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Free Chlorine Analyzer

A practical guide to free chlorine analyzer, covering the reader intent, the
relationship to free chlorine analyzer, 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 water treatment and process automation, maintaining the correct
concentration of disinfectants is critical for both safety and operational efficiency.
A free chlorine analyzer is an automated instrument designed to provide
continuous, real-time measurements of free residual chlorine in aqueous solutions.
This data is essential for ensuring that water remains free of pathogens while
avoiding the corrosive effects and chemical waste associated with
over-chlorination.

For engineers and plant operators, understanding the underlying measurement
technologies and the integration of these sensors into broader control
systems—such as those involving chemical storage tank monitoring available on
our Main Page—is vital for maintaining regulatory compliance and process stability.

| Measurement Principles of Free Chlorine Analyzers

Before selecting a free chlorine analyzer, it is necessary to understand the
chemical nature of what is being measured. When chlorine is added to water, it
reacts to form hypochlorous acid (HOCI) and hypochlorite ions (OCI-). The sum of
these two species is defined as "free chlorine." The effectiveness of chlorine as a
disinfectant is highly dependent on the ratio of HOCI to OCI-, which is governed
primarily by the pH of the water.

There are two primary sensing technologies used in modern industrial analyzers:
Amperometric and Colorimetric.

| 1. Amperometric Measurement

Amperometric sensors are electrochemical devices that measure the change in
current resulting from the chemical reduction of hypochlorous acid at a gold or
platinum cathode. The current produced is directly proportional to the
concentration of free chlorine.

Membrane-Covered Sensors: These utilize a gas-permeable membrane to separate
the electrodes and electrolyte from the process water. Only the undissociated
HOCI molecules pass through the membrane. This design reduces the impact of
interference from other chemicals and eliminates the need for a constant flow of
reagents.

Welk Reference Guide 2



WELK REFERENCE GUIDE Free Chlorine Analyzer

Non-Membrane (Bare Electrode) Sensors: These sensors place the electrodes
directly in contact with the sample stream. While they offer faster response times,
they are more susceptible to fouling and changes in the conductivity of the water.

|2. Colorimetric (DPD) Measurement

The DPD (N,N-diethyl-p-phenylenediamine) method is the traditional laboratory
standard, adapted for automated use. The analyzer mixes a precise amount of
DPD reagent with the water sample. The chlorine reacts with the reagent to
produce a magenta color. A photometer then measures the intensity of the light
absorbed at a specific wavelength (typically around 510 nm to 565 nm) to
determine the chlorine concentration.

Technical Comparison: Amperometric vs.
Colorimetric

Choosing the right technology depends on the specific requirements of the
application, including the need for continuous data, the presence of interfering
substances, and the available maintenance budget.
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Amperometric Sensors Colorimetric (DPD)
Analyzers
Measurement Type Continuous (Real-time) Batch/Cycle (e.qg., every 2-10
mins)
Reagents Required No Yes (DPD and Buffer)
pH Sensitivity High (Requires Low (Buffered by reagents)

compensation)

Maintenance Low to Moderate Moderate to High (Reagent
(Membrane/Electrolyte) replacement)
Response Time Seconds Minutes
Interference Sensitive to flow and Sensitive to turbidity and
pressure color
Operating Cost Lower (No consumables) Higher (Ongoing reagent
costs)

| Key Selection Criteria for Industrial Applications

When evaluating a free chlorine analyzer for a specific project, engineers should
consider the following technical parameters to ensure long-term reliability.

| pH Stability and Compensation

As mentioned, the ratio of HOCI to OCI- changes with pH. At a pH of 6.5,
approximately 90% of free chlorine is HOCI. At a pH of 8.5, only about 10% is HOCI.
Since amperometric sensors primarily detect HOCI, an increase in pH will result in
a lower reading even if the total free chlorine remains constant. Advanced
analyzers incorporate a pH sensor and a software algorithm to provide automatic
pH compensation, ensuring accuracy across a wider range (typically up to pH 9.0).
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| Flow and Pressure Regulation

Amperometric sensors are flow-dependent. A consistent flow rate (usually between
30 and 60 liters per hour) is required to maintain a stable diffusion layer at the
sensor surface. Most industrial installations require a flow cell with an integrated
pressure regulator and flow meter to prevent measurement drift caused by
hydraulic fluctuations.

| Range and Resolution

For drinking water applications, a range of 0-5 mg/L (ppm) with a resolution of
0.01 mg/L is standard. In industrial cooling towers or wastewater disinfection,
higher ranges up to 20 mg/L may be required. Ensure the selected analyzer's
detection limit aligns with the lower end of your process setpoint.

| Installation Considerations

Proper installation is as critical as the choice of sensor technology. Failure to
account for the physical environment can lead to premature sensor failure or
inaccurate data.

1. Sample Point Location: The sample should be taken from a point where the
chlorine is fully mixed with the water, typically 10 to 20 pipe diameters
downstream from the injection point.

2. Drainage Requirements: Colorimetric analyzers produce chemical waste
(reagents mixed with sample water) that must be disposed of according to local
environmental regulations. Amperometric analyzers typically return the sample to
the process or a drain without chemical alteration.

3. Mounting: The analyzer and flow cell should be mounted on a vibration-free wall
or stand. If the analyzer is located outdoors, a protective enclosure with
temperature control may be necessary to prevent the freezing of reagents or
electronic malfunction.
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4. Integration with Level Control: In chemical dosing systems, the chlorine analyzer
works in tandem with level measurement instruments. For instance, while the
analyzer controls the dosing pump speed, ultrasonic or radar level meters monitor
the remaining volume in the sodium hypochlorite storage tank. You can find
detailed technical specifications for these integrated level solutions on our Main
Page.

| Limitations and Common Risks

While highly effective, a free chlorine analyzer is not a "set and forget" instrument.
Awareness of its limitations is essential for troubleshooting.

Biofouling: In untreated water, biological growth can accumulate on the sensor
membrane or inside the photometer cell, leading to sluggish response or false
readings. Regular cleaning or the use of automated cleaning systems is required.

Air Bubbles: For both amperometric and colorimetric systems, air bubbles in the
sample line can mimic chlorine concentration or block the light path in a
photometer. Degassing chambers are often necessary in pressurized systems.

Chemical Interference: High concentrations of manganese, iron, or chromium can
interfere with DPD color development. Similarly, total chlorine (including
chloramines) will interfere with sensors not specifically designed to distinguish
between free and combined species.

| Maintenance and Calibration Protocols

To maintain accuracy, a structured maintenance schedule should be implemented:
Weekly: Visual inspection of flow rates and checking for leaks in the sample lines.

Monthly: Verification of the analyzer reading against a calibrated handheld DPD
photometer. If the deviation exceeds 10%, a zero and span calibration should be
performed.

Quarterly/Bi-annually: For amperometric sensors, replace the electrolyte and
inspect the membrane for tears or scaling. For colorimetric systems, replace
reagent tubing and clean the optical cell.
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| Frequently Asked Questions (FAQs)

Q: Can a free chlorine analyzer measure total chlorine?

A: Not directly. A free chlorine analyzer is designed for HOCI and OCI-. To measure
total chlorine (which includes chloramines), a different sensor or a specific DPD
reagent set is required. Some dual-channel analyzers can measure both and
calculate the combined chlorine level.

Q: How does temperature affect the measurement?

A: Temperature affects both the chemical equilibrium of chlorine and the
permeability of the sensor membrane. Quality analyzers include an integrated
Pt100 or Pt1000 temperature sensor to provide automatic thermal compensation.

Q: Why is my amperometric sensor reading zero when there is chlorine present?

A: This is often caused by a lack of flow, a depleted electrolyte, or a fouled
membrane. It can also occur if the water pH has risen beyond the compensation
range of the instrument, causing the chlorine to exist almost entirely as OCl-,
which the sensor cannot detect.

Q: Is it better to use a reagent-less sensor?

A: If the water quality is relatively stable (consistent pH and low turbidity) and the
goal is to minimize operational costs, a reagent-less amperometric sensor is
preferred. However, for complex water matrices with fluctuating pH, a DPD-based
colorimetric analyzer remains the more robust choice.

| Conclusion

The implementation of a free chlorine analyzer is a fundamental step in
modernizing water treatment and industrial process control. By understanding the
trade-offs between amperometric and colorimetric technologies, and by ensuring
proper installation and maintenance, facilities can achieve precise disinfection
control. When combined with reliable tank level monitoring—details of which are
available via our Main Page—operators can ensure a fully automated and safe
chemical management system.
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