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Conductivity transmitters are essential instruments in industrial process control,
used to measure the ability of a liquid to conduct an electric current. This
measurement serves as a critical proxy for the concentration of dissolved ions,
such as salts, acids, or bases, within a solution. In sectors ranging from municipal
water treatment to complex chemical manufacturing, conductivity data allows
engineers to monitor water purity, manage chemical dosing, and detect leaks in
heat exchangers.

While often categorized alongside pH or dissolved oxygen sensors, conductivity
transmitters require a specific understanding of electrolytic behavior and sensor
geometry to ensure long-term accuracy. This guide provides a detailed technical
overview of conductivity measurement principles, sensor types, and the practical
considerations necessary for selecting and installing these devices in industrial
environments.

| Understanding Conductivity Measurement Principles

Electrolytic conductivity is the measure of how easily an electrical current can flow
through a liquid. In metallic conductors, current is carried by electrons; however, in
liquids, current is carried by ions. The conductivity of a solution is directly
proportional to the concentration of these ions, their charge, and their mobility.

| The Basic Physics

The fundamental unit of conductivity is the Siemen (S), formerly known as the
mho. In industrial applications, measurements are typically expressed in
Microsiemens per centimeter (uS/cm) or Millisiemens per centimeter (mS/cm). The
resistance (R) of a solution is determined by Ohm’s Law ($V = | \times R$), and
conductivity ($G$%$) is the reciprocal of resistance ($G = 1/R$).

To standardize the measurement regardless of the sensor's physical size, the "Cell
Constant” ($K$) is used. The cell constant is the ratio of the distance ($L$) between
the electrodes to the cross-sectional area ($A$) of the liquid between them ($K =
L/A$). The transmitter multiplies the measured conductance by the cell constant to
provide the final conductivity value.
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|Temperature Compensation

One of the most critical aspects of conductivity measurement is temperature. As
the temperature of a liquid increases, the viscosity decreases and ionic mobility
increases, leading to higher conductivity even if the concentration remains the
same. Most aqueous solutions exhibit a conductivity increase of approximately
1.5% to 3% per degree Celsius.

Modern conductivity transmitters utilize integrated temperature sensors (typically
Pt100 or Pt1000 RTDs) to perform automatic temperature compensation. They
normalize the reading to a reference temperature, usually 25°C (77°F), allowing
for consistent process monitoring across varying thermal conditions.

| Types of Conductivity Transmitters and Sensors

There are two primary methods for measuring conductivity: contacting and
inductive (toroidal). Each has distinct advantages depending on the chemical
nature and conductivity range of the process fluid.

| 1. Contacting Conductivity Sensors

Contacting sensors utilize electrodes that come into direct physical contact with
the process liquid. They are generally categorized by the number of electrodes
used:

Two-Pole Sensors: These consist of two electrodes (usually stainless steel,
graphite, or titanium) placed a fixed distance apart. They are highly accurate for
low-conductivity applications, such as ultrapure water or boiler condensate.

Four-Pole Sensors: These use four electrodes to mitigate the effects of polarization
and electrode fouling. Two electrodes drive the current, while the other two
measure the voltage drop. This design is more robust for medium-to-high
conductivity ranges and is less sensitive to scale buildup.

Welk Reference Guide 3



WELK REFERENCE GUIDE Conductivity Transmitters

|2. Inductive (Toroidal) Conductivity Sensors

Inductive sensors, often called toroidal sensors, do not use electrodes. Instead,
they contain two wire-wound coils (tori) encased in a non-conductive plastic
housing (such as PEEK or PFA). One coil acts as a transmitter, inducing an
alternating current in the liquid loop passing through the center of the sensor. The
second coil acts as a receiver, measuring the strength of the induced current,
which is proportional to the liquid's conductivity.

Because there are no metal electrodes to corrode or foul, inductive transmitters
are the preferred choice for aggressive chemicals, high-salinity brines, and
wastewater applications where solids might coat a traditional sensor.

| Key Selection Criteria for Industrial Applications

Selecting the right conductivity transmitter requires a balance between the
required measurement range and the physical properties of the process medium.
Use the following table as a general reference for sensor technology selection:
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Application Preferred Typical Cell Reason

Requirement Technology Constant (K)

Ultrapure Water Contacting (2-pole) 0.01to 0.1 High sensitivity
required for low ion
counts.

Potable/Drinking Contacting (2-pole) 0.1to 1.0 Standard range, low

Water risk of fouling.

Cooling Tower Water Contacting (4-pole) 1.0 Handles moderate
scaling and chemical
additives.

Concentrated Inductive (Toroidal) N/A High chemical

Acids/Bases resistance; no

electrode corrosion.

Wastewater/Slurries Inductive (Toroidal) N/A Resistant to coating
and physical
abrasion.

CIP (Clean-in-Place) Inductive (Toroidal) N/A Withstands rapid
temperature swings
and harsh
detergents.

| Material Compatibility

For contacting sensors, the electrode material must be chemically compatible with
the process. Stainless steel 316L is standard, but titanium or Monel may be
required for seawater or acidic environments. For inductive sensors, the outer
casing material (e.g., Polypropylene, PVDF, or PEEK) must be chosen based on the
maximum process temperature and chemical concentration.

| Pressure and Temperature Ratings

Standard industrial sensors are typically rated for pressures up to 10 bar (145 psi)
and temperatures up to 100°C (212°F). However, high-pressure steam applications
or aggressive chemical reactors may require specialized sensors rated for 20 bar
(290 psi) or higher. Always verify that the transmitter electronics can be mounted
remotely if the process temperature exceeds the local display's operating limits.
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| Installation Guidelines and Best Practices

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

1. Full Immersion: The sensor must be completely submerged in the liquid at all
times. In partially filled pipes, conductivity readings will be erroneously low. For
this reason, sensors should be installed in vertical pipe sections with upward flow
or in the bottom of a horizontal pipe.

2. Avoid Air Bubbles: Air is non-conductive. If bubbles accumulate on the electrode
surface or inside the toroidal bore, the measured conductivity will drop. Avoid
installing sensors immediately downstream of pumps or valves where cavitation
may occur.

3. Pipe Clearance: Inductive sensors require a minimum clearance from pipe walls
(typically 20 mm to 50 mm / 0.8" to 2.0") to prevent the pipe material from
interfering with the magnetic field. If installing in small-diameter pipes, use a
dedicated flow cell.

4. Cable Management: Conductivity signals, especially in low-range applications,
are high-impedance and susceptible to electromagnetic interference (EMI). Use
shielded cables and keep them away from high-voltage power lines or variable
frequency drives (VFDs).

5. Grounding: Ensure the process piping is properly grounded. Stray currents in the
liquid can introduce noise into the transmitter, leading to unstable readings.

| Maintenance, Calibration, and Troubleshooting

While conductivity transmitters are generally lower maintenance than pH probes,
they still require periodic verification to ensure accuracy.

| Calibration Procedures

Calibration is typically performed using standard solutions with a known
conductivity (e.g., 1413 puS/cm).
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Dry Calibration: For inductive sensors, a "zero" calibration is performed in air to
ensure the transmitter reads zero when no liquid is present.

Wet Calibration: The sensor is immersed in a calibration standard. It is crucial to
allow the temperature to stabilize before adjusting the transmitter, as the
temperature compensation algorithm relies on an accurate RTD reading.

| Cleaning Protocols

Fouling is the most common cause of drift.

For contacting sensors, oils or scales can be removed using a mild detergent or a
5% hydrochloric acid solution, followed by a thorough rinse with deionized water.
Avoid abrasive materials that could change the surface area of the electrodes.

For inductive sensors, the center bore must remain clear. Since there are no
electrodes, cleaning is simpler and can often be done with a soft brush.

| Common Troubleshooting Steps

Unstable Readings: Often caused by air bubbles or poor grounding. Check the flow
orientation and the shielding of the signal cable.

Readings Always Low: Likely due to electrode coating or the sensor not being fully
submerged.

Readings Always High: May indicate a short circuit in the cable or significant
polarization in a 2-pole sensor used in a high-conductivity liquid.

Integration with Level Measurement and Process
Control

In many industrial setups, conductivity transmitters work in tandem with level
measurement systems to provide a complete picture of tank or vessel status. For
instance, in chemical storage, a radar level meter monitors the volume, while a
conductivity transmitter ensures the concentration of the stored chemical remains
within specification.
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Furthermore, the principle of conductivity is often used for point-level detection.
Conductive level switches utilize the liquid's conductivity to bridge the gap
between two electrodes, sighaling when a tank has reached a high or low limit. For
comprehensive process automation, engineers often Review product options and
application support on the Main Page to find compatible level and analytical
instruments that can be integrated into a single control loop via 4-20mA, HART, or
Modbus protocols.

| Frequently Asked Questions (FAQs)

Q: How often should | calibrate my conductivity transmitter?

A: This depends on the application. For clean water, once every six months is
usually sufficient. In fouling environments like wastewater, monthly verification is
recommended.

Q: Can | use a contacting sensor for seawater?

A: While possible, a 4-pole contacting sensor or an inductive sensor is preferred.
Standard 2-pole sensors will suffer from polarization at high salinity, leading to
inaccurate results.

Q: What is the difference between TDS and Conductivity?

A: Total Dissolved Solids (TDS) is a measure of the mass of dissolved material.
Conductivity transmitters often have a "TDS factor"” (typically 0.5 to 0.7) that
multiplies the conductivity reading to estimate TDS in mg/L or ppm.

Q: Does the flow rate affect the conductivity reading?

A: Generally, no. Conductivity is an intrinsic property of the fluid. However, flow is
necessary to ensure the sensor sees a representative sample of the process and to
prevent the accumulation of bubbles or debris.

| Limitations of Conductivity Measurement

While highly effective, conductivity transmitters have specific limitations:
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Non-Selective Measurement: Conductivity measures the total ionic content. It
cannot distinguish between different types of ions (e.qg., it cannot tell the difference
between sodium chloride and potassium chloride in the same solution).

Non-lonic Contaminants: Substances like sugar, oils, or alcohols do not ionize in
water and therefore cannot be detected by conductivity transmitters.

Extreme Concentration: At very high concentrations, the relationship between
conductivity and concentration can become non-linear or even inverse (a
phenomenon known as the "peak" in certain acids), requiring advanced transmitter
algorithms for accurate scaling.

By understanding these technical boundaries and selecting the appropriate sensor
geometry, industrial operators can maintain precise control over their liquid
processes, ensuring both product quality and equipment longevity.
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