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A practical guide to ph instruments, covering the reader intent, the relationship to
ph instruments, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.
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In industrial process control, the measurement of liquid acidity or alkalinity is as
fundamental as monitoring pressure, temperature, or liquid level. For engineers
and facility managers operating in water treatment, chemical processing, and the
oil and gas sectors, ph instruments are essential tools for ensuring product quality,
protecting infrastructure from corrosion, and meeting environmental discharge
regulations. While level measurement technologies—such as those provided on the
Welk Main Page—determine the quantity of a medium, pH instrumentation
provides critical data regarding its chemical state.

This guide explores the technical principles of pH measurement, selection criteria
for industrial sensors, and the practical considerations for integrating these
instruments into automated process loops.

|Understanding PH Measurement Principles

The term pH stands for "potential of Hydrogen," representing the concentration of
hydrogen ions in a solution. The scale ranges from 0 to 14, where 7 is neutral,
values below 7 are acidic, and values above 7 are alkaline (basic). Because the
scale is logarithmic, a change of one pH unit represents a tenfold change in
hydrogen ion concentration.

| The Potentiometric Method

Most industrial ph instruments utilize the potentiometric measurement principle.
This involves measuring the voltage difference (electromotive force) between two
electrodes immersed in the solution: a glass-sensing electrode and a reference
electrode.

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

2. The Reference Electrode: To measure the potential of the sensing electrode, a
stable reference point is required. The reference electrode provides a constant
potential, typically using a silver/silver chloride (Ag/AgCl) system housed in a
potassium chloride (KCl) electrolyte.
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3. The Nernst Equation: The relationship between the measured voltage and the
pH value is defined by the Nernst Equation. At 25°C, a change of one pH unit
ideally corresponds to a change of 59.16 mV. As temperature fluctuates, this
"slope" changes, necessitating temperature compensation in modern transmitters.

| Key Components of Industrial pH Instruments

An industrial pH measurement system generally consists of three primary
components: the sensor (electrode), the transmitter (analyzer), and the mounting
hardware.

| 1. The pH Sensor (Electrode)

Modern industrial applications often use "combination electrodes," where both the
sensing and reference elements are housed in a single body. Key features to
consider include:

Junction Type: The point where the internal electrolyte meets the process liquid.
Common materials include ceramic, Teflon (PTFE), or open junctions for
high-viscosity media.

Electrolyte Type: Can be liquid (refillable), gel (low maintenance), or solid-state
(polymer).

Glass Formulation: Different glass types are used for high temperatures, low
temperatures, or resistance to hydrofluoric acid.

| 2. The Transmitter/Analyzer

The transmitter receives the high-impedance mV signal from the sensor and
converts it into a standardized industrial output, such as 4-20mA, HART, or Modbus
RS485. High-quality transmitters offer automatic temperature compensation (ATC)
and diagnostic features that monitor the health of the electrode (glass impedance
and reference impedance).
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| 3. Mounting Assemblies

Unlike level sensors that often sit atop a tank, ph instruments must be in direct
contact with the liquid. Mounting options include:

Immersion Probes: For open tanks or basins.
Flow-through Cells: For bypass lines.

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

| Selection Criteria for Process pH Sensors

Choosing the right ph instruments requires an analysis of the process environment.
Using a standard laboratory sensor in an industrial setting often leads to rapid
failure.

| Selection Table: Sensor Junctions and Applications

Porous Ceramic General water Stable, standard Prone to clogging in
treatment, clean response oils or slurries
liquids

Teflon (PTFE) Chemical processing, Highly resistant to Slightly slower
wastewater fouling and response time

chemicals

Open Junction Slurries, high-solid Cannot clog; direct Faster depletion of
content, paints contact with media electrolyte

Double Junction Solutions with heavy Prevents poisoning Higher initial cost
metals or sulfides of the reference

element

Welk Reference Guide 4



WELK REFERENCE GUIDE Ph Instruments

| Temperature and Pressure Considerations

pH measurement is highly temperature-dependent. As temperature increases,
chemical activity increases, and the electrode's sensitivity changes. Ensure the
selected instrument is rated for the maximum process temperature (often up to
130°C for sterilization) and pressure (standard sensors often handle up to 6-10
bar).

| Integration with Level Measurement Systems

In many industrial setups, such as chemical dosing tanks or neutralization basins,
pH and level measurement are used in tandem. For example, in a wastewater
neutralization tank, an ultrasonic or radar level meter (details of which can be
found on the Main Page) monitors the volume of the effluent. Simultaneously, ph
instruments monitor the acidity.

When the level reaches a certain setpoint, the PLC (Programmable Logic
Controller) initiates the dosing of a neutralizing agent (acid or base). The pH
transmitter provides the feedback loop, telling the dosing pump when to slow down
or stop as the target pH is achieved. This synergy ensures that the tank never
overflows while maintaining the chemical parameters required for safe discharge.

| Installation and Mounting Guidelines

Proper installation is critical for the longevity and accuracy of ph instruments.
Follow these engineering best practices:

1. Orientation: pH electrodes should never be installed horizontally or upside down.
They must be mounted at an angle of at least 15° above the horizontal to ensure
the internal buffer solution stays in contact with the glass membrane and to
prevent air bubbles from being trapped at the sensor tip.

2. Submersion Depth: Ensure the sensor is always submerged, even at low tank
levels. If a sensor dries out, the hydrated gel layer on the glass membrane will
dehydrate, leading to sluggish response or permanent damage.

Welk Reference Guide 5



WELK REFERENCE GUIDE Ph Instruments

3. Cable Management: The signal from a pH sensor is extremely weak (high
impedance). Use high-quality shielded cables and avoid running them near
high-voltage power lines or variable frequency drives (VFDs) to prevent
electromagnetic interference.

4. Flow Velocity: In pipeline installations, the flow velocity should be sufficient to
keep the sensor clean but not so high that it causes cavitation or physical abrasion
of the glass membrane. A velocity of 0.5 to 2 m/s is generally ideal.

| Maintenance, Calibration, and Troubleshooting

Unlike many level meters that are "set and forget," ph instruments require regular
maintenance because the sensors are consumable items that age over time.

| Calibration Procedures

Calibration should be performed using at least two buffer solutions (typically pH
4.0, 7.0, or 10.0) that bracket the expected process value.

Zero Point (Offset): Usually performed at pH 7.0. This accounts for deviations in the
reference electrode.

Slope: Performed at a second pH value. This measures the efficiency of the glass
membrane. A slope below 85% of the theoretical Nernst value usually indicates the
sensor needs cleaning or replacement.

| Cleaning Protocols

If the response becomes sluggish, the sensor may be fouled.
Grease/Oils: Clean with a mild detergent or isopropyl alcohol.
Mineral Scales: Briefly soak in a 5% hydrochloric acid (HCI) solution.

Protein Deposits: Use an acidic pepsin solution.

Welk Reference Guide 6



WELK REFERENCE GUIDE Ph Instruments

| Common Limitations

Glass Fragility: The sensing membrane is thin glass and can be broken by large
solids or high-pressure surges.

Chemical Poisoning: Certain chemicals, like cyanides or sulfides, can react with the
silver ions in the reference junction, "poisoning" the sensor and causing massive
drift.

Conductivity Limits: pH measurement requires a conductive medium. In ultra-pure
water (low conductivity), readings can become unstable due to the lack of ion
exchange.

|Frequent|y Asked Questions (FAQs)

Q: How long does a typical industrial pH sensor last?

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

Q: Can | use a pH sensor to measure the concentration of an acid?

A: Only indirectly. pH measures the activity of hydrogen ions, not the total acidity
or concentration. For specific concentrations (e.g., 98% Sulfuric Acid), conductivity
or refractive index sensors are often more appropriate.

Q: Why does my pH reading drift after calibration?

A: Drift is often caused by a clogged reference junction, temperature fluctuations
that haven't been compensated for, or a depleted electrolyte. It can also occur if
the process liquid has a very low conductivity.

Q: Is it possible to measure pH without a reference electrode?

A: No. Potentiometric pH measurement always requires a reference point to
complete the electrical circuit and provide a stable comparison for the sensing
electrode's potential.
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| Conclusion

Selecting and maintaining the right ph instruments is a cornerstone of effective
process engineering. By understanding the electrochemical principles at play and
selecting sensors based on specific junction types and process conditions,
operators can ensure reliable data and long-term stability. When integrated with
robust level measurement solutions—such as the radar and ultrasonic technologies
featured on the Welk Main Page—pH instrumentation allows for comprehensive
control over complex industrial fluid systems.
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