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In the landscape of industrial process control and environmental monitoring, the
electrochemical pH sensor remains the most widely adopted technology for
determining the acidity or alkalinity of aqueous solutions. From wastewater
treatment plants to complex chemical synthesis, the ability to measure hydrogen
ion activity accurately is critical for maintaining product quality, ensuring
regulatory compliance, and protecting downstream equipment. This guide provides
an engineering-focused overview of electrochemical pH sensors, their operating
principles, selection criteria, and practical installation requirements.

| Understanding the Measurement Principle

An electrochemical pH sensor operates as a galvanic cell, converting chemical
energy—specifically the activity of hydrogen ions—into an electrical potential. The
measurement is fundamentally a potentiometric process, relying on the voltage
difference between two distinct electrodes immersed in a solution.

|The Glass Electrode (Measuring Electrode)

The core of the sensor is the pH-sensitive glass membrane. When this membrane
comes into contact with an aqueous solution, a hydrated gel layer forms on both
the inner and outer surfaces. Hydrogen ions in the process liquid exchange with
ions in the gel layer. Depending on the concentration of hydrogen ions (the pH) in
the process liquid, a relative charge builds up on the outer surface of the
membrane. Since the internal filling solution of the electrode has a constant pH, a
potential difference is established across the glass membrane.

| The Reference Electrode

To measure the potential generated at the glass membrane, a stable reference
point is required. The reference electrode provides a constant electrochemical
potential that is independent of the pH of the solution. Most industrial sensors
utilize a Silver/Silver Chloride (Ag/AgCl) system. The reference electrode is housed
in a chamber filled with a concentrated potassium chloride (KCI) electrolyte, which
makes contact with the process liquid through a porous junction.
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| The Nernst Equation

The relationship between the measured voltage (mV) and the pH value is defined
by the Nernst equation:

E = EO-(2.303 RT / nF) pH

Where:

E: Measured potential

EO: Standard potential of the system
R: Gas constant

T: Absolute temperature (Kelvin)

n: lonic charge

F: Faraday constant

At 25°C, the theoretical slope of a pH sensor is 59.16 mV per pH unit. As
temperature fluctuates, this slope changes, which is why integrated temperature
compensation (typically using a Pt100 or Pt1000 RTD) is essential for accurate
industrial measurements.

Key Components of an Industrial Electrochemical pH
Sensor

For an electrochemical pH sensor to survive in harsh industrial environments, its
construction must be robust. The following components are critical to sensor
longevity:

1. The Junction: This is the interface between the reference electrolyte and the
process medium. Common materials include ceramic, PTFE (Teflon), or wood. In
processes containing oils or suspended solids, a large-surface PTFE junction is
often preferred to prevent clogging.
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2. The Electrolyte: While liquid KCI provides the fastest response, many industrial
sensors use a gelled electrolyte or a solid polymer. These "maintenance-free"
designs resist poisoning and are less prone to leaking under pressure.

3. The Body Material: Most sensors use a glass body for chemical compatibility, but
for applications where glass breakage is a risk (e.g., food production), plastic or
stainless steel housings with recessed glass tips are utilized.

| Practical Selection Table for Industrial Applications

Choosing the right electrochemical pH sensor requires balancing chemical
compatibility, physical constraints, and maintenance capabilities. The table below
outlines common scenarios.

Application Recommended Electrolyte Type Key Consideration
Junction

General Water Ceramic Gel-filled Cost-effective and

Treatment reliable for clean
water.

Chemical Processing PTFE (Teflon) Polymer/Solid High resistance to
chemical attack and
fouling.

Wastewater (High Open Aperture Solid Polymer Prevents junction

Solids) clogging from

suspended particles.

High-Pressure Tanks Ceramic/PTFE Pressurized Liquid Requires a
compensated
reference to prevent
process ingress.

Low Conductivity Large Surface Liquid KCI Ensures stable
Water Ceramic electrical contact in
pure water.

| Installation and Engineering Considerations

Correct installation is as vital as sensor selection. Improper mounting can lead to
measurement lag, premature sensor failure, or mechanical damage.
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| Mounting Angle

An electrochemical pH sensor should never be installed horizontally or upside
down. The internal buffer solution must stay in contact with the glass membrane to
maintain a continuous electrical circuit. A minimum installation angle of 15° from
the horizontal is recommended to ensure that any air bubbles within the sensor
rise to the top, away from the pH-sensitive tip.

| Flow and Velocity

Sensors should be installed in a location with representative flow. In stagnant
areas, the pH may not reflect the bulk of the process. Conversely, extremely high
velocities can cause "streaming potentials," leading to noisy signals. A flow
velocity between 0.5 m/s and 2 m/s is generally ideal for most industrial probe
designs.

| Cable Management

Because the signal from a pH sensor is a high-impedance voltage, it is extremely
sensitive to electromagnetic interference (EMI). Use shielded cables and keep the
distance between the sensor and the transmitter as short as possible. For
distances exceeding 10-15 meters, a pre-amplifier or a digital sensor (which
converts the signal to a digital protocol like Modbus or HART at the sensor head)
should be used.

| Integration with Level Instrumentation

In many process tanks, pH control is inextricably linked to level management. For
instance, in neutralization tanks, chemical dosing is determined by the pH value,
but the volume of reagent required depends on the current liquid level.
Engineering teams often specify electrochemical pH sensors alongside radar or
ultrasonic level meters to provide a complete picture of tank dynamics. For a
comprehensive range of industrial measurement tools, engineers can Review
product options and application support to ensure all process variables are
monitored effectively.
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| Limitations and Common Risks

Despite their versatility, electrochemical pH sensors have inherent limitations that
must be managed through proactive maintenance.

Aging: The glass membrane and reference junction degrade over time. A typical
industrial pH sensor has a lifespan of 6 to 18 months, depending on the
temperature and chemical aggressiveness of the environment.

Coating and Fouling: In processes with fats, oils, or mineral scales, the sensor tip
can become coated. This increases response time and reduces accuracy.
Automated cleaning systems (using water or chemical jets) are often necessary for
these applications.

Reference Poisoning: Certain chemicals, such as sulfides, cyanides, or heavy
metals, can react with the silver ions in the reference electrolyte, forming
precipitates that clog the junction and cause significant drift.

Temperature Extremes: High temperatures accelerate the chemical degradation of
the glass, while freezing can crack the membrane or the reference chamber.

| Maintenance and Calibration Best Practices

To maintain accuracy, electrochemical pH sensors require regular calibration using
standard buffer solutions (typically pH 4.0, 7.0, and 10.0).

1. Two-Point Calibration: This is the standard industrial practice. The first point (pH
7.0) establishes the zero point (offset), and the second point (pH 4.0 or 10.0)
establishes the slope.

2. Cleaning: Before calibration, the sensor should be cleaned with a mild detergent
or a specific cleaning solution (e.g., 5% HCI for calcium deposits) to remove any
surface contamination.

3. Hydration: If a sensor has dried out, it must be soaked in a KCl storage solution
for at least 4-24 hours before it can provide reliable measurements.

Welk Reference Guide 6



WELK REFERENCE GUIDE Electrochemical Ph Sensor

| Frequently Asked Questions (FAQ)

Q: Can | use a pH sensor in non-aqueous liquids like pure oils?

A: Standard electrochemical pH sensors require an agqueous phase to establish a
potential. In non-aqueous liquids, the resistance is too high for a standard sensor
to function. Specialized electrodes with low-resistance glass and specific
electrolytes are required, though results are often difficult to correlate to standard
pH scales.

Q: Why does my pH reading drift immediately after calibration?

A: This is often caused by a clogged or contaminated junction. If the reference
potential is not stable, the reading will drift. It can also be caused by ground loops
if the sensor is not properly isolated from the electrical noise of the tank or piping.

Q: How often should | calibrate my sensor?

A: This depends entirely on the process. In stable water treatment applications,
monthly calibration may suffice. In harsh chemical reactors, daily or even
shift-based calibration may be necessary to maintain the required precision.

Q: What is the difference between a combined electrode and a separate electrode
system?

A: A combined electrode houses both the measuring glass electrode and the
reference electrode in a single body. This is the standard for most industrial
applications due to ease of installation. Separate systems use two distinct probes
and are typically reserved for specialized laboratory or high-precision research
applications.
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| Conclusion

The electrochemical pH sensor is a cornerstone of modern industrial process
control. While the underlying technology is mature, successful implementation
requires a deep understanding of the chemical environment and the mechanical
requirements of the installation site. By selecting the appropriate junction type,
ensuring correct mounting angles, and adhering to a rigorous calibration schedule,
facilities can achieve reliable and accurate pH monitoring. When combined with
other critical process data, such as that provided by advanced level measurement
systems found on the Welk Main Page, operators can ensure the safety, efficiency,
and quality of their industrial operations.
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