While TDLS is highly selective, the presence of other gases at very
high concentrations can slightly shift the absorption profile. Providing the
manufacturer with a full gas composition list is vital for factory calibration.

| Installation Considerations and Best Practices

Successful TDLS performance is heavily dependent on the quality of the
installation. Unlike hydrostatic level transmitters or magnetic level gauges, which
are relatively robust to slight misalignments, TDLS is an optical system.

| Mechanical Alignment

For cross-stack installations, the flanges on both sides must be perfectly aligned.
Even a few degrees of tilt can cause the laser beam to miss the receiver on the
opposite side. Many engineers use adjustable alignment flanges to fine-tune the
beam path during commissioning.
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| Purging Systems

To prevent the process gas from fouling the optical windows, a continuous purge of
clean, dry air or nitrogen is required. The purge gas creates a protective curtain in
front of the lens. If the purge fails, the windows can become coated with soot,
moisture, or chemicals, leading to a "low light" alarm.

| Thermal Insulation

In high-temperature applications, the electronics of the TDLS unit must be
protected. While the laser can measure gases at temperatures exceeding 1000°C,
the transmitter housing typically needs to be kept below 50°C or 60°C. Thermal
spacers or vortex cooling may be necessary.

| Common Risks and Limitations

Despite its advantages, TDLS is not a universal solution. Engineers must be aware
of the following risks:

Beam Blockage: In processes with heavy soot or liquid droplets (mist), the laser
light may be completely obscured. If the transmission is lost, the analyzer cannot
provide a reading.

Line Broadening: At very high pressures (e.g., >10 bar), the absorption lines
broaden and overlap, which can reduce the accuracy and selectivity of the
measurement.

Cost: The initial capital expenditure for TDLS is generally higher than for
electrochemical or NDIR sensors. However, the total cost of ownership (TCO) is
often lower due to reduced maintenance and calibration requirements.
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| Synergy with Level Measurement

In the context of industrial automation, gas analysis and level measurement often
go hand-in-hand. For example, in a chemical storage tank, a radar level meter
provides precise volume data, while a TDLS analyzer monitors the headspace for
oxygen ingress to prevent explosions (blanketing control).

Reliable instrumentation for these tasks is critical. While TDLS handles the gas
phase, high-quality level sensors—such as those detailed on the Main
Page—ensure the liquid or solid phase is managed safely. Integrating these data
streams into a single PLC or DCS allows for comprehensive process control.

| Frequently Asked Questions (FAQ)

Q: Can TDLS measure multiple gases at once?

A: Standard TDLS units are usually designed for one or two gases (e.g., 02 and
H20). Measuring more gases typically requires multiple lasers or a more complex
frequency-comb approach, which increases the cost.

Q: How often does a TDLS analyzer need calibration?

A: Many TDLS systems are "calibration-free" for 6 to 12 months because they use
an internal reference cell to lock the laser wavelength. However, a validation
check with a known gas concentration is recommended annually.

Q: Is TDLS suitable for SIL-rated safety loops?

A: Yes, many TDLS analyzers are certified for SIL 2 or SIL 3 applications,
particularly for 02 monitoring in flare headers or combustion safety systems.

Q: What is the maximum temperature for TDLS?

A: In-situ TDLS can measure gases in combustion zones up to 1500°C, provided the
mounting hardware is properly cooled and the windows are purged.
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| Conclusion

Tunable Diode Laser Spectroscopy represents a significant leap forward in process
gas analysis. By providing fast, accurate, and interference-free measurements, it
enables industries to optimize their processes while maintaining high safety
standards. When combined with reliable level measurement technologies, TDLS
forms part of a robust instrumentation strategy that minimizes downtime and
maximizes yield. Before proceeding with a TDLS installation, engineers should
confirm the optical path length, the expected particulate load, and the availability
of a reliable purge gas to ensure long-term operational success.

Welk Reference Guide 8



