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In industrial liquid processing, monitoring the electrical properties of a fluid is as
critical as measuring its physical volume or level. An in line conductivity meter is a
precision instrument designed to measure the ability of a solution to conduct an
electrical current continuously within a process pipe or vessel. This measurement
serves as a direct proxy for the concentration of dissolved ions, making it an
indispensable tool for water treatment, chemical manufacturing, and food
processing.

Unlike laboratory-based sampling, an in line conductivity meter provides real-time
data, allowing for immediate automated adjustments in dosing, filtration, or
discharge. Understanding the underlying physics, sensor geometries, and
installation requirements is essential for engineers tasked with maintaining
process integrity.

| Measurement Principles of Conductivity

Conductivity is the reciprocal of electrical resistivity. In a liquid, current is carried
by dissolved ions (such as salts, acids, or bases). The more ions present, the higher
the conductivity. The standard unit of measurement is Siemens per meter (S/m),
though in industrial applications, it is more commonly expressed in microsiemens
per centimeter (uS/cm) or millisiemens per centimeter (mS/cm).

| The Cell Constant (K)

To derive a conductivity value, the meter must account for the geometry of the
sensor. The relationship is defined by the formula:

G=kx(A/L)

Where:

G is the conductance (measured in Siemens).

k is the conductivity (the value we want to find).
A is the surface area of the electrodes.

L is the distance between them.
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The ratio L/ A is known as the "Cell Constant" (K).

K = 0.1 cm~1: Used for high-purity water (low conductivity) where electrodes are
close together or have a large surface area.

K = 1.0 cm~*: Used for standard water and mid-range solutions.

K = 10.0 cm~1: Used for highly conductive liquids like concentrated brine or acids.

| Temperature Compensation

Conductivity is highly temperature-dependent. As the temperature of a liquid
increases, the viscosity typically decreases, and ionic mobility increases, leading to
a higher conductivity reading even if the chemical concentration remains
unchanged. Most industrial liquids exhibit a change of approximately 2% per
degree Celsius. Therefore, an in line conductivity meter must incorporate an
integral temperature sensor (typically a Pt100 or Pt1000 RTD) to provide
"Temperature Compensated" readings, usually referenced to 25°C.

| Types of In Line Conductivity Sensors

There are two primary technologies used for in-line measurement: contacting
(conductive) and inductive (toroidal).

| 1. Contacting Conductivity Sensors

In a contacting sensor, two or more electrodes are in direct physical contact with
the process liquid. An alternating voltage is applied between the electrodes, and
the resulting current is measured.

Two-Electrode Sensors: The simplest design, ideal for low-conductivity applications
like deionized water or boiler condensate. However, they are susceptible to
"polarization," where a layer of ions builds up at the electrode surface, causing
measurement errors at higher concentrations.
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Four-Electrode Sensors: These use two drive electrodes and two sensing
electrodes. This design eliminates the effects of polarization and cable resistance,
making them suitable for a wider range of conductivity values and more resistant
to light fouling.

|2. Inductive (Toroidal) Conductivity Sensors

Inductive sensors operate without any metal electrodes contacting the process
fluid. Instead, they use two wire-wound coils (toroids) encased in a plastic or
ceramic housing. One coil induces an electric current in the liquid, and the second
coil measures the strength of that current.

Because there are no electrodes to corrode or foul, inductive meters are the
preferred choice for high-conductivity liquids, slurries, and aggressive chemicals.
They are frequently used in Main Page applications involving heavy industrial
automation where maintenance access is limited.

|Selection Criteria for Industrial Applications

Choosing the right in line conductivity meter requires a detailed analysis of the
process environment. The following table provides a general comparison to assist
in the selection process.

Contacting Contacting Inductive
(2-Electrode) (4-Electrode) (Toroidal)
Measurement Range 0.01 pS/cm to 1,000 10 pS/cm to 100 100 uS/cm to 2,000
pS/cm mS/cm mS/cm
Sensitivity to Fouling High Moderate Very Low

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

metal metal
Primary Application Pure Water / Wastewater / Cooling = Acids / Bases /
Condensate Water Slurries
Maintenance Needs Frequent Cleaning Periodic Cleaning Minimal
Cost Lower Moderate Higher
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| Material Compatibility

For contacting sensors, the electrode material must be compatible with the
process fluid. Common materials include:

316L Stainless Steel: Standard for most water applications.
Titanium: Used for seawater or corrosive environments.
Graphite: Excellent for general-purpose industrial use.

For inductive sensors, the outer casing (wetted part) is typically made of PEEK
(Polyether ether ketone) for high temperatures and chemical resistance, or
Polypropylene (PP) for general water treatment.

| Installation Considerations

Proper installation is critical to ensure the accuracy and longevity of an in line
conductivity meter. Even the most precise sensor will fail if installed in a location
where air pockets or sediment can accumulate.

1. Full Pipe Flow: The sensor must be installed in a section of the pipe that is
always full of liquid. In horizontal pipes, the sensor should be mounted on the side
(3 o'clock or 9 o'clock position) to avoid air bubbles at the top and sediment at the
bottom.

2. Flow Direction: While conductivity is generally independent of flow velocity, the
sensor should be positioned so that the flow flushes the measurement cell. In
toroidal sensors, the "hole" of the toroid must be aligned with the flow direction.

3. Bypass Lines: For critical processes, installing the meter in a bypass line with
isolation valves allows for calibration and cleaning without shutting down the main
process.

4. Insertion Depth: Ensure the sensor is submerged deep enough into the flow
stream to avoid "wall effects," where the proximity of the pipe wall interferes with
the electric field (especially relevant for inductive sensors).
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5. Grounding: In systems with plastic piping, parasitic currents can interfere with
the measurement. Proper grounding of the liquid or the use of grounding rings may
be necessary.

| Applications in Process Industries

| Water and Wastewater Treatment

In municipal and industrial water treatment, conductivity is used to monitor the
efficiency of Reverse Osmosis (RO) membranes. A high conductivity reading on the
permeate side indicates a membrane breach. In wastewater, it helps detect illegal
chemical discharges or changes in the ionic load entering the treatment plant.

|Food and Beverage (CIP Systems)

Clean-in-Place (CIP) systems rely heavily on in line conductivity meters. During the
cleaning cycle, the meter detects the transition between the water rinse, the
caustic wash, and the acid wash. By accurately identifying these transitions, plants
can reduce water consumption and ensure that no cleaning chemicals remain in
the production lines.

| Chemical Processing

Conductivity is used to monitor the concentration of acids (like H2S04) and bases
(like NaOH) in real-time. Because the relationship between concentration and
conductivity is well-known for these chemicals, the meter acts as a concentration
analyzer, ensuring consistent product quality.

| Power Generation

In power plants, monitoring the conductivity of boiler feedwater and condensate is
vital to prevent scale formation and corrosion. Cation conductivity—where the
sample is passed through an ion exchange resin before measurement—is used to
detect trace levels of contaminants like chlorides and sulfates.
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| Limitations and Common Risks

While robust, in line conductivity meters are not without limitations:

Non-lonic Contaminants: Conductivity only measures dissolved ions. It cannot
detect non-polar contaminants like oils, sugars, or most organic solvents.

Scaling and Coating: In contacting sensors, a thin layer of scale or oil on the
electrode acts as an insulator, leading to falsely low readings. Regular cleaning is
required in these environments.

Polarization: As mentioned, 2-electrode sensors can become polarized at high
concentrations, leading to non-linear responses.

Temperature Lag: If the process temperature changes rapidly, there may be a
slight delay before the internal RTD stabilizes, leading to temporary measurement
errors.

| Maintenance and Calibration

To maintain accuracy, periodic calibration against a known standard is required.

1. Cleaning: Before calibration, sensors should be cleaned with a mild detergent or
a weak acid (such as 5% HCI) to remove mineral deposits or organic films.

2. Standard Solutions: Calibration is performed using potassium chloride (KCI)
solutions of known conductivity. It is important to use a standard that is close to
the expected process value.

3. Dry Verification: For inductive sensors, a "dry" verification can sometimes be
performed using a precision resistor looped through the sensor bore to simulate a
specific conductivity value.

|Frequent|y Asked Questions (FAQs)

Q: How often should | calibrate my in line conductivity meter?
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A: The frequency depends on the application. In clean water, once every six
months may suffice. In CIP or wastewater applications, monthly or even weekly
checks may be necessary due to fouling.

Q: Can | use a conductivity meter to measure the concentration of any chemical?

A: Only if the chemical dissociates into ions in water. It works well for salts, acids,
and bases. It will not work for alcohol, sugar, or oils.

Q: What is the difference between conductivity and TDS?

A: Total Dissolved Solids (TDS) is a measure of the mass of dissolved material.
Conductivity is a measure of electrical flow. Most meters convert conductivity to
TDS using a conversion factor (typically between 0.5 and 0.7), but this factor varies
depending on the specific ions present.

Q: Why is my reading fluctuating?

A: Fluctuations are often caused by air bubbles passing through the sensor or
electrical noise from nearby high-power equipment. Ensure the pipe is full and the
sensor is properly grounded.

By integrating reliable in line conductivity measurement with other process
variables like level and flow, industrial operators can achieve a higher degree of
automation and process safety. For more information on integrating these sensors
into your liguid management system, you can explore the technical resources
available on our Main Page.
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