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In modern industrial processing, hydrogen ($H2$) serves as both a critical
feedstock and a byproduct of various chemical reactions. Because of its high
energy density, volatility, and wide flammability limits, the precise monitoring of
hydrogen concentrations is essential for process efficiency and plant safety.
Industrial hydrogen gas analyzers are specialized instruments designed to quantify
hydrogen levels in complex gas streams, ranging from trace amounts in high-purity
applications to high-percentage concentrations in power plant cooling or refinery
processes.

Selecting the appropriate analyzer requires a deep understanding of the underlying
measurement principles, as different technologies excel in different environments.
This guide examines the primary sensing technologies, application-specific
selection criteria, and the integration of these systems within broader industrial
instrumentation frameworks, including their relationship with liquid and gas
storage monitoring.

| Measurement Principles of Hydrogen Analysis

Hydrogen is a unique gas with physical properties that distinguish it from most
other industrial gases. Its low molecular weight, high thermal conductivity, and
small atomic size dictate the types of sensors used for its detection.

| Thermal Conductivity Detection (TCD)

Thermal conductivity is the most common principle used for industrial hydrogen
gas analyzers, particularly when measuring binary or quasi-binary gas mixtures.
Hydrogen has a thermal conductivity approximately seven times higher than that
of air and most other common gases (with the exception of helium).

In @ TCD sensor, a heated filament or thermistor is placed in a flow cell. As the
sample gas passes over the element, the rate at which heat is dissipated from the
filament depends on the thermal conductivity of the gas. By comparing the heat
loss in the sample cell to a reference cell containing a known gas, the
concentration of hydrogen can be calculated. This is typically achieved using a
Wheatstone bridge circuit. TCD is favored for its robustness and its ability to
measure hydrogen from 0% to 100% volume.
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| Electrochemical Sensing

Electrochemical sensors are primarily used for safety monitoring and trace-level
detection (ppm levels). These sensors work through a chemical reaction between
the hydrogen gas and an electrolyte. When hydrogen diffuses through a
membrane into the sensor, it undergoes oxidation at a sensing electrode, creating
an electrical current proportional to the gas concentration.

While highly sensitive and cost-effective, electrochemical sensors have a finite
lifespan—typically 12 to 24 months—as the electrolyte is gradually consumed or
the electrodes become contaminated. They are also sensitive to pressure
fluctuations and high temperatures.

| Catalytic Combustion (Pellistor)

Commonly used for Lower Explosive Limit (LEL) monitoring, catalytic sensors
consist of two wire coils (pellistors). One coil is coated with a catalyst that
promotes the oxidation of hydrogen, while the other is an inactive reference. When
hydrogen burns on the active bead, the temperature rises, changing the electrical
resistance. This change is measured to determine the hydrogen concentration.
These sensors are specifically designed for safety applications where hydrogen
levels must remain below the 4% flammability limit in air.

| Paramagnetic and MEMS Technologies

Advanced analyzers may utilize Micro-Electro-Mechanical Systems (MEMS) or
specialized mass spectrometry for high-precision laboratory or pilot plant
applications. MEMS sensors often combine thermal conductivity with pressure and
temperature compensation on a single silicon chip, offering faster response times
and smaller footprints than traditional TCD units.

| Industrial Applications and Use Cases

Industrial hydrogen gas analyzers are deployed across various sectors, each with
unique environmental challenges and measurement ranges.
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| Power Generation

Large utility generators often use hydrogen gas as a coolant due to its high heat
capacity and low viscosity, which reduces windage losses. Analyzers are used to
monitor the purity of the hydrogen within the generator casing. If air leaks into the
system, the cooling efficiency drops and the risk of explosion increases. Analyzers
in this sector typically monitor three ranges: 0-100% $H2$ in Air, 0-100% $H2% in
$C02%, and 0-100% Air in $C0O2$ during purging cycles.

| Petrochemical and Refining

In refineries, hydrogen is essential for hydrocracking and hydrotreating processes.
Analyzers monitor the hydrogen-to-hydrocarbon ratio to ensure optimal catalyst
performance and product quality. These environments often involve high pressures
(up to 200 bar) and the presence of corrosive gases like Hydrogen Sulfide ($H2S$),
requiring robust sampling systems and explosion-proof housings.

| Green Hydrogen Production (Electrolysis)

As the industry shifts toward decarbonization, water electrolysis has become a
primary focus. Analyzers are used to monitor the purity of the produced hydrogen
and, more importantly, to detect "oxygen-in-hydrogen" or "hydrogen-in-oxygen"
levels. Ensuring these levels stay well below the explosive limit is critical for the
safety of the electrolyzer stack. For comprehensive facility management, these
systems are often integrated with Main Page solutions to monitor the levels of
deionized water and electrolyte tanks.

| Selection Criteria for Industrial Hydrogen Analyzers

Choosing the right analyzer involves balancing performance requirements with the
realities of the process environment. The following table provides a comparison of
the primary technologies.

Welk Reference Guide 4



WELK REFERENCE GUIDE

Measurement Range

Accuracy

Response Time
($T{90}%)
Target Application

Cross-Sensitivity

Maintenance

Thermal

Conductivity (TCD)

0-100% Vol

High (£1% of span)

10-30 seconds

Process Control /

Purity

High (to He, $CH4s,
$C0O2%)

Low (No
consumables)

Industrial Hydrogen Gas Analyzers

Electrochemical

0-1000 ppm or
0-50% LEL

Moderate

30-60 seconds

Safety / Trace
Detection

Low (to most gases)

High (Sensor
replacement)

Catalytic
Combustion

0-100% LEL

Moderate

<15 seconds

Leak Detection

High (to other
combustibles)

Moderate (Poisoning
risk)

| Key Evaluation Factors

1. Gas Composition: If the background gas varies (e.g., changing ratios of Nitrogen
and Methane), a standard TCD may provide inaccurate readings. In such cases, a
multi-component analyzer or a compensated TCD is required.

2. Hazardous Area Certification: Most hydrogen applications occur in Zone 0, 1, or
2 environments. Analyzers must carry ATEX, IECEX, or UL certifications to ensure
they do not become an ignition source.

3. Sample Conditioning: Hydrogen gas in industrial streams is rarely clean or dry.
The analyzer system must include filters, moisture separators, and pressure
regulators to protect the sensor and ensure a stable reading.

| Installation and Engineering Considerations
Proper installation is as critical as the choice of sensor. Because hydrogen is the

lightest element, it rises rapidly and can collect in the "pockets" of ceilings or
enclosures.
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| Sample Point Placement

For process monitoring, the sample probe should be inserted into the center third
of the process pipe to avoid boundary layer effects and moisture accumulation
along the pipe walls. For safety monitoring, sensors should be placed at the
highest points of a facility or near potential leak sources like valves, flanges, and
compressors.

|Sample Conditioning Systems (SCS)

An Industrial hydrogen gas analyzer is only as reliable as the gas it receives. A
typical SCS includes:

Coalescing Filters: To remove liquid droplets and aerosols.

Pressure Reduction: Most sensors operate near atmospheric pressure (approx.
1.013 bar). High-pressure process gas must be stepped down safely.

Flow Control: A steady flow rate (typically 0.5 to 1.5 L/min) is required to maintain
a consistent response time and prevent sensor cooling errors in TCDs.

| Integration with Level Instrumentation

In facilities where hydrogen is produced or stored, gas analysis is part of a
multi-layered safety and control strategy. For example, in a liquid hydrogen
storage tank, vacuum-jacketed level meters monitor the cryogenic liquid levels,
while hydrogen gas analyzers monitor the surrounding enclosure for vacuum
breaches or leaks. Modern control systems aggregate data from both gas
analyzers and Main Page level transmitters to provide a holistic view of the storage
system's integrity.

| Limitations and Potential Risks

While industrial hydrogen gas analyzers are highly accurate, they are subject to
specific limitations:
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Cross-Sensitivity: TCD analyzers cannot distinguish between hydrogen and helium
without additional separation stages. Similarly, if the background gas changes
from Nitrogen to Carbon Dioxide, the thermal conductivity shift will be interpreted
as a change in hydrogen concentration.

Sensor Poisoning: Catalytic sensors can be "poisoned" by silicones, lead, or sulfur
compounds, which coat the catalyst and render the sensor inactive. Regular bump
testing is required in environments where these contaminants are present.

Environmental Factors: Rapid changes in ambient temperature or humidity can
affect the baseline stability of electrochemical and TCD sensors. High-quality
analyzers utilize internal temperature compensation or heated sensor
compartments to mitigate these effects.

| Maintenance and Calibration Protocols

To ensure long-term accuracy, a structured maintenance schedule is necessary.

1. Calibration: Analyzers should be calibrated using certified span gases. For TCD
units, a zero gas (usually the background gas of the process) and a span gas
(hydrogen in the background gas) are used. Calibration frequency typically ranges
from monthly to quarterly depending on the criticality of the measurement.

2. Filter Replacement: Sample conditioning filters must be inspected and replaced
regularly to prevent flow restrictions.

3. Leak Testing: The sample line integrity must be checked periodically. Since
hydrogen molecules are extremely small, they can leak through seals that are
gas-tight for heavier molecules like Nitrogen.

| Frequently Asked Questions (FAQ)

Q: Can a single analyzer measure hydrogen in both Nitrogen and Carbon Dioxide?

A: Standard TCD analyzers are calibrated for a specific background gas. If the
background gas switches between $N2$ and $C0O2$, the analyzer will require a
different calibration curve or a secondary sensor to compensate for the
background change.
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Q: What is the typical life expectancy of an industrial hydrogen gas analyzer?

A: The electronics and housing can last 10-15 years. However, the sensing
elements vary: TCD filaments can last 5-10 years, while electrochemical sensors
usually require replacement every 1-2 years.

Q: How does pressure affect hydrogen measurement?

A: Most gas analyzers are partial-pressure dependent. If the process pressure
increases, the sensor will see more molecules and report a higher concentration
than actually exists. Integrated pressure compensation is vital for accurate process
control.

Q: Is it better to use an in-situ or extractive analyzer?

A: Extractive analyzers (where gas is pulled to a remote sensor) allow for better
sample conditioning, which is usually necessary for hydrogen due to moisture and
pressure issues. In-situ sensors are faster but more vulnerable to process
conditions.

By understanding the technical requirements of industrial hydrogen gas analyzers,
engineers can ensure that their hydrogen-related processes remain safe, efficient,
and compliant with international standards. Whether monitoring a high-pressure
refinery stream or a green hydrogen electrolyzer, the right combination of sensing
technology and sample conditioning is the key to reliable data.
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