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A practical guide to sensor ph, covering the reader intent, the relationship to
sensor ph, key evaluation criteria, common risks, and the information the intended

project audience should confirm before taking the next step.
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In the landscape of industrial process control, liquid analysis is as critical as
physical measurements like level, pressure, and flow. Among the various analytical
parameters, pH measurement stands as the most fundamental indicator of
chemical properties in agueous solutions. A sensor ph (pH sensor) is an
electrochemical device used to measure the acidity or alkalinity of a liquid,
expressed on a scale from 0 to 14. For industries ranging from wastewater
treatment to chemical manufacturing, selecting the correct pH sensor is essential
for ensuring product quality, protecting infrastructure from corrosion, and
maintaining environmental compliance.

While Welk specializes in professional level measurement instruments—such as
radar and ultrasonic sensors—the integration of liquid analysis with level
monitoring is a common requirement in automated systems. Understanding how a
sensor ph operates and how to select one for specific industrial environments is
key to building a robust process control loop.

Understanding the Electrochemical Principles of pH
Measurement

pH measurement is based on the potentiometric principle, which involves
measuring the electrical potential (voltage) generated by a solution. This potential
is directly proportional to the hydrogen ion concentration ($H”™+$%) in the liquid.

| The Nernst Equation

The relationship between the measured voltage and the pH value is defined by the
Nernst Equation. In ideal conditions, a pH sensor produces a potential of 0 mV at a
neutral pH of 7.0. As the solution becomes more acidic, the potential increases in
the positive direction; as it becomes more alkaline, the potential increases in the
negative direction. At 25°C (298.15 K), the theoretical change in potential is 59.16
mV per pH unit. This value is known as the "slope" of the sensor.
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| The Role of the Glass Membrane

The heart of a sensor ph is the pH-sensitive glass membrane. When this membrane
is immersed in an agqueous solution, a thin hydrated layer (gel layer) forms on both
the inner and outer surfaces. Hydrogen ions in the process liquid exchange with
ions in the gel layer. This ion exchange creates a charge separation and thus a
potential difference. To measure this potential, the sensor requires two electrodes:
a measuring electrode (the glass electrode) and a reference electrode that
provides a stable, independent constant potential.

|Components of an Industrial pH Sensor System

A modern industrial sensor ph is typically a "composite" or "combination"
electrode, housing both the measuring and reference elements in a single body.
The primary components include:

1. Glass Sensing Bulb: Specially formulated glass that responds to hydrogen ions.

2. Internal Buffer Solution: A solution with a known, stable pH (usually pH 7) that
contacts the internal side of the glass membrane.

3. Reference Element: Usually a silver wire coated with silver chloride (Ag/AgCl)
immersed in a reference electrolyte.

4. Reference Electrolyte: A salt solution (typically Potassium Chloride, KCI) that
maintains electrical continuity.

5. Junction (Diaphragm): A porous interface that allows a small amount of
electrolyte to leak into the process liquid, completing the electrical circuit without
allowing the process liquid to contaminate the reference system quickly.

6. Temperature Element: Most industrial sensors include an integrated PT100 or
PT1000 thermistor for Automatic Temperature Compensation (ATC), as the Nernst
slope is temperature-dependent.
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Selection Criteria for Industrial Sensor Ph
Applications

Choosing the right sensor ph requires an analysis of the process conditions. A
sensor that works perfectly in a clean water tank may fail within hours in a
chemical reactor.

| Chemical Compatibility

The body material of the sensor must resist the process media. Common materials
include glass, Ryton (PPS), or PVDF. Furthermore, if the solution contains
hydrofluoric acid (HF), standard glass membranes will dissolve; specialized
HF-resistant glass must be used.

| Temperature and Pressure

High temperatures accelerate the aging of the glass membrane and can cause the
reference electrolyte to expand and leak. Standard sensors are typically rated up
to 80°C (176°F), while high-temperature versions can handle up to 130°C (266°F)
for sterilization processes. Similarly, pressure must be considered. If the process
pressure exceeds the internal pressure of the sensor, the process liquid may be
forced into the junction, poisoning the reference electrode.

| Junction Type
Porous Ceramic: Standard for clean water.
Teflon (PTFE): Resistant to fouling and oils.

Open Junction: Used with solid or high-viscosity electrolytes for samples that would
clog a porous junction.
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| Practical Selection Table for pH Electrodes

The following table provides a guideline for selecting sensor ph types based on
common industrial applications:

Application Recommended Junction Material Temperature
Sensor Type Range

General Water Universal Composite Porous Ceramic -5°C to 80°C

Treatment

Chemical Processing Heavy-duty Double Junction PTFE -10°C to 110°C

(Aggressive) Glass/PVDF

Wastewater with Flat Surface Large Surface Teflon 0°C to 80°C

Solids Membrane

Pure Water / Low Refillable Liquid Capillary / Sleeve 0°C to 60°C

Conductivity Electrolyte

Food & Beverage High-Temp / Steam Ceramic / Gel (EE o 3586

(CIP/SIP) Sterilizable

HF Containing HF-Resistant Glass Double Junction 0°C to 50°C

Solutions

Installation Considerations and Mounting
Configurations

Proper installation is as important as sensor selection. Because a sensor ph relies
on a wet electrochemical reaction, the orientation and location are critical.

| Orientation

Sensors should never be installed horizontally or upside down. The internal air
bubble in the glass bulb must rise to the top, ensuring the internal buffer solution
stays in contact with the glass membrane. The recommended installation angle is
at least 15° from the horizontal plane.
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| Mounting Options

1. Immersion Mounting: The sensor is mounted on the end of a submerged pipe.
This is common in open basins or tanks. When using this method, ensure the cable
entry is sealed to prevent moisture ingress. For comprehensive tank management,
immersion pH sensors are often paired with hydrostatic or ultrasonic level
transmitters. You can Review product options and application support to see how
different instrumentation technologies integrate into tank monitoring systems.

2. Flow-Through Mounting: The sensor is installed in a T-fitting within a pipeline.
This allows for real-time monitoring of flowing liquids. Flow velocity should be kept
moderate to prevent "streaming potentials" or physical erosion of the glass.

3. Retractable Mounting: A specialized housing allows the sensor to be removed for
cleaning or calibration without stopping the process flow or draining the tank. This
is essential for critical 24/7 operations.

| Maintenance, Calibration, and Troubleshooting

Unlike a radar level meter, which is largely maintenance-free, a sensor ph is a
consumable item that requires regular attention.

| Calibration

Calibration should be performed using at least two buffer solutions (usually pH 7.00
and pH 4.01 or 10.01). This compensates for "Zero Point Offset" (the mV reading at
pH 7) and "Slope" (the efficiency of the sensor). In industrial settings, weekly or
bi-weekly calibration is standard, though this depends on the accuracy
requirements and the harshness of the media.

| Cleaning

Fouling of the glass membrane or junction is the most common cause of
measurement error.
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Oils/Greases: Clean with a mild detergent or isopropyl alcohol.
Scales/Mineral Deposits: Soak in 5% Hydrochloric Acid (HCI) for a few minutes.

Proteins: Use a pepsin/HCI cleaning solution.

| Storage

Never store a sensor ph in distilled or deionized water, as this will leach ions out of
the glass membrane and reference electrolyte. Always store the sensor in a
storage solution (usually 3M or 4M KCI) or a pH 4 buffer to keep the hydration layer
active.

| Limitations of Potentiometric pH Sensors

While highly effective, users must be aware of the inherent limitations of the
technology:

1. Lifespan: An industrial pH sensor typically lasts 6 to 18 months depending on the
environment. High temperatures and extreme pH values significantly shorten this
lifespan.

2. Sodium Error: At very high pH levels (pH > 12) in the presence of sodium ions,
the sensor may report a value slightly lower than the actual pH. Specialized "low
sodium error" glass is required for these cases.

3. Coating: Any coating on the glass bulb acts as an insulator, slowing response
time and eventually leading to total failure. Continuous ultrasonic cleaning or
high-velocity spray systems are sometimes used to mitigate this.

4. Conductivity: Standard pH sensors require a minimum liquid conductivity
(usually >50 uS/cm) to function. In ultrapure water applications, specialized
low-conductivity sensors with flowing electrolytes are necessary.

| Frequently Asked Questions (FAQ)

Q: Why is my pH reading drifting or slow to stabilize?
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A: This is usually caused by a clogged reference junction or a dehydrated glass
membrane. Try cleaning the junction and soaking the sensor in storage solution for
several hours. If the problem persists, the sensor may be reaching the end of its
service life.

Q: Can | use a standard sensor ph in a vacuum?

A: Standard gel-filled sensors may leak or fail under vacuum. You should use a
pressurized reference sensor or a specialized solid-state electrolyte sensor
designed for vacuum conditions.

Q: How does temperature affect my pH reading?

A: Temperature affects pH in two ways: it changes the chemical equilibrium of the
solution (actual pH change) and it changes the sensitivity of the electrode (Nernst
slope). Automatic Temperature Compensation (ATC) only corrects for the
electrode's sensitivity change, not the chemical change of the liquid itself.

Q: Is there a maintenance-free pH sensor?

A: No pH sensor is truly maintenance-free because the electrochemical reaction
eventually consumes the reference electrolyte or ages the glass. However,
solid-state or "non-glass" ISFET (lon-Sensitive Field Effect Transistor) sensors can
be more robust in certain applications, though they still require calibration.

| Conclusion

The implementation of a sensor ph is a vital component of modern industrial
automation, providing the chemical data necessary to balance reactions, treat
water, and protect equipment. By understanding the electrochemical principles
and carefully selecting the sensor based on temperature, pressure, and chemical
compatibility, engineers can ensure high accuracy and longer sensor life. When
integrated with advanced level measurement solutions from providers like Welk,
these analytical tools form the backbone of efficient and safe industrial process
control.



