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In the landscape of industrial process control, the measurement of liquid acidity
and alkalinity is as fundamental as monitoring pressure or flow. A ph analog sensor
serves as the primary interface between a chemical process and the control
system, providing a continuous electrical signal that represents the hydrogen-ion
activity in a solution. For engineers and plant managers, selecting the right analog
sensor is a critical decision that impacts product quality, equipment longevity, and
regulatory compliance.

While digital protocols like Modbus or HART are gaining traction, the analog sensor
remains a staple in B2B applications due to its simplicity, real-time response, and
compatibility with legacy Programmable Logic Controllers (PLCs). This guide
provides a technical deep dive into the principles, selection, and installation of
these essential instruments within the broader context of industrial automation
and liquid management.

| Measurement Principles of pH Sensors

To effectively implement a ph analog sensor, one must first understand the
electrochemical principles that govern its operation. The measurement is based on
the potentiometric method, which determines the potential difference between two
electrodes immersed in a solution.

| The Nernst Equation

The theoretical basis for pH measurement is the Nernst Equation. It describes how
the electrical potential of an electrode changes in response to the concentration of
ions. In practical terms, for every unit change in pH, the sensor generates a
change of approximately 59.16 mV at 25°C. This millivolt signal is the raw analog
output that must be conditioned and transmitted to a control system.

| Electrode Components

A standard industrial pH sensor consists of two primary parts, often housed in a
single "combination" body:
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1. Glass Electrode (Sensing Electrode): This component features a specialized
pH-sensitive glass membrane. When submerged, a hydrated layer forms on the
glass surface, allowing an ion exchange that creates a voltage proportional to the
hydrogen ion concentration.

2. Reference Electrode: This electrode provides a stable, known potential that is
independent of the pH of the solution. It typically utilizes a silver/silver chloride
(Ag/AgCl) internal element and a liquid or gel electrolyte that makes contact with
the process liquid through a porous junction.

When these two electrodes are placed in a liquid, a complete circuit is formed. The
difference in potential between them is the raw signal. Because this raw signal has
extremely high impedance (often exceeding 100 MQ), it is highly susceptible to
electrical noise, necessitating robust analog signal conditioning.

| Understanding the Analog Signal Output

The term "analog" in a ph analog sensor refers to how the measurement data is
transmitted. Unlike digital sensors that send packets of data, analog sensors
provide a continuous variable signal.

| 4-20mA Current Loops

The 4-20mA current loop is the most common analog standard in industrial
environments. In this configuration, 4mA typically represents pH 0 (or the lower
range limit), and 20mA represents pH 14 (or the upper range limit).

Noise Immunity: Current loops are inherently resistant to electrical noise and
voltage drops over long cable runs, making them ideal for large-scale industrial
plants.

Fault Detection: A signal of OmA indicates a broken wire or sensor failure,
providing a built-in safety mechanism that simple voltage signals lack.
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| Voltage Signals (0-5V or 0-10V)

Some sensors output a direct voltage. While easier to interface with simple data
loggers or microcontrollers, voltage signals are prone to degradation over long
distances and are sensitive to electromagnetic interference (EMI) from nearby
motors or heavy machinery.

| Key Evaluation Criteria for Selection

Selecting a ph analog sensor requires balancing technical specifications with the
specific rigors of the application environment. Failure to account for process
conditions can lead to rapid sensor degradation or inaccurate readings.

| Temperature and Pressure

Temperature is perhaps the most significant variable in pH measurement. It affects
both the chemical activity of the ions and the sensitivity of the glass electrode.
High-quality analog sensors include an integrated Temperature Compensation
(ATC) element, such as a Pt100 or Pt1000 RTD, to adjust the output signal in
real-time.

Pressure is equally vital, especially in in-line installations. If the process pressure
exceeds the internal pressure of the reference electrode, process fluid can be
forced into the sensor, "poisoning" the reference junction and rendering the sensor
useless.

| Chemical Compatibility
The materials of the sensor body (e.g., Ryton, PVDF, or Stainless Steel) and the
type of glass membrane must be compatible with the process media. For instance,

hydrofluoric acid will quickly etch standard glass, requiring specialized HF-resistant
glass membranes.
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| Junction Type

The reference junction is the most common point of failure.

Porous PTFE: Excellent for general water treatment.

Ceramic: High precision but prone to clogging in oily or high-solids liquids.

Double Junction: Provides an extra barrier against contaminants that might poison
the internal reference electrode, significantly extending the sensor's lifespan in
harsh chemical environments.

| Selection Table for Industrial pH Sensors

General Water Chemical High-Purity Oily/Wastewater
Treatment Processing Water
Junction Type Single Porous Double Junction Large Surface Open
ETEE Area Aperture/Solid
Polymer
Body Material PVC or Ryton PVDF or Stainless Steel Ryton or Epoxy

Stainless Steel

Temp Range 0 to 60°C -10 to 110°C 0 to 50°C 0 to 80°C
Pressure Limit 4 bar (58 psi) 10 bar (145 psi) 2 bar (29 psi) 6 bar (87 psi)
Analog Output 4-20mA 4-20mA 0-5V or 4-20mA 4-20mA

| Installation Considerations

Proper installation is as important as the sensor quality itself. Even the most
advanced ph analog sensor will provide inaccurate data if installed incorrectly.

Welk Reference Guide 5



WELK REFERENCE GUIDE Ph Analog Sensor

| Mounting Orientation

Sensors should never be installed horizontally or upside down. A minimum angle of
15° above the horizontal is required to ensure that the internal electrolyte stays in
contact with the glass membrane and that no air bubbles are trapped inside the
sensor bulb.

| Flow and Velocity

In-line sensors should be placed where there is a consistent, representative flow of
the liquid. However, excessively high flow velocities can cause "streaming
potentials" (static-like interference) or physical erosion of the glass membrane.
Conversely, stagnant areas should be avoided as they may not reflect the actual
process pH.

| Grounding and Shielding

Because pH signals are high-impedance, proper grounding is non-negotiable. Using
shielded cables and ensuring that the shield is grounded at only one end (typically
the PLC or transmitter end) prevents ground loops that can cause signal drift or
erratic readings.

| Common Risks and Limitations

Despite their reliability, analog pH sensors have inherent limitations that B2B users
must manage through proactive maintenance.

1. Dehydration: If a pH sensor is allowed to dry out, the hydrated layer on the glass
membrane will collapse. While some sensors can be rejuvenated by soaking in a
storage solution (KCI), prolonged dehydration often leads to permanent loss of
sensitivity.

2. Drift: All pH sensors drift over time due to the aging of the glass and the
depletion of the reference electrolyte. This necessitates regular calibration against
known buffer solutions (usually pH 4.0, 7.0, and 10.0).
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3. Coating and Fouling: In applications like wastewater treatment, fats, oils, and
greases (FOG) can coat the sensor. This creates a physical barrier that slows down
the response time or causes a complete loss of signal.

| Integration with Industrial Monitoring Systems

In modern industrial facilities, pH monitoring is rarely an isolated task. It is often
integrated into a comprehensive liquid management system. For example, in a
chemical storage tank, a ph analog sensor might work in tandem with level
transmitters to ensure that neutralizing agents are added correctly as the volume
of the liquid changes.

Welk, a professional manufacturer of industrial level measurement instruments,
provides the foundational infrastructure for such systems. While pH sensors
monitor the chemical state, Welk's radar and ultrasonic level meters provide the
precise volume data necessary for automated dosing. For a complete overview of
how these technologies integrate into industrial automation, you can visit the Main
Page to review product options and application support.

|Frequent|y Asked Questions (FAQs)

Q: How often should a ph analog sensor be calibrated?

A: This depends on the application. In stable water treatment processes, once a
month may suffice. In harsh chemical reactions, weekly or even daily calibration
might be required to maintain accuracy.

Q: Can | extend the cable of my pH sensor?

A: Yes, but with caution. For raw mV signals, extensions should be kept as short as
possible and require high-quality coaxial cable. For 4-20mA signals, cables can be
extended hundreds of meters without signal loss, provided there is sufficient loop
voltage.

Q: What is the typical lifespan of an industrial pH sensor?
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A: In benign conditions, a sensor may last 12 to 24 months. In high-temperature or
highly corrosive environments, the lifespan may be reduced to 3 to 6 months.
Treat pH sensors as consumables in your maintenance budget.

Q: Why is my sensor reading 7.00 pH regardless of the liquid?

A: This often indicates a short circuit in the cable or a cracked glass membrane. If
the internal and external liquids meet, the potential difference drops to zero, which
the transmitter interprets as pH 7 (neutral).

| Conclusion

The ph analog sensor remains an indispensable tool for B2B industrial applications.
By understanding the underlying electrochemical principles and carefully
evaluating the environmental demands of the process, engineers can select a
sensor that provides reliable, long-term performance. When combined with robust
level measurement and automation strategies, these sensors ensure that industrial
processes remain safe, efficient, and compliant with environmental standards.
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