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Conductivity Sensors

A practical guide to conductivity sensors, covering the reader intent, the
relationship to conductivity sensors, 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 properties is as critical as
the measurement of volume or level. Conductivity sensors serve as the primary
tool for determining a solution's ability to conduct an electrical current. This
physical property is a direct indicator of the concentration of dissolved ions, such
as salts, acids, or bases, within a liquid. Whether monitoring the purity of boiler
feed water or controlling the concentration of chemicals in a CIP (Clean-in-Place)
system, understanding the principles and selection criteria for conductivity sensors
is essential for operational efficiency.

While many facilities focus on level measurement through technologies found on
the Main Page, conductivity measurement provides the analytical data necessary
to ensure product quality and equipment longevity. This guide explores the
technical foundations of conductivity sensing, the various sensor architectures
available, and the practical considerations for industrial implementation.

| Measurement Principles of Conductivity

Conductivity is the reciprocal of electrical resistivity. In a liquid, electricity is
carried by ions. Therefore, as the concentration of dissolved ionic species
increases, the conductivity of the liquid also increases. The standard unit of
measurement is Siemens per meter (S/m), though in most industrial applications, it
is expressed as microsiemens per centimeter (uS/cm) or millisiemens per
centimeter (mS/cm).

| Ohm’s Law in Liquids
Conductivity measurement is based on Ohm’s Law ($V = | \times R$), where $V$ is
voltage, $I$ is current, and $R$ is resistance. By applying a known voltage across

electrodes and measuring the resulting current, the resistance of the liquid can be
determined. The conductance ($G$) is then calculated as $1/R$.
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| The Cell Constant ($K$)

To provide a standardized measurement regardless of the sensor's physical size,
manufacturers use the "Cell Constant” ($K$). The cell constant is the ratio of the
distance ($L$) between the electrodes to the cross-sectional area ($A$) of the
electrodes ($K = L/A%).

Low Cell Constants (e.g., $K=0.01% or $0.1%$): Used for low-conductivity liquids like
ultrapure water, where the electrodes are placed close together or have a large
surface area.

High Cell Constants (e.g., $K=1.0% or $10$%): Used for high-conductivity liquids like
seawater or concentrated chemicals, where the electrodes are spaced further
apart to prevent current saturation.

| Types of Conductivity Sensors

There are two primary methods for measuring conductivity in industrial
environments: Contacting (Electrode-based) and Inductive (Toroidal).

| 1. Contacting Conductivity Sensors

Contacting sensors utilize electrodes that come into direct physical contact with
the process fluid. They are further divided into two-electrode and four-electrode
configurations.

Two-Electrode Sensors: These are the most common for high-purity water
applications. They consist of two metallic surfaces (usually stainless steel,
titanium, or graphite). While highly accurate in low-conductivity ranges, they are
susceptible to "polarization error" and fouling in high-conductivity or dirty liquids.

Four-Electrode Sensors: These use two drive electrodes to create a current and
two sensing electrodes to measure the voltage drop. This design compensates for
electrode fouling and polarization, making them suitable for a wider range of
conductivities, from wastewater to chemical processing.
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|2. Inductive (Toroidal) Conductivity Sensors

Inductive sensors, often called electrodeless or toroidal sensors, do not have
electrodes in contact with the liquid. Instead, they use two wire-wound metal
toroids (coils) encased in a plastic or ceramic housing (often PEEK or PFA).

One coil acts as a transmitter, creating an alternating magnetic field that induces
an ionic current in the liquid loop passing through the center of the toroid. The
second coil acts as a receiver, measuring the strength of this induced current.
Because there are no metal surfaces to corrode or foul, inductive sensors are the
preferred choice for highly corrosive acids, bases, and slurries.

| Selection Table: Choosing the Right Technology

2-Electrode 4-Electrode Inductive
Contacting Contacting (Toroidal)

Ideal Range 0.05 pS/cm to 200 10 uS/cm to 1,000 100 pS/cm to 2,000
pS/cm mS/cm mS/cm

Accuracy Highest (in low High Moderate
range)

Fouling Resistance Poor Good Excellent

Chemical Resistance Limited by electrode Limited by electrode High (PEEK/PFA

metal metal bodies)
Common Ultrapure water, Wastewater, process Acids, brine, slurries
Applications condensate water

| Critical Selection Criteria

When specifying conductivity sensors for an industrial project, several
environmental and chemical factors must be evaluated to ensure long-term
reliability.
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|Temperature Compensation

Conductivity is highly temperature-dependent. Most aqueous solutions increase in
conductivity by approximately 2% for every $1”~{\circ}C$ increase in temperature.
To provide meaningful data, sensors must include an internal temperature element
(such as a Pt100 or Pt1000 RTD) to normalize the reading to a reference
temperature, typically $25™ {\circ}C$. Advanced transmitters allow for linear or
non-linear compensation curves depending on the specific chemical being
measured.

| Material Compatibility

The sensor body and electrodes must withstand the chemical nature of the
process.

316L Stainless Steel: Standard for water and non-corrosive liquids.
Titanium: Used for seawater and mildly corrosive environments.
Graphite: Common in general-purpose wastewater sensors.

PEEK/PFA: Essential for inductive sensors used in aggressive chemical baths.

| Pressure and Temperature Ratings

Industrial processes often operate under high pressure or temperature. Contacting
sensors are generally rated for higher pressures (up to 17-20 bar or ~250-300 psi)
compared to plastic-bodied inductive sensors. Always verify that the sensor's
mounting (NPT threads, flange, or sanitary tri-clamp) matches the vessel's
requirements.

| Installation Considerations

Proper installation is vital to prevent measurement errors caused by air bubbles,
sediment, or electrical interference.

Welk Reference Guide 5



WELK REFERENCE GUIDE Conductivity Sensors

1. Flow Direction and Orientation: Sensors should be installed where they are
always fully submerged. In pipe installations, the sensor should ideally be placed in
a vertical upward flow or on the side of a horizontal pipe to prevent air pockets
from gathering at the top or sediment from settling at the bottom.

2. Avoidance of Bubbles: Air is a non-conductor. If bubbles accumulate on the
electrode surface or inside the toroid of an inductive sensor, the reading will be
erroneously low.

3. Cable Management: Conductivity signhals, especially from high-impedance
contacting sensors, are sensitive to electromagnetic interference (EMI). Use
shielded cables and keep them away from high-voltage power lines or variable
frequency drives (VFDs).

4. Submergence Depth: Ensure the sensor is deep enough in the tank or pipe to
avoid "wall effects." For inductive sensors, a minimum clearance (often 2-5 cm)
from the pipe wall is required to prevent the magnetic field from being distorted by
the wall material.

| Common Risks and Limitations

Polarization: In 2-electrode sensors, ions can build up near the electrode surface at
high conductivities, creating a "barrier" that increases resistance and lowers the
measured conductivity. This is why 2-electrode sensors are restricted to
low-conductivity applications.

Fouling and Scaling: Oils, greases, and mineral scales can coat electrodes. While
4-electrode and inductive sensors mitigate this, heavy buildup will eventually
require manual cleaning or the use of automated sensor cleaning systems.

Non-Specific Measurement: Conductivity is a "bulk" measurement. It tells you that
ions are present, but it cannot distinguish between different types of ions. For
example, a conductivity sensor cannot tell the difference between sodium chloride
and potassium chloride in a solution; it only measures the total ionic activity.

| Frequently Asked Questions (FAQ)

Q: How often should conductivity sensors be calibrated?
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A: Calibration frequency depends on the application. In ultrapure water, sensors
may remain stable for months. In wastewater or chemical processing, monthly or
even weekly verification against a standard solution is recommended. Inductive
sensors generally require less frequent calibration than contacting types.

Q: Can | use a conductivity sensor to measure the level of a tank?

A: Yes, conductivity switches are a common form of point level detection. When
the liquid reaches the probe, the circuit is completed, signaling that the level has
reached a specific height. However, for continuous level monitoring, technologies
like those found on the Main Page are more appropriate.

Q: What is the difference between TDS and Conductivity?

A: Total Dissolved Solids (TDS) is a measure of the mass of dissolved material.
Conductivity is an electrical measurement. Most instruments convert conductivity
to TDS using a conversion factor (typically between 0.5 and 0.7), but this is an
estimate based on the assumed composition of the salts.

| Conclusion and Next Steps

Conductivity sensors are indispensable for maintaining process quality and
protecting industrial infrastructure. When selecting a sensor, engineers must
prioritize the expected conductivity range, the presence of corrosive chemicals,
and the potential for fouling.

Before finalizing a specification, project teams should confirm:

1. The maximum and minimum expected conductivity values.

2. The chemical composition and temperature of the process fluid.

3. The physical installation constraints (pipe size, tank depth, and mounting type).

4. The required integration with existing control systems (e.g., 4-20mA, Modbus, or
HART).

By matching the sensor technology to the specific environmental demands,
facilities can ensure accurate data and minimize the total cost of ownership.
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