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In the landscape of industrial process automation, liquid analysis stands as a
critical pillar alongside level, pressure, and flow measurement. While level
measurement instruments—such as radar level meters or ultrasonic
sensors—provide essential data regarding the quantity of a medium, liquid analysis
provides the qualitative data necessary for process control, environmental
compliance, and product quality assurance. For engineers and plant managers,
understanding the chemical and physical properties of process liquids is
fundamental to maintaining operational efficiency and safety.

This guide explores the core principles of industrial liquid analysis, the selection
criteria for analytical sensors, and how these measurements integrate with
broader level measurement systems to provide a holistic view of process health.

The Role of Liquid Analysis in Industrial Process
Control

Liquid analysis refers to the continuous monitoring of various parameters within a
liguid medium. In industries such as water treatment, chemical manufacturing, and
oil and gas, real-time analytical data allows for the precise dosing of chemicals, the
protection of downstream equipment from corrosion, and the verification that
effluent meets regulatory standards.

Unlike discrete sampling, where a liquid is taken to a laboratory for testing, inline
liquid analysis provides immediate feedback. This allows for automated
adjustments in the process loop. For instance, in a wastewater treatment plant, the
analysis of dissolved oxygen levels can automatically control the speed of aeration
blowers, significantly reducing energy consumption while ensuring biological
health.

| Fundamental Measurement Principles

To select the correct instrumentation, it is necessary to understand the physics
and chemistry behind common analytical measurements. Most industrial liquid
analysis relies on electrochemical, optical, or physical sensing technologies.
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|Potentiometric Measurement (pH and ORP)

PH measurement is perhaps the most common form of liquid analysis. It measures
the hydrogen ion activity in a solution using a glass electrode. The sensor
generates a voltage (potential) proportional to the pH value of the liquid, following
the Nernst equation. Oxidation-Reduction Potential (ORP) uses a similar principle
but employs a noble metal electrode (usually platinum or gold) to measure the
overall oxidizing or reducing capability of a solution.

Conductive and Inductive Measurement
(Conductivity)

Conductivity measures a liquid's ability to carry an electrical current, which is
directly related to the concentration of dissolved ions.

1. Contacting Conductivity: Uses electrodes in direct contact with the liquid. This is
highly accurate for low-conductivity applications like pure water.

2. Inductive (Toroidal) Conductivity: Uses two coils encased in a plastic housing.
One coil induces a current in the liquid, and the second measures the strength of
that current. This method is ideal for high-conductivity or corrosive liquids because
the sensor has no exposed metal parts.

Optical Measurement (Turbidity and Dissolved
Oxygen)

Optical sensors use light to determine liquid properties. Turbidity sensors measure
the amount of light scattered by suspended solids (nephelometry). Optical
Dissolved Oxygen (DO) sensors use the principle of fluorescence quenching, where
a sensing film is excited by blue light, and the rate at which it returns to its ground
state is affected by the presence of oxygen molecules.
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| Key Parameters in Industrial Liquid Analysis

Choosing the right parameter to monitor depends entirely on the specific goals of
the process. Below are the most common parameters encountered in industrial
applications:

pH/ORP: Critical for neutralization, fermentation, and cooling tower chemistry.

Conductivity: Used for leak detection in heat exchangers, concentration control in
CIP (Clean-in-Place) systems, and monitoring demineralized water.

Turbidity: Essential for drinking water quality, filter breakthrough detection, and
wastewater discharge monitoring.

Dissolved Oxygen: Vital for biological wastewater treatment and preventing
corrosion in high-pressure boilers.

Chlorine/Ozone: Used for disinfection monitoring in food and beverage and
municipal water sectors.

| Selection Criteria for Analysis Instrumentation

Selecting a sensor for liquid analysis requires more than just picking a parameter.
The environment in which the sensor operates will dictate the materials and
technology required. Before choosing a solution, engineers should consult the Main
Page for technical specifications of integrated measurement systems.

| Chemical Compatibility

The sensor body and sensing elements must withstand the process medium. For
example, highly acidic solutions may require PEEK (Polyether ether ketone) or PTFE
(Polytetrafluoroethylene) housings. In applications involving hydrofluoric acid,
standard glass pH electrodes will dissolve, requiring specialized antimony or
non-glass sensors.
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| Temperature and Pressure

Liquid Analysis

Analytical sensors are often the most fragile components in a process loop.
Standard pH electrodes are typically rated up to 80°C or 100°C, but
high-temperature versions can reach 130°C or higher for sterilization processes.
Pressure is equally important; high-pressure applications may require retractable
assemblies that allow the sensor to be withdrawn for maintenance without shutting

down the process line.

| Selection Table: Technology Comparison

Parameter

Preferred

Technology

Best For

Limitations

pH

Conductivity (Low)

Conductivity (High)

Turbidity

Dissolved Oxygen

Glass Electrode

Contacting (2-pole)

Inductive (Toroidal)

90° Scattered Light

Optical
(Luminescence)

General chemical
processes

Pure water, steam
condensate

Concentrated acids,
brine

Potable water,
effluent

Aeration tanks,
breweries

Sensitive to glass
breakage and fouling

Susceptible to
polarization and
scaling

Not suitable for very
low conductivity

Affected by entrained
air bubbles

Sensing cap requires
periodic replacement

| Installation and Engineering Best Practices

Proper installation is the single most important factor in the longevity and accuracy
of liquid analysis sensors. Unlike level meters, which are often non-contact,
analytical sensors must be submerged in the medium.
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1. Flow Velocity: Sensors should be installed where there is sufficient flow to
ensure a representative sample and to prevent the buildup of solids (fouling).
However, excessively high velocity (typically > 2 m/s) can cause mechanical stress
or cavitation.

2. Orientation: pH and ORP sensors must be installed at an angle (usually at least
15° above the horizontal) to ensure the internal reference electrolyte stays in
contact with the pH bulb and to prevent air bubbles from being trapped.

3. Submersion Depth: In tank applications, the sensor must remain submerged
even when the liquid level fluctuates. This is where integrating data from level
measurement instruments becomes crucial. If a radar level meter indicates the
level has dropped below the sensor's mounting point, the analytical data should be
flagged as invalid to prevent false alarms.

4. Bypass Loops: For high-pressure or high-temperature lines, it is often better to
install sensors in a bypass loop (sample line). This allows the liquid to be cooled or
depressurized before analysis and makes maintenance significantly easier.

| Limitations and Common Challenges

Liquid analysis is inherently more maintenance-intensive than physical
measurements like level or pressure. Engineers must account for the following
risks:

Sensor Fouling: In wastewater or oil-heavy processes, coatings can build up on the
sensor surface, leading to sluggish response times or complete measurement
failure. Automatic cleaning systems (water or air blast) are often required.

Calibration Drift: All analytical sensors drift over time. pH electrodes, for example,
lose sensitivity as the glass membrane ages. Regular calibration against known
standards is mandatory.

Interference: Some ions can interfere with specific sensors. For example, high
sodium concentrations can cause a "sodium error" in pH measurements at high pH
levels, leading to a lower-than-actual reading.
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| Maintenance and Calibration Protocols

A robust maintenance schedule is essential for reliable liquid analysis. Most
modern transmitters include diagnostic features that monitor sensor "health" (e.qg.,
glass impedance for pH sensors).

Weekly/Monthly Cleaning: Depending on the medium, sensors should be manually
cleaned with appropriate agents (dilute HCI for scale, detergents for oils).

Two-Point Calibration: For pH, a two-point calibration using buffer solutions (e.g.,
pH 4.0 and 7.0) should be performed regularly to adjust for slope and offset
changes.

Verification: Periodically compare the inline sensor reading with a calibrated
handheld or laboratory analyzer to ensure ongoing accuracy.

| Frequently Asked Questions (FAQ)

Q: Can | use a level meter to determine liquid concentration?

A: In some specific cases, yes. For example, if the density of a liquid changes
significantly with concentration, a hydrostatic level transmitter can be used to infer
concentration. However, for most chemical applications, dedicated liquid analysis
sensors (like conductivity or pH) are required for accuracy.

Q: How long do liquid analysis sensors typically last?

A: This varies greatly. A pH sensor in a clean water application may last 2 years,
while the same sensor in a hot, corrosive chemical process might only last 3
months. Optical sensors generally have longer lifespans as they lack consumable
electrolytes.

Q: What is the difference between "Contacting" and "Inductive" conductivity?

A: Contacting conductivity uses metal pins in the liquid and is best for very clean,
low-conductivity water. Inductive conductivity uses magnetic coils inside a plastic
donut-shaped housing; it is much more durable for dirty or corrosive liquids
because no metal touches the process.
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Q: Do | need to compensate for temperature?

A: Yes. Almost all liquid analysis parameters are temperature-dependent. Most
industrial sensors include an integrated temperature element (like a Pt100 or
Pt1000) to automatically compensate the reading to a reference temperature
(usually 25°C).

For more detailed information on selecting the appropriate hardware for your

specific industrial application, or to explore our full range of level and analytical
measurement solutions, please visit our Main Page.

Welk Reference Guide 8



