Ph-sensor

A practical guide to ph-sensor, covering the reader intent, the relationship to

ph-sensor, 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
critical as monitoring volume or pressure. A ph-sensor is an electrochemical device
designed to measure the hydrogen-ion activity in aqueous solutions, indicating its
degree of acidity or alkalinity on the pH scale from 0 to 14. For industries ranging
from wastewater treatment to chemical manufacturing, the ph-sensor serves as a
primary tool for ensuring product quality, protecting expensive equipment from
corrosion, and meeting environmental discharge regulations.

While level measurement instruments—such as those found on the Main Page of
industrial instrumentation providers—manage the physical quantity of fluids, the
ph-sensor manages the chemical state. Understanding the intersection of these
technologies is vital for comprehensive process automation.

| Measurement Principles of the Ph-sensor

The operation of a modern industrial ph-sensor is based on the potentiometric
principle. This method measures the electrical potential difference between two
electrodes submerged in a solution. Most industrial sensors are "combination
electrodes," where both the sensing and reference elements are housed within a
single body.

| The Glass Electrode

At the heart of the ph-sensor is a specialized glass bulb. This glass is manufactured
from a specific composition that allows hydrogen ions ($H”™+$) in the solution to
exchange with the ions in the hydrated layer of the glass membrane. This
exchange creates a millivolt (mV) potential that is proportional to the
concentration of hydrogen ions in the liquid.
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| The Reference Electrode

To measure the potential generated by the glass electrode, a stable reference
point is required. The reference electrode typically consists of a
silver/silver-chloride (Ag/AgCl) wire immersed in a concentrated potassium chloride
(KCI) electrolyte. This electrolyte slowly leaches into the process liquid through a
porous junction, completing the electrical circuit while maintaining a constant
potential that is independent of the solution's pH.

| The Nernst Equation

The relationship between the measured voltage and the pH value is defined by the
Nernst Equation. In ideal conditions at 25°C, a change of one pH unit corresponds
to a change of 59.16 mV. However, because this relationship is
temperature-dependent, most industrial ph-sensor units include an integrated
temperature element (such as a Pt100 or Pt1000) to provide Automatic
Temperature Compensation (ATC).

| Key Components and Materials

Selecting the right ph-sensor requires an understanding of its construction
materials, as these must withstand the chemical and physical stresses of the
process environment.

1. Sensing Membrane: Standard glass is used for general water applications, while
"high-alkali" glass is used for processes with high sodium concentrations to
prevent "sodium error."

2. Reference Junction: This is the interface between the internal electrolyte and the
process liquid. Common materials include porous ceramic, Teflon (PTFE), or wood.
In applications with heavy solids or oils, an "open junction" or a "flat surface"
design may be used to prevent clogging.

3. Housing Body: Industrial sensors are often encased in Ryton (PPS), PVDF, or
stainless steel to provide mechanical protection and chemical resistance.
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4. Electrolyte: While most sensors use a liquid or gel-filled KCl electrolyte, some
specialized sensors use a solid polymer electrolyte to eliminate the need for
pressurization in high-pressure lines.

| Industrial Selection Criteria

Choosing a ph-sensor is not a "one-size-fits-all" process. Engineers must evaluate
the specific conditions of the installation site to ensure longevity and accuracy.

| Chemical Compatibility

The sensor body and junction must be resistant to the chemicals in the process.
For example, hydrofluoric acid (HF) will quickly dissolve standard glass bulbs,
requiring a specialized HF-resistant glass. Similarly, strong oxidants may degrade
certain plastic housings.

| Temperature and Pressure

Standard laboratory sensors are rated for ambient conditions, but industrial
versions must often operate at temperatures exceeding 100°C and pressures up to
10 bar (approx. 145 psi). High temperatures accelerate the aging of the glass
membrane and the depletion of the reference electrolyte.

| Flow Velocity and Mounting

In pipe-mounted applications, high flow velocities can cause a "streaming
potential," leading to unstable readings. Conversely, in stagnant tanks, the sensor
may become coated with biofilm or sediment. The mounting angle is also critical;
most ph-sensors must be installed at an angle of at least 15° above the horizontal
to ensure that the internal air bubble does not settle in the glass bulb, which would
break the electrical contact.

| Practical Selection Table
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Application Type Recommended Membrane Shape Housing Material
Junction

General Water Porous Ceramic Spherical Polycarbonate/ABS
Treatment

Wastewater with PTFE (Teflon) Flat Surface Ryton (PPS)

Solids

High-Temperature Double Junction Hemispherical PVDF

Chemical

Pure Water (Low lon) Refillable Liquid Spherical Stainless Steel
Food & Beverage Ceramic/Open Smooth Glass 316L Stainless Steel

| Installation and Calibration Guidance

Proper installation is the primary factor in reducing maintenance costs for a
ph-sensor.

| Installation Considerations

Submersion Depth: Ensure the sensor is deep enough to remain in contact with the
liquid even at minimum tank levels. This is where coordination with level
measurement data from the Main Page becomes essential for automated control.

Grounding: Electrical noise from pumps or motors can interfere with the
high-impedance signal of a pH electrode. Using a solution ground (a metal pin in
the sensor body) helps stabilize the signal.

Cable Length: pH signals are very weak. If the distance between the sensor and
the transmitter exceeds 15 meters, a pre-amplifier should be used to convert the
high-impedance signal to a low-impedance signal.

| Calibration Procedures

Calibration should be performed using at least two buffer solutions (typically pH
4.0, 7.0, or 10.0).
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1. Zero Point Calibration: Usually performed at pH 7.0, where the sensor should
ideally output 0 mV.

2. Slope Calibration: Performed at a second pH value (e.g., pH 4.0). This
determines the efficiency of the sensor. A new sensor should have a slope
between 95% and 102%.

| Limitations and Maintenance

Unlike a radar level meter or an ultrasonic sensor, a ph-sensor is a consumable
item with a finite lifespan.

Aging: Even in clean water, the glass membrane slowly loses its sensitivity over 12
to 24 months.

Fouling: Oils, fats, and mineral scales can coat the glass bulb, slowing the response
time. Regular cleaning with mild detergents or dilute acids is necessary.

Poisoning: Certain ions, such as cyanide, bromide, or sulfide, can react with the
silver ions in the reference electrode, "poisoning" the junction and causing
permanent failure.

Storage: A ph-sensor must never be stored dry. If the glass membrane dries out, it
loses its hydrated layer and will provide erratic readings. Sensors should be stored
in a 3M or 4M KCI solution.

| Integration with Level Measurement Systems

In many B2B industrial environments, pH control and level control are two halves
of the same system. For instance, in a neutralization tank, a level transmitter (such
as a hydrostatic or ultrasonic sensor) ensures the tank does not overflow while the
ph-sensor controls the dosing pumps that add acid or caustic.
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Advanced automation platforms often integrate these inputs to calculate the
required dosage based on both the current pH deviation and the total volume of
liquid in the vessel. For organizations looking to optimize these integrated systems,
reviewing the full range of instrumentation on the Main Page can help in selecting
compatible sensors that share communication protocols like 4-20mA HART or
RS485 Modbus.

| Frequently Asked Questions (FAQ)

Q: How often should | calibrate my ph-sensor?

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

Q: Can | use a ph-sensor in hon-aqueous liquids like oil?

A: Standard ph-sensors require water to function because the measurement is
based on hydrogen ion activity. While specialized electrodes exist for non-aqueous
solvents, they often require different electrolyte configurations and frequent
maintenance.

Q: Why is my pH reading drifting?

A: Drift is often caused by a clogged reference junction or a depleted electrolyte. It
can also be caused by temperature fluctuations if the sensor does not have a
functioning ATC element.

Q: What is the difference between a pH electrode and a pH transmitter?

A: The electrode (or sensor) is the component in contact with the liquid that
generates a mV signal. The transmitter is the electronic unit that interprets that
signal, applies temperature compensation, and provides a digital or analog output
for the control system.

By following these engineering principles and selection guidelines, industrial
operators can ensure that their ph-sensor installations provide the reliability and
accuracy necessary for modern process automation.



