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In the landscape of industrial process control, the measurement of liquid properties
is as critical as the measurement of liquid volume. While level measurement
instruments—such as radar level meters and ultrasonic sensors—provide essential
data on the quantity of a substance, ph probes provide the necessary data
regarding its chemical state. For engineers and plant managers, understanding the
selection, installation, and maintenance of pH sensors is vital for ensuring process
efficiency, equipment longevity, and regulatory compliance.

This guide examines the technical principles of pH measurement, the various types
of probes available for industrial applications, and how these analytical tools
integrate with broader instrumentation strategies, including level monitoring
systems.

|Measurement Principles of pH Probes

The measurement of pH is fundamentally the measurement of the hydrogen ion
activity in a solution. The term pH stands for "potential of Hydrogen," and the scale
typically ranges from 0 (highly acidic) to 14 (highly alkaline), with 7 being neutral.

| The Potentiometric Method

Most industrial ph probes operate on the potentiometric principle. This method
measures the voltage difference between two electrodes submerged in a liquid: a
glass electrode (the sensing electrode) and a reference electrode.

1. The Glass Electrode: This electrode features a specialized pH-sensitive glass
membrane. When immersed, a hydrated layer forms on the outer surface of the
glass. Hydrogen ions in the process liquid exchange with ions in the glass
membrane, creating a millivolt (mV) potential proportional to the hydrogen ion
concentration.

2. The Reference Electrode: To measure the potential of the glass electrode, a
stable reference point is required. The reference electrode is designed to maintain
a constant potential, regardless of the liquid's pH. It typically contains a
silver/silver chloride (Ag/AgCl) element immersed in an electrolyte (usually
potassium chloride, KCI).
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3. The Junction: The reference electrode contacts the process liquid through a
junction (porous ceramic, Teflon, or an open hole). This allows a small amount of
electrolyte to flow or interface with the sample, completing the electrical circuit.

| The Nernst Equation

The relationship between the voltage produced and the pH value is defined by the
Nernst Equation. At 25°C (77°F), a change of one pH unit corresponds to a change
of 59.16 mV. Because this voltage is temperature-dependent, modern industrial

probes almost always incorporate an Automatic Temperature Compensation (ATC)
element, such as a PT100 or PT1000 thermistor, to adjust the reading in real-time.

| Types of Industrial pH Probes

Selecting the correct probe requires matching the sensor's physical and chemical
properties to the specific process environment. Industrial probes are significantly
more robust than laboratory versions, often featuring reinforced bodies and
specialized junctions.

| 1. Combination Probes

Most modern industrial applications use "combination" probes, which house the
sensing electrode, reference electrode, and temperature sensor within a single
body. This simplifies installation and reduces the footprint in tanks or pipelines.

| 2. Junction Variations

Ceramic Junctions: Standard for clean water applications but prone to clogging in
dirty or oily liquids.

Teflon (PTFE) Junctions: Highly resistant to fouling and chemical attack, making
them ideal for wastewater and chemical processing.

Open Junctions: Used with solid or polymer electrolytes for extremely viscous or
high-solids media where traditional junctions would fail immediately.
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| 3. Electrolyte Types

Liquid Electrolytes: Often used in refillable probes. They provide a high flow rate
through the junction, which is excellent for high-accuracy requirements in pure
water.

Gel Electrolytes: Most common in "maintenance-free" industrial probes. They are
less prone to leaking and can withstand higher pressures.

Solid/Polymer Electrolytes: These eliminate the need for a junction entirely by
using a conductive polymer, making them nearly immune to poisoning and

clogging.

| Selection Criteria for Industrial Applications

When specifying ph probes for a facility, engineers must evaluate several
environmental factors to avoid premature sensor failure.

| Chemical Compatibility

The body of the probe (often Ryton, PVDF, or Glass) and the O-rings (Viton or
EPDM) must be compatible with the process media. In aggressive chemical
environments, such as those found in mining or chemical synthesis, specialized
glass formulations are used to resist hydrofluoric acid or high-alkalinity "sodium
error."

| Temperature and Pressure

Standard probes are typically rated up to 80°C (176°F) and 6 bar (87 PSI).
However, high-temperature processes or steam sterilization (SIP) require probes
designed for up to 130°C (266°F). For high-pressure applications, pressurized
reference systems are used to prevent the process liquid from forcing its way into
the probe and poisoning the reference electrolyte.
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| Installation Environment

Consider whether the probe will be installed in a bypass loop, submerged in a tank,
or inserted directly into a main process line. This determines the type of mounting
hardware—such as immersion sleeves, flow cells, or retractable
assemblies—required for the job.

| Practical Selection Table

Application Recommended Electrolyte Temperature Pressure Limit
Junction Type Range

Municipal Water Ceramic Gel (Sealed) 0°C to 80°C 6 Bar (87 PSI)

Treatment

Chemical Teflon (PTFE) Gel or Polymer -5°C to 100°C 10 Bar (145 PSI)

Dosing Tanks

Wastewater / Open Junction Solid Polymer 0°C to 90°C 4 Bar (58 PSI)
Slurries

High-Purity Liquid KCI Liquid 0°C to 60°C 1 Bar (14.5 PSI)
Water (Refillable)

Food & Ceramic/Teflon Food-grade Gel 5EC e 355 10 Bar (145 PSI)

Beverage (CIP)

| Integration with Level Measurement Systems

In many B2B industrial contexts, pH monitoring is not an isolated task. It is
frequently paired with level measurement to manage chemical storage and
reaction vessels. For instance, in a neutralization tank, an ultrasonic or radar level
meter (available via our Main Page) monitors the volume of the tank to prevent
overfills, while the pH probe controls the dosing pumps that add acid or caustic
agents.

Effective integration involves:
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Unified Signal Processing: Both the level transmitter and the pH transmitter
typically output a 4-20mA signal or communicate via digital protocols like Modbus
or HART to a central PLC.

Placement Strategy: pH probes should be placed in areas of high turbulence or
near an agitator to ensure a representative sample, whereas level meters require
a stable surface for accurate readings.

Safety Interlocks: High-level alarms from a level meter can be programmed to shut
down dosing pumps regardless of the pH probe's reading, providing a critical layer
of redundant safety.

For more information on coordinating these technologies, you can Review product
options and application support at the Main Page.

| Installation Considerations

To ensure the longevity and accuracy of ph probes, follow these engineering best
practices during installation:

1. Mounting Angle: Probes must never be installed horizontally or upside down. A
minimum angle of 15° above the horizontal is required to ensure the internal
electrolyte stays in contact with the glass membrane and that no air bubbles are
trapped in the sensor tip.

2. Flow Velocity: In pipeline installations, the flow should be directed toward the
face of the probe. However, excessive velocity can cause "streaming potentials"
(static noise) or physical erosion of the glass.

3. Accessibility: pH probes are consumable items that require regular calibration.
Install them in locations where a technician can safely remove them without
shutting down the entire process. Retractable "hot-tap" assemblies are
recommended for critical lines.

4. Cable Management: The high-impedance signal from a pH probe is extremely
sensitive to electromagnetic interference (EMI). Use shielded cables and keep
them away from high-voltage power lines or variable frequency drives (VFDs).
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| Maintenance and Calibration

Unlike level meters, which are often "set and forget" instruments, ph probes
require active maintenance. Over time, the glass membrane dehydrates, the
junction clogs, and the reference electrolyte becomes depleted or contaminated.

| Calibration Cycles

Calibration should be performed using standard buffer solutions (typically pH 4.0,
7.0, and 10.0).

Zero Point (Offset): This is the mV reading at pH 7.0. A new probe should be close
to 0 mV. If the offset exceeds £30 mV, the probe likely needs cleaning or
replacement.

Slope: This measures the probe's sensitivity. A perfect slope is 100% (59.16
mV/pH). If the slope drops below 85%, the response time will be sluggish, and the
probe should be replaced.

| Cleaning Procedures

General Scale: Soak in 5% Hydrochloric acid (HCI).

Oils and Grease: Use a mild detergent or isopropyl alcohol.
Proteins: Soak in a solution of Pepsin and HCI.

Storage: Never store a pH probe in deionized or distilled water, as this will leach
ions out of the glass and reference electrolyte. Always use a storage solution,
typically 3M KCI.

| Limitations and Common Challenges

Despite their necessity, ph probes face several limitations in industrial
environments:
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Dehydration: If a probe is left in a dry tank, the hydrated layer on the glass
membrane will disappear, leading to permanent damage or a long rehydration
period.

Poisoning: Certain chemicals, such as heavy metals or cyanides, can react with the
silver ions in the reference electrolyte, clogging the junction with precipitates.

Coating: In wastewater, fats, oils, and greases (FOG) can coat the probe, insulating
it from the liquid and causing the reading to drift.

| Frequently Asked Questions (FAQ)

Q: How long does an industrial pH probe last?

A: In clean water at room temperature, a probe may last 1-2 years. In harsh
chemical processes or high temperatures, the lifespan may be as short as 3-6
months.

Q: Can | use a pH probe to measure the level of a liquid?

A: No. pH probes only measure chemical acidity/alkalinity. For level measurement,
you should utilize technologies like radar, ultrasonic, or hydrostatic transmitters
found on our Main Page.

Q: Why does my pH reading drift?

A: Drift is usually caused by a clogged junction, a depleted reference electrolyte, or
electrical interference (ground loops). Ensure the probe is properly cleaned and
that the transmitter is grounded correctly.

Q: Does pressure affect pH readings?

A: While pressure does not significantly change the pH of the liquid itself, it can
affect the probe by forcing process liquid into the reference junction, leading to
"reference poisoning."
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By understanding these technical nuances, process engineers can select the most
appropriate ph probes for their specific needs, ensuring that their analytical data is
as reliable as their level and flow measurements. For comprehensive
instrumentation solutions that bridge the gap between level monitoring and liquid
analysis, visiting the Main Page provides access to a wide range of industrial tools
designed for accuracy and durability.
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