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In the landscape of modern industrial process control, the demand for high-speed,
high-accuracy, and non-contact sensing has led to the widespread adoption of
Tunable Diode Laser Absorption Spectroscopy, commonly known as tdlas. While
traditional gas sensing methods often struggle with cross-interference or slow
response times in harsh environments, TDLAS provides a robust solution for
detecting trace gas concentrations and monitoring process conditions in real-time.
For industries ranging from petrochemicals to power generation, understanding
how TDLAS integrates with existing instrumentation—such as the level
measurement systems found on our Main Page—is essential for optimizing safety
and efficiency.

| Understanding the Principles of TDLAS

At its core, TDLAS is an optical measurement technique that relies on the
absorption of light by gas molecules. Every gas species possesses a unique
"spectral fingerprint," consisting of specific wavelengths of light that the molecules
absorb. By utilizing a tunable diode laser, the instrument can scan across these
specific absorption lines with extreme precision.

#### The Beer-Lambert Law

The fundamental principle governing TDLAS is the Beer-Lambert Law. This law
describes the relationship between the intensity of light entering a gas sample and
the intensity of light exiting it. The relationship is expressed as:

$%l = 10 \cdot e™~{-\alpha L c}$$

Where:

| is the transmitted intensity (the light that reaches the detector).
lo is the initial laser intensity.

a is the absorption coefficient (specific to the gas and wavelength).

L is the optical path length (the distance the light travels through the gas, typically
measured in meters).

c is the concentration of the target gas.
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By measuring the ratio of the transmitted light to the initial light, and knowing the
path length and absorption coefficient, the system can calculate the gas
concentration with high accuracy.

#### The "Tunable" Advantage

Unlike traditional non-dispersive infrared (NDIR) sensors that use a broad spectrum
of light and filters, TDLAS uses a laser with a very narrow linewidth—often
narrower than the absorption line of the gas itself. The "tunable" aspect refers to
the ability to vary the laser's wavelength by adjusting the injection current or the
operating temperature of the diode. This allows the system to scan across a single,
isolated absorption line, effectively eliminating interference from other gases
present in the process stream.

| TDLAS in Industrial Gas Analysis and Process Control

TDLAS is primarily utilized for the detection of small molecules such as water vapor
(H20), ammonia (NHz), carbon monoxide (CO), carbon dioxide (C0O2z), and methane
(CHa). Its ability to operate in-situ—directly in the process pipe or stack—makes it a
preferred choice for high-temperature and high-pressure applications.

1. Safety and Emission Monitoring: In combustion processes, TDLAS is used to
monitor CO and O: levels to ensure complete combustion and prevent explosive
conditions. It is also the gold standard for monitoring ammonia slip in Selective
Catalytic Reduction (SCR) systems.

2. Moisture Analysis: In the natural gas industry, TDLAS is used to detect trace
amounts of moisture (H20) and hydrogen sulfide (Hz2S). Excess moisture can lead to
pipeline corrosion and the formation of hydrates, which can block flow.

3. Process Optimization: In chemical manufacturing, TDLAS provides real-time data
on reactant concentrations, allowing for tighter control over reaction kinetics and
yield.
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| The Intersection of TDLAS and Level Measurement

While TDLAS is a gas-phase analytical tool, its application is frequently
complementary to industrial level measurement. In large storage tanks or
pressurized process vessels, measuring the liquid level is only one part of the
operational requirement. The headspace—the volume of gas above the
liquid—often contains critical information regarding the process state.

For example, in a tank equipped with a radar level meter or ultrasonic sensor, the
accuracy of the level reading can occasionally be influenced by the composition of
the vapor space. While radar is generally immune to gas composition changes,
ultrasonic sensors rely on the speed of sound, which changes based on gas density
and temperature. TDLAS can be used to monitor the concentration of specific
vapors in the headspace, providing data that helps engineers understand the
environmental conditions inside the vessel.

Furthermore, in applications involving volatile organic compounds (VOCs) or
hazardous chemicals, TDLAS acts as a safety layer. While a level switch prevents
overfills, a TDLAS system can detect leaks or abnormal gas build-up in the tank's
vapor space or surrounding secondary containment areas. For a comprehensive
overview of how these technologies work together to protect industrial assets,
users should consult the technical resources available on our Main Page.

| Key Evaluation and Selection Criteria

Selecting the right TDLAS system requires a thorough evaluation of the process
environment and the specific measurement goals. Because TDLAS is a highly
specialized optical technology, a "one size fits all" approach is rarely successful.

#### 1. Target Gas and Spectral Interference

The most critical step is identifying the target gas and ensuring the laser can
target an absorption line that is free from interference by background gases. For
instance, measuring trace moisture in a background of high-concentration CO:z
requires selecting a wavelength where CO:z does not absorb light.

#### 2. Optical Path Length
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The sensitivity of a TDLAS system is directly proportional to the path length (L). For
very low concentrations (ppm or ppb levels), a longer path length is required. This
may involve using a "cross-stack" configuration for large pipes or a "folded-path"
cell for extractive sampling.

#### 3. Process Conditions

TDLAS systems are capable of operating at temperatures exceeding 1,000°C
(1,832°F) and pressures up to 20 MPa (approx. 2,900 psi). However, high
temperatures cause spectral line broadening, which must be compensated for by
the system's software. It is essential to confirm that the instrument's pressure and
temperature compensation algorithms are validated for your specific range.

#### 4. Response Time

One of the primary benefits of TDLAS is its speed. Most systems provide a
response time of less than 2 seconds. This is critical for safety-related applications,
such as detecting a flame-out in a furnace or a sudden spike in toxic gas levels.

| Comparison of Gas Sensing Technologies

To better understand where TDLAS fits into the hierarchy of industrial sensors, the
following table compares it to other common gas detection methods.
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NDIR
(Non-Dispersive

IR)

Electrochemical

Tdlas

Selectivity Excellent (No

cross-interference)

Response Time < 2 seconds

Maintenance Very Low

(Non-contact)

Calibration Highly Stable

Installation In-situ or
Extractive

Cost High Initial /
Low Opex

Good

10-30 seconds

Moderate

Periodic

Mostly
Extractive

Moderate

Moderate

30-60 seconds

High (Sensor
depletion)

Frequent

Point Sensing

Low Initial /
High Opex

Excellent

5-20 minutes

High
(Consumables)

Frequent

Extractive

Very High

| Installation and Maintenance Considerations

Successful TDLAS performance depends heavily on proper installation and ongoing
maintenance of the optical path. Unlike level transmitters that might be mounted
on a single flange, TDLAS systems often require precise alignment between a

transmitter and a receiver.

Alignment: In cross-stack installations, the transmitter and receiver must be
perfectly aligned. Thermal expansion of the stack or pipe can cause misalignment
over time. Modern systems often include auto-alignment features or rugged
mounting hardware to mitigate this.

Window Fouling: Since TDLAS is an optical technique, the windows through which
the laser passes must remain clean. In processes with high dust or particulate
matter, a "purge" system is used. This typically involves a constant flow of clean
instrument air or nitrogen across the window surface to prevent buildup.

Calibration and Validation: While TDLAS is famous for its stability, regulatory
requirements often demand periodic validation. This is usually done using an
internal reference cell or by temporarily inserting a calibration cell with a known
gas concentration into the optical path.
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| Common Risks and Limitations

While TDLAS is a powerful tool, it is not without limitations. Engineers should be
aware of the following risks before implementation:

1. Optical Opacity: If the process medium is too dense with particulates (e.g., very
heavy smoke or thick dust), the laser light may be completely blocked, leading to a
"transmission loss" error. Most TDLAS units can handle up to 90% or 95% light
obscuration, but beyond that, the signal-to-noise ratio becomes too low for
accurate measurement.

2. Gas Phase Only: TDLAS cannot measure substances in the liquid or solid phase.
If a process involves heavy mist or droplets, these may scatter the laser light and
interfere with the gas-phase measurement.

3. Path Length Constraints: In very small pipes (less than 100 mm or 4 inches), the
path length may be too short to achieve the required sensitivity for trace gas
detection. In these cases, an extractive sampling cell with a folded optical path is
usually necessary.

| Information to Confirm Before Implementation

Before proceeding with a TDLAS installation, the project team should confirm the
following data points to ensure the technology is appropriate for the application:

Gas Matrix: Provide a full list of all gases present in the process, including their
minimum, typical, and maximum concentrations.

Process Dynamics: Identify the maximum rate of change for temperature and
pressure, as the system must be able to compensate for these changes in
real-time.

Physical Constraints: Confirm the flange size, pipe diameter, and available space
for the transmitter and receiver units. Ensure there is adequate access for
maintenance and purging air lines.

Welk Reference Guide 7



WELK REFERENCE GUIDE Tdlas

Integration Requirements: Determine how the TDLAS data will be integrated into
the plant's DCS (Distributed Control System). Most units provide 4-20mA HART,
Modbus, or Foundation Fieldbus outputs.

|Frequent|y Asked Questions (FAQs)

Q: How often does a TDLAS system need to be calibrated?

A: TDLAS is inherently stable because it relies on fundamental physical constants
(the absorption lines of molecules). Many industrial users find that they only need
to perform a validation check once every 6 to 12 months, though local
environmental regulations may require more frequent checks.

Q: Can TDLAS measure multiple gases simultaneously?

A: Yes, but with limitations. A single laser can typically only measure one or two
gases if their absorption lines are very close together. For multi-gas analysis (e.g.,
CO, COz, and Hz20), a system with multiple laser diodes integrated into a single
housing is used.

Q: Is TDLAS suitable for hazardous areas?

A: Absolutely. Most industrial TDLAS analyzers are available with ATEX, IECEX, or
Class/Division certifications for use in Zone 1 or Zone 2 hazardous locations. Since
the electronics are housed in rugged enclosures and only light enters the process,
it is a very safe technology.

Q: How does dust affect the measurement?

A: Dust reduces the amount of light reaching the detector. However, because
TDLAS measures the shape of the absorption line rather than just the total
intensity of light, it can maintain accuracy even when a large portion of the laser
light is obscured, provided enough signal remains to distinguish the absorption
peak from the background noise.
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| Conclusion

Tunable Diode Laser Absorption Spectroscopy represents a significant
advancement in industrial analytics, offering a combination of speed, selectivity,
and reliability that traditional sensors cannot match. By understanding the
underlying physics and the practical requirements for installation, engineers can
successfully deploy TDLAS to monitor critical gas concentrations in the most
demanding environments. When combined with reliable level measurement
solutions, such as those detailed on our Main Page, TDLAS provides the
comprehensive data needed for modern, safe, and efficient industrial operations.
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