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Dissolved Oxygen (DO) is a critical parameter in a wide array of industrial
processes, ranging from wastewater treatment and aquaculture to chemical
manufacturing and beverage production. Traditionally, DO measurement relied on
electrochemical sensors, such as galvanic or polarographic cells. However, the
advent of the optical DO sensor has revolutionized liquid analysis by offering
higher stability, reduced maintenance, and improved accuracy in demanding
environments. This article provides a technical overview of optical DO sensing
technology, its measurement principles, selection criteria, and practical installation
guidance for industrial applications.

| Understanding the Optical Measurement Principle

Before selecting a sensor, it is essential to understand the physics behind the
measurement. Optical DO sensors operate on the principle of "fluorescence
guenching" or "luminescence quenching."

|The Luminescence Quenching Process

Unlike electrochemical sensors that consume oxygen during measurement, an
optical DO sensor measures the interaction between oxygen and specific
luminescent dyes. The sensor assembly typically consists of a blue light-emitting
diode (LED), a sensing element coated with a luminescent material (the
luminophore), and a photodetector.

1. Excitation: The blue LED emits light of a specific wavelength toward the sensing
cap.

2. Luminescence: The luminophore molecules absorb this energy and become
excited. As they return to their ground state, they emit light at a longer wavelength
(typically red).

3. Quenching: If oxygen molecules are present at the surface of the sensing cap,
they collide with the excited luminophore molecules and absorb the energy before
it can be emitted as red light. This process is known as quenching.
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4. Detection: The sensor measures either the intensity of the emitted red light or
the "lifetime" (the time it takes for the luminescence to decay). The more oxygen
present, the more quenching occurs, resulting in a shorter lifetime and lower
intensity of the emitted light.

Because the relationship between oxygen concentration and the luminescence
lifetime is well-defined by the Stern-Volmer equation, the sensor can provide highly
accurate and repeatable measurements without the need for a constant flow of
sample across the sensor head.

| Key Advantages Over Electrochemical Sensors

In industrial process control, the shift toward optical technology is driven by
several operational advantages. While electrochemical sensors are still used in
specific niche applications, the optical DO sensor has become the standard for
most modern installations.

No Flow Dependency: Electrochemical sensors require a minimum flow rate
(typically 5-10 cm/s) to ensure a constant supply of oxygen to the membrane.
Optical sensors do not consume oxygen, making them ideal for stagnant water or
low-flow environments.

Elimination of Electrolytes and Membranes: Traditional sensors require periodic
replacement of electrolyte solutions and fragile membranes. Optical sensors use a
robust sensing cap that typically lasts 12 to 24 months, significantly reducing the
Total Cost of Ownership (TCO).

Resistance to Poisoning: Electrochemical sensors are susceptible to interference
and "poisoning" from gases like Hydrogen Sulfide (H2S). Optical sensors are
generally immune to these chemical interferences, making them superior for
wastewater treatment applications.

No Warm-up Time: Polarographic sensors require a polarization period (often 15 to
60 minutes) before they can provide stable readings. Optical sensors provide
instantaneous data upon power-up.
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| Technical Evaluation and Selection Criteria
Choosing the right optical DO sensor requires an assessment of the process

conditions and integration requirements. Engineers should evaluate the following
parameters:

| Measurement Range and Accuracy
Most industrial optical DO sensors cover a range from 0 to 20 mg/L or O to 50
mg/L. For specialized applications like boiler feedwater monitoring, "trace-level"

sensors are required, capable of measuring in the parts-per-billion (ppb) range.
Accuracy is typically within 0.1 mg/L or 1% of the reading.

| Material Compatibility

The sensor body is usually constructed from 316L stainless steel, PVC, or titanium.
In corrosive chemical environments or seawater applications, titanium or
specialized plastics are preferred to prevent galvanic corrosion.

| Selection Comparison Table
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Optical DO Sensor Galvanic/Polarographic
Sensor

Maintenance Frequency Low (Annual cap High (Monthly
replacement) membrane/electrolyte check)
Flow Requirement Zero flow required Minimum 5-10 cm/s required
Calibration Stability Excellent (Months without Moderate (Weekly/Monthly
drift) calibration)
H2S Interference None High (Poisoning of

electrodes)

Response Time (T90) < 30 - 60 seconds < 30 - 90 seconds

Initial Cost Higher Lower

| Output and Integration

Modern sensors often utilize digital communication protocols. Modbus RTU (R5485)
is common for direct integration into PLC or SCADA systems. Standard 4-20mA
analog outputs remain prevalent for legacy systems. For comprehensive process
monitoring, including level and flow instrumentation, engineers often consult the
Main Page to integrate DO sensing with tank level management and automation
hardware.

| Installation Considerations and Best Practices

Proper installation is paramount to ensuring the longevity and accuracy of an
optical DO sensor. Inaccurate readings are more often a result of poor placement
than sensor failure.

1. Orientation: The sensor should be installed at an angle (typically 45 degrees)
rather than perfectly vertical. This prevents air bubbles from becoming trapped
against the sensing cap, which would cause artificially high oxygen readings.

Welk Reference Guide 5



WELK REFERENCE GUIDE Optical Do Sensor

2. Submersion Depth: Ensure the sensor is submerged deep enough to avoid
surface turbulence and atmospheric oxygen interference, but not so deep that it
exceeds the pressure rating of the housing (standard sensors are often rated to 10
bar or 100 meters depth).

3. Avoiding Direct Sunlight: The luminophore in the sensing cap can be degraded
by prolonged exposure to intense UV light. In outdoor installations, such as open
aeration tanks, use a sun shield or mount the sensor in a shaded area.

4. Turbulence and Aeration: In wastewater aeration basins, place the sensor in a
zone of representative mixing. Avoid placing it directly above an aeration diffuser,
as the rising bubbles will cause erratic readings.

| Maintenance and Limitations

While optical DO sensors are "low maintenance," they are not "zero maintenance."
The following factors can impact performance:

Biofouling: In biological processes, algae and bacterial films can grow on the
sensing cap. This film creates a micro-environment that does not reflect the bulk
liquid oxygen concentration. Automated cleaning systems, such as compressed air
blasts or mechanical wipers, are recommended for high-fouling environments.

Sensing Cap Lifespan: The luminophore layer eventually degrades. Most
manufacturers provide a "cap health" diagnostic through the digital interface. Caps
should be replaced when the signal strength drops below a specific threshold.

Chemical Limitations: While resistant to H2S, optical sensors can be damaged by
certain organic solvents (e.g., acetone, chloroform) or high concentrations of
chlorine which may degrade the polymer matrix of the sensing cap.

| Frequently Asked Questions (FAQ)

Q: How often does an optical DO sensor need calibration?
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A: Unlike electrochemical sensors that may drift weekly, optical sensors are
remarkably stable. In many water treatment applications, a calibration check
every 3 to 6 months is sufficient. Calibration is typically performed using
"water-saturated air" (holding the sensor just above a water surface in a closed
container).

Q: Can the sensor be used in pressurized pipes?

A: Yes, provided the sensor and its mounting hardware (such as a flow cell or
hot-tap assembly) are rated for the process pressure. Most industrial optical DO
sensors can handle up to 10 bar (145 psi).

Q: Does temperature affect the reading?

A: Yes, oxygen solubility is highly temperature-dependent. Optical DO sensors
include an internal thermistor (NTC or PT100/PT1000) to provide automatic
temperature compensation. It is vital that the sensor reaches thermal equilibrium
with the process liquid for accurate results.

Q: What happens if the sensing cap is scratched?

A: Small scratches may not immediately affect accuracy, but they provide a
foothold for biofouling and can eventually lead to light leakage. If the protective
black coating on the cap is significantly compromised, the cap must be replaced to
prevent ambient light from interfering with the photodetector.

| Conclusion

The optical DO sensor represents a significant advancement in process analytical
technology. By eliminating the need for membranes, electrolytes, and constant
flow, these sensors provide a reliable and cost-effective solution for long-term
monitoring. When integrated into a broader industrial automation
strategy—alongside reliable level measurement and flow control solutions found
on the Main Page—optical DO sensors enable precise process optimization, energy
savings in aeration, and improved product quality across diverse industries.
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