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In the landscape of industrial process automation, the ability to monitor the
chemical composition of fluids is as critical as measuring their physical volume. A
liquid analysis instrument is a specialized device desighed to measure parameters
such as pH, oxidation-reduction potential (ORP), conductivity, dissolved oxygen,
and turbidity. These measurements are essential for ensuring product quality,
protecting downstream equipment, and meeting environmental regulatory
standards.

For engineers and plant managers, selecting the right analytical tools requires a
deep understanding of electrochemical and optical principles. When integrated
with primary process instruments—such as the radar or ultrasonic sensors found
on the Main Page of specialized manufacturers—liquid analysis instruments
provide the comprehensive data necessary for closed-loop control in water
treatment, chemical processing, and power generation.

| Core Measurement Principles for Liquid Analysis

To select the appropriate liquid analysis instrument, one must first understand the
underlying physics and chemistry of the different sensor types. Most industrial
analytical measurements fall into three categories: potentiometric, amperometric,
and optical.

|Potentiometric Measurement (pH and ORP)

pH measurement is perhaps the most common form of liquid analysis. It relies on
the potential difference between a sensing electrode and a reference electrode.
The sensing electrode typically features a pH-sensitive glass membrane that
develops a voltage proportional to the hydrogen ion activity in the liquid.

ORP (Oxidation-Reduction Potential) sensors function similarly but use a noble
metal electrode (usually platinum or gold) to measure the total electron-carrying
capacity of the solution. This is vital in disinfection processes, such as chlorination,
where the "killing power" of the water is more important than the concentration of
the chemical itself.

Welk Reference Guide 2



WELK REFERENCE GUIDE Liquid Analysis Instrument

| Conductivity Measurement

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

1. Contacting Conductivity: Uses two or four metal electrodes in direct contact with
the fluid. This is highly accurate for pure water applications (e.g., boiler feed water)
but is susceptible to fouling.

2. Inductive (Toroidal) Conductivity: Uses two encapsulated coils. One coil induces
a current in the liquid, and the second coil measures the strength of that current.
Since the coils do not touch the process fluid, this method is ideal for highly
corrosive or coating-prone liquids like acids and brines.

| Amperometric and Optical Dissolved Oxygen

Dissolved oxygen (DO) is measured using either an amperometric cell (where
oxygen diffuses across a membrane and is reduced at a cathode, creating a
current) or optical fluorescence quenching. Optical DO sensors are increasingly
popular because they do not require a constant flow of liquid across the sensor and
are less sensitive to membrane fouling.

Integrating Level Measurement with Liquid Quality
Monitoring

In practical engineering applications, liquid analysis is rarely performed in
isolation. It is usually paired with level measurement to provide a complete picture
of a storage tank or process vessel's status. For instance, in a chemical mixing
tank, a Welk radar level meter provides precise volume data, while a pH or
conductivity probe ensures the concentration of the mixture is within specification.

Welk Reference Guide 3



WELK REFERENCE GUIDE Liquid Analysis Instrument

Combining these technologies allows for advanced automation. For example, if a
hydrostatic level transmitter detects a decrease in tank volume while a
conductivity sensor detects a rise in ion concentration, the system can
automatically trigger a dilution valve. This synergy between physical and chemical
measurement is fundamental to modern industrial efficiency.

| Key Evaluation Criteria for Instrument Selection

When specifying a liquid analysis instrument, engineers must look beyond the
basic measurement range. The following technical criteria are essential for
long-term reliability:

T90 Response Time: This indicates how quickly a sensor reaches 90% of its final
value after a step change in the process. In fast-flowing chemical reactors, a low
T90 is critical for preventing overshooting of chemical doses.

Temperature Compensation: Chemical properties like pH and conductivity are
highly temperature-dependent. High-quality instruments include integrated PT100
or PT1000 temperature sensors to normalize readings to a reference temperature,
typically 25°C (77°F).

Material Compatibility: The wetted parts of the sensor must withstand the process
chemistry. Common materials include 316L stainless steel, PVDF (Polyvinylidene
fluoride), PEEK (Polyether ether ketone), and various specialized glass
formulations.

Digital Communication: Modern sensors often utilize RS485 Modbus or HART
protocols. Digital sensors (sometimes called "Smart Sensors") store calibration
data within the sensor head, allowing for "plug-and-play" replacement and offline
calibration in a laboratory environment.

| Technical Comparison Table

The following table provides a quick reference for common liquid analysis
technologies and their typical applications.
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Instrument Type Measurement Typical Range Common
Principle Application

pH Sensor Potentiometric 0-14 pH Wastewater
(Glass) neutralization,

chemical synthesis

ORP Sensor Potentiometric -1500 to +1500 mV Cooling tower
(Platinum) biocides, cyanide
destruction

Contacting 2-Pole / 4-Pole 0.055 pS/em - 10 Deionized water,
Conductivity Electrode mS/cm condensate
monitoring
Inductive Toroidal / 100 pS/cm - 2000 Acid/Base
Conductivity Electrodeless mS/cm concentration, CIP

(Clean-in-Place)

Optical DO Fluorescence 0 - 20 mg/L Aeration basins,
Quenching aquaculture

Turbidity Meter Nephelometry (90° 0 - 4000 NTU Filter breakthrough,
Scatter) potable water quality

| Installation and Maintenance Best Practices

Proper installation is the single most important factor in the longevity of a liquid
analysis instrument. Unlike non-contact radar level meters, analytical probes are in
constant contact with the process fluid, making them vulnerable to the
environment.

| Placement Considerations

Avoid Air Bubbles: Probes should be installed at an angle (typically 15° to 90° from
the horizontal) to prevent air bubbles from becoming trapped against the sensing
membrane, which causes erratic readings.

Flow Velocity: Most sensors require a minimum flow to ensure a representative
sample. For pH and DO, a velocity between 0.5 m/s and 3 m/s (1.6 ft/s to 9.8 ft/s) is
generally recommended.
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Submersion Depth: Ensure the sensor is deep enough to avoid surface turbulence
but not so deep that it rests in the sludge or sediment at the bottom of a tank.

| Calibration and Cleaning

Liquid analysis instruments require regular maintenance. pH electrodes, for
instance, experience "aging" where the glass impedance increases over time.
Regular calibration using certified buffer solutions is mandatory. In applications
involving oils or proteins, automated cleaning systems using water jets or chemical
solvents can significantly extend the interval between manual cleanings.

| Common Operational Risks and Limitations

While highly effective, liquid analysis instruments face specific challenges that can
lead to measurement errors:

1. Electrode Fouling: The accumulation of scale, biological growth, or oil on the
sensor surface is the leading cause of drift. This is particularly problematic in
wastewater treatment.

2. Ground Loops: If the liquid is not properly grounded or if there are multiple
grounding points in the system, electrical noise can interfere with the low-voltage
signals produced by pH and ORP sensors.

3. Chemical Attack: Strong hydrofluoric acid (HF) can dissolve standard glass pH
membranes. In such cases, specialized antimony electrodes or HF-resistant glass
must be specified.

4. Pressure Limits: Most standard analytical probes are rated for pressures up to 6
bar or 10 bar (87 psi to 145 psi). For high-pressure boiler applications, specialized
retractable housings and high-pressure sensors are required.
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| Conclusion

Selecting a liquid analysis instrument is a balance between the required accuracy,
the harshness of the process environment, and the available maintenance
resources. By understanding the measurement principles and following rigorous
installation standards, industrial operators can achieve precise control over their
liquid chemistry. Whether you are managing a municipal water plant or a complex
chemical refinery, integrating quality analysis with reliable level measurement
ensures a safer, more efficient operation.

| Frequently Asked Questions (FAQ)

Q: How often should a pH sensor be calibrated?

A: This depends entirely on the process. In clean water, monthly calibration may
suffice. In harsh chemical processes with high temperatures or extreme pH levels,
weekly or even daily calibration may be necessary to maintain accuracy.

Q: What is the difference between 2-pole and 4-pole conductivity sensors?

A: 2-pole sensors are best for low-conductivity (pure) water. 4-pole sensors use an
additional pair of electrodes to compensate for polarization and fouling, making
them much more accurate in medium-to-high conductivity liquids.

Q: Can | use a standard liquid analysis instrument in hazardous areas?

A: Yes, but the instrument and the transmitter must be certified for the specific
zone (e.g., ATEX, IECEX, or Class | Div 1). This usually involves using intrinsically
safe (IS) barriers or explosion-proof housings.

Q: Why does my dissolved oxygen reading change with temperature?

A: Oxygen solubility in water is temperature-dependent; colder water can hold
more oxygen. Additionally, the permeability of the sensor membrane changes with
temperature. Modern instruments use complex algorithms to compensate for both
of these factors automatically.

Q: What is the lifespan of a typical pH electrode?
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A: In standard room-temperature applications, a pH electrode typically lasts 12 to
18 months. However, in high-temperature (above 80°C / 176°F) or highly alkaline
environments, the lifespan may be reduced to just a few weeks or months.
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