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In industrial process control, the continuous monitoring of liquid acidity or alkalinity
is a fundamental requirement for ensuring product quality, protecting equipment
from corrosion, and meeting environmental discharge regulations. In line pH
measurement refers to the integration of pH sensors directly into a process pipe or
a bypass loop, allowing for real-time data acquisition without the need for manual
sampling. This approach is critical in industries such as water treatment, chemical
manufacturing, and oil and gas, where rapid changes in process chemistry require
immediate automated responses.

While level measurement instruments, such as those found on the Main Page,
provide essential data regarding volume and inventory, in line pH systems provide
the chemical context necessary for safe and efficient operations. This guide
explores the technical principles, selection criteria, and installation best practices
for implementing robust in line pH monitoring solutions.

| Measurement Principles of In Line pH

The measurement of pH is based on the electrochemical potential generated
across a selective membrane. Most industrial in line pH systems utilize a
combination electrode, which houses both a sensing electrode and a reference
electrode within a single body.

| The Glass Electrode

The sensing component is typically a glass bulb made from a specialized
hydrogen-ion-sensitive glass. When this glass comes into contact with an aqueous
solution, a hydrated gel layer forms on both the outside and the inside of the bulb.
The difference in hydrogen ion concentration between the internal buffer solution
and the external process liquid creates a potential difference (voltage) across the
membrane. This relationship is governed by the Nernst Equation, which states that
for every pH unit change, the potential changes by approximately 59.16 mV at
25°C (77°F).
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| The Reference System

To measure the potential generated by the glass electrode, a stable reference
point is required. The reference electrode usually consists of a silver/silver chloride
(Ag/AgCl) wire immersed in a concentrated potassium chloride (KCI) electrolyte.
The electrolyte makes contact with the process liquid through a porous junction
(ceramic, PTFE, or wood), completing the electrical circuit. A stable reference
potential is vital; any contamination or "poisoning" of the reference junction will
result in measurement drift and inaccuracy.

|Temperature Compensation

Because the millivolt output of the pH electrode is temperature-dependent, in line
pH sensors must incorporate a temperature element (such as a Pt100 or Pt1000
RTD). The transmitter uses this temperature data to correct the pH reading,
ensuring accuracy across varying process conditions.

| Key Evaluation Criteria for In Line pH Sensors

Selecting the correct sensor for in line pH applications requires a thorough
understanding of the process environment. Unlike level sensors that may be
non-contact (such as radar or ultrasonic units), pH sensors are always in direct
contact with the medium, making them susceptible to chemical attack and
physical fouling.

| 1. Chemical Compatibility

The sensor body, O-rings, and the glass membrane itself must be resistant to the
process chemicals. For example, in applications involving hydrofluoric acid (HF),
standard glass electrodes will dissolve rapidly. In such cases, specialized
HF-resistant glass or non-glass (ISFET) sensors are required.
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| 2. Pressure and Temperature Limits

In line installations often subject sensors to significant mechanical stress. Standard
glass electrodes are typically rated for pressures up to 6 bar (87 psi) and
temperatures up to 80°C (176°F). For high-pressure or high-temperature steam
sterilization (SIP) processes, sensors with reinforced glass and pressurized
reference systems are necessary.

| 3. Process Connection and Housing

The choice of housing determines how the sensor is integrated into the piping.
Common options include:

Flow-through cells: Small chambers installed in a bypass line.

Retractable assemblies: Allow the sensor to be removed for cleaning or calibration
without shutting down the process line.

Immersion probes: Used for open channels or tanks, often paired with hydrostatic
level transmitters.

| Selection Table: Electrode Junction Types

Ceramic Porous Ceramic General water Prone to clogging in
treatment, clean oily or high-solids
liquids media

PTFE (Teflon) Porous PTFE Chemical processing, Slower response
wastewater time than ceramic

Open Junction Solid Polymer Slurries, paints, Not suitable for
high-solid content high-pressure

applications

Wood Ground Wood Paper pulp, Limited chemical
high-fiber media resistance
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| Installation Considerations for In Line pH

Proper installation is the single most important factor in ensuring the longevity and
accuracy of an in line pH system. Poor placement can lead to air bubbles trapping
on the sensor surface, slow response times, or premature sensor failure.

| Mounting Angle

Glass pH electrodes should never be installed horizontally or upside down. They
must be mounted at an angle of at least 15° above the horizontal. This ensures
that the internal electrolyte stays in contact with the glass bulb and that any air
bubbles inside the electrode float away from the sensing tip.

| Flow Velocity and Turbulence

The sensor should be placed in a location with consistent flow to ensure a
representative sample of the process. However, excessively high flow velocities
(above 2-3 meters per second) can cause a "streaming potential" error and
accelerate the depletion of the reference electrolyte. Conversely, stagnant areas
should be avoided as they lead to sediment buildup and slow response.

| Cable Management

The sighal generated by a pH electrode is a high-impedance mV signal, which is
extremely sensitive to electromagnetic interference (EMI). Use shielded cables and
keep them as short as possible. If the distance between the sensor and the
transmitter exceeds 15 meters (50 feet), a pre-amplifier should be used at the
sensor head or a digital (Memosens or similar) protocol should be employed.

| Common Risks and Maintenance Requirements

In line pH measurement is not a "fit and forget" technology. Because the sensors
are sacrificial components, they require regular attention.
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Fouling and Coating: In wastewater or oil-in-water applications, the glass
membrane can become coated, insulating it from the process. Automated cleaning
systems (using water jets or chemical solvents) can mitigate this risk.

Reference Poisoning: lons from the process (such as sulfides or heavy metals) can
migrate into the reference junction and react with the silver ions, causing the
junction to clog or the potential to shift.

Dehydration: If a line is drained and the sensor is left dry, the hydrated gel layer on
the glass bulb will dehydrate, leading to sluggish response or permanent damage.
Sensors in intermittent lines should be installed in a "U-trap" to keep the bulb
submerged.

| Calibration Protocols

Regular calibration using certified buffer solutions (typically pH 4.0, 7.0, and 10.0)
is mandatory. In most industrial settings, a two-point calibration is performed
weekly or monthly, depending on the required precision and the harshness of the
process.

| Integration with Level Measurement Systems

In many industrial applications, pH control and level management are inextricably
linked. For example, in a chemical neutralization tank, an ultrasonic or radar level
meter (details of which can be found on the Main Page) monitors the volume of the
tank to prevent overflows, while the in line pH sensor controls the dosing pumps
for acid or caustic reagents.

When designing these systems, engineers must ensure that the turbulence caused
by chemical injection does not interfere with the level sensor's signal.
Furthermore, the pH sensor should be located downstream of the injection point
and a mixing stage to ensure the measurement reflects the true state of the
neutralized liquid.
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| Frequently Asked Questions (FAQ)

Q: How long does an in line pH sensor typically last?

A: In clean water applications, a sensor may last 12 to 24 months. In harsh
chemical processes or high-temperature environments, the lifespan may be as
short as 3 to 6 months.

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

A: pH is defined as the activity of hydrogen ions in an aqueous (water-based)
solution. While measurements can be taken in some polar solvents (like alcohols),
they do not follow the standard pH scale, and specialized electrodes are required.

Q: What is the difference between an in line pH sensor and a lab sensor?

A: Industrial in line sensors are built with ruggedized bodies, specialized junctions
to handle pressure, and integrated temperature compensation. Lab sensors are
typically made of fragile glass and are not designed to withstand process pressures
or continuous flow.

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

A: This is often caused by a clogged reference junction or ground loop
interference. Ensure the junction is clean and that the process piping is properly
grounded to prevent stray currents from affecting the mV signal.

| Conclusion

Implementing an effective in line pH monitoring system requires a balance
between chemical precision and mechanical durability. By understanding the
electrochemical principles at play and selecting sensors that match the specific
pressures, temperatures, and chemical profiles of the process, operators can
achieve reliable control. When combined with accurate level measurement and
robust automation, in line pH sensing becomes a cornerstone of modern industrial
process safety and efficiency.
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