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Liquid Analysis Systems

A practical guide to liquid analysis systems, covering the reader intent, the
relationship to liquid analysis systems, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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In the landscape of industrial process control, liquid analysis systems represent the
gualitative counterpart to quantitative level measurement. While level instruments
determine the volume or height of a medium within a vessel, liquid analysis
systems monitor the chemical and physical properties of that medium. For
engineers and plant operators, integrating these two data streams is essential for
maintaining product consistency, ensuring environmental compliance, and
protecting downstream equipment.

Modern industrial operations in water treatment, chemical processing, and oil and
gas rely on continuous, real-time data. This guide explores the fundamental
principles of liquid analysis, the synergy between analytical sensors and level
measurement, and the technical criteria for selecting the appropriate
instrumentation for complex environments.

| Principles of Industrial Liquid Analysis

To effectively implement liquid analysis systems, it is necessary to understand the
electrochemical and optical principles that govern sensor performance. Most
industrial systems focus on four primary parameters: pH, conductivity, dissolved
oxygen, and turbidity.

| pH and ORP Measurement

pH measurement is perhaps the most common form of liquid analysis. It measures
the activity of hydrogen ions in a solution, expressed on a logarithmic scale from 0
to 14. The measurement principle typically involves a glass electrode with a
hydrogen-ion-sensitive membrane. When immersed, a potential difference
develops between the internal buffer and the external solution, which is measured
against a reference electrode.

Oxidation-Reduction Potential (ORP) uses a similar principle but employs a noble
metal electrode (usually platinum or gold) to measure the solution's tendency to
gain or lose electrons. This is critical in wastewater treatment for monitoring
dechlorination or cyanide destruction.
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| Conductivity and Resistivity

Conductivity measures a liquid's ability to conduct an electrical current, which is
directly proportional to the concentration of dissolved ions. There are two primary
measurement methods:

1. Contacting Conductivity: Uses two or more electrodes in direct contact with the
fluid. It is highly accurate for pure water applications.

2. Inductive (Toroidal) Conductivity: Uses two encapsulated coils. One coil induces

a current in the liquid, and the second detects the magnitude of that current. Since
there are no exposed electrodes, this method is ideal for highly corrosive or fouling
media.

| Dissolved Oxygen (DO)

Dissolved oxygen levels are vital in biological wastewater treatment and boiler
feedwater monitoring. Measurement is generally achieved through polarographic
(amperometric) sensors or optical (fluorescence quenching) sensors. Optical
sensors have gained popularity in recent years due to their reduced maintenance
requirements and lack of electrolyte consumption.

| Turbidity and Suspended Solids

Turbidity measurement relies on optical principles, specifically the scattering of
light by suspended particles in a liquid. Using the Nephelometric principle, sensors
measure the light scattered at a 90-degree angle to the incident beam. This
provides a quantitative value of the liquid's clarity, which is essential for potable
water quality and filtration efficiency.
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| Integration with Level Measurement Systems

Liquid analysis systems do not operate in isolation. In most industrial tanks and
reactors, analytical sensors are installed alongside level measurement
instruments. For example, a radar level meter might monitor the volume of a
chemical reagent, while a pH sensor ensures the reagent remains within the
required specification.

When designing a process loop, engineers often refer to the Main Page of
instrumentation providers to ensure compatibility between level transmitters and
analytical controllers. For instance, in an interface application where oil sits atop
water, a magnetic level gauge can track the interface level, while a conductivity
sensor confirms the transition between the non-conductive oil phase and the
conductive water phase.

Furthermore, hydrostatic level transmitters often require temperature
compensation. Many liquid analysis sensors include integrated RTDs (Resistance
Temperature Detectors) like PT100 or PT1000 elements. Sharing this temperature
data across the control network (via HART or RS485) can improve the accuracy of
both the level and the analytical readings.

| Technical Selection Criteria

Choosing the right components for liquid analysis systems requires an evaluation
of the process environment and the specific goals of the measurement. The
following table provides a comparison of common analytical technologies based on
application suitability.

| Analytical Technology Comparison Table
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Parameter Measurement Typical Range Common
Method Applications
pH Potentiometric 0-14 pH Chemical Glass breakage,
dosing, Coating
Neutralization
Conductivity Inductive 200 pS/em - 2 Acids, Bases, Not for
(Toroidal) S/cm Brine ultra-pure water
Conductivity Contacting 0.01 pS/ecm -1 Boiler feed, RO Polarization at
mS/cm water high levels
Dissolved Optical (LDO) 0-20 mg/L Aeration tanks, High turbidity
Oxygen Fish farming interference
Turbidity 90° Scattered 0-4000 NTU Drinking water, Air bubble
Light Effluent interference

| Key Evaluation Factors

1. Chemical Compatibility: Ensure the sensor body (e.g., PVDF, PEEK, or Stainless
Steel) and O-rings (Viton, EPDM) can withstand the process media.

2. Process Pressure and Temperature: Standard pH electrodes are often limited to
6 bar (approx. 87 psi) and 80°C. High-pressure or high-temperature applications
require specialized housings or retractable assemblies.

3. Installation Location: Will the sensor be submerged in a tank, inserted into a
pipe, or placed in a bypass flow cell? This dictates the type of mounting hardware
required.

4. Signal Transmission: In modern liquid analysis systems, digital sensors (such as
those using Modbus or proprietary digital protocols) are preferred over analog
signals to prevent noise interference over long cable runs.

| Installation and Mounting Considerations

Proper installation is the single most important factor in the longevity of liquid
analysis systems. Unlike radar or ultrasonic level meters, which are often
non-contact, analytical sensors must be in direct contact with the process fluid.
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| Sensor Positioning

Sensors should be installed in a location with representative flow. In tanks, avoid
"dead zones" where the liquid may be stagnant. In pipelines, sensors should be
installed on the side or bottom of the pipe to ensure they remain fully submerged,
even at low flow rates. However, avoid the exact bottom if sediment is expected to
settle.

| The Importance of Submersion

pH and ORP electrodes must remain wet at all times. If a process involves
intermittent filling, the sensor should be installed in a "U-trap” or a flow cell that
retains liquid even when the main pipe is empty. If the sensor membrane dries out,
it may require lengthy rehydration or suffer permanent damage.

| Cable Management

Because analytical signals (especially from pH and oxygen sensors) involve very
high impedance or low-level currents, cable shielding is critical. Avoid routing
sensor cables near high-voltage power lines or VFDs (Variable Frequency Drives)
to prevent electromagnetic interference. Using digital sensors mitigates many of
these cabling challenges.

| Maintenance and Calibration

Liquid analysis systems require more frequent maintenance than level
measurement instruments. While a radar level meter may operate for years
without intervention, an analytical sensor is subject to fouling, depletion of
electrolytes, and aging of the sensing membrane.

1. Cleaning Cycles: In applications like wastewater or lime slurry, sensors should
be cleaned regularly. Automated cleaning systems using water jets or compressed
air can be integrated into the mounting assembly.
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2. Calibration: pH sensors should be calibrated using standard buffer solutions
(typically pH 4.0, 7.0, and 10.0). The frequency depends on the required accuracy
and the harshness of the process.

3. Verification: Periodically compare the online sensor reading with a laboratory
grab sample. If the deviation exceeds a set threshold (e.g., 0.2 pH), a recalibration
is necessary.

| Limitations and Common Risks

Despite their advanced technology, liquid analysis systems have inherent
limitations:

Fouling and Coating: Oil, grease, and biological growth can coat the sensor
surface, leading to slow response times or measurement drift.

Temperature Sensitivity: Chemical activity is highly temperature-dependent.
Always ensure the system uses automatic temperature compensation (ATC).

Consumables: Many sensors have a finite lifespan. pH electrodes typically last 6 to
24 months depending on the temperature and chemical exposure.

| Frequently Asked Questions (FAQ)

Q: Can | use one controller for multiple types of sensors?

A: Yes, many modern multi-parameter controllers can accept inputs for pH,
conductivity, and dissolved oxygen simultaneously, providing a centralized display
and data logging point.

Q: How do | choose between a contacting and an inductive conductivity sensor?

A: Use contacting sensors for clean, low-conductivity water (like distilled or
deionized water). Use inductive (toroidal) sensors for everything else, especially if
the liquid is dirty, corrosive, or has high salt content.

Q: What is the maximum distance between the sensor and the transmitter?
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A: For analog pH sensors, the limit is typically 10-15 meters without a
pre-amplifier. Digital liquid analysis systems can extend this distance to 100
meters or more using standard shielded twisted-pair cables.

Q: Do liquid analysis systems work in explosive atmospheres?

A: Yes, but you must select sensors and transmitters with appropriate hazardous
area certifications (such as ATEX, IECEX, or Class | Div 1) and use intrinsic safety
barriers where required.

By understanding these principles and selection criteria, engineers can implement
robust liquid analysis systems that complement their level measurement
strategies, ensuring both the quantity and quality of their industrial processes are
maintained at optimal levels.
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