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In the landscape of industrial process control, the Rosemount 3900 series
represents a standard for general-purpose pH and Oxidation-Reduction Potential
(ORP) measurement. Effective process management in industries such as water
treatment, chemical processing, and power generation requires a combination of
liquid analytical data and physical parameters like volume and height. While
specialized instruments like radar level meters or ultrasonic sensors handle the
physical containment monitoring, analytical sensors like the Rosemount 3900
provide the chemical insights necessary for automated dosing and safety
compliance.

This article provides a technical overview of the Rosemount 3900, its operating
principles, selection criteria, and how it integrates into broader industrial
automation frameworks alongside level measurement technologies.

| Measurement Principles of pH and ORP

Before selecting a sensor like the Rosemount 3900, it is essential to understand
the electrochemical principles that govern its operation. Analytical sensors do not
measure concentration directly; rather, they measure the electrical potential
generated by ions in a solution.

| PH Measurement

pH is a measure of the hydrogen ion activity in an aqueous solution. The
measurement is based on the Nernst equation, which describes the relationship
between the potential across a glass membrane and the hydrogen ion
concentration. The Rosemount 3900 utilizes a glass electrode with a specially
formulated pH-sensitive bulb (AccuGlass™ ). When immersed, a millivolt potential
develops across the glass membrane that is proportional to the pH of the liquid.
This potential is measured against a stable reference electrode, typically a
silver/silver chloride (Ag/AgCl) system.

Welk Reference Guide 2



WELK REFERENCE GUIDE Rosemount 3900

| ORP Measurement

Oxidation-Reduction Potential (ORP) measures the tendency of a chemical species
to acquire electrons and thereby be reduced. Unlike pH sensors, ORP sensors use a
noble metal electrode (usually platinum) instead of a glass bulb. The sensor
measures the ratio of oxidized to reduced species in the process. This is critical in
applications like chlorine dosing for disinfection or the treatment of
chrome-bearing wastewater, where maintaining a specific redox state is
mandatory for reaction efficiency.

| Key Features of the Rosemount 3900

The Rosemount 3900 is designed for versatility and durability in diverse
environments. It is frequently specified for its "all-in-one" construction, which
simplifies installation and reduces the footprint required in piping or tank
assemblies.

Body Material: The sensor body is constructed from Tefzel™ (ETFE), a
high-performance fluoropolymer that offers excellent chemical resistance to acids,
bases, and organic solvents.

Double Junction Reference: To prevent electrode poisoning, the 3900 features a
double-junction reference. This design provides an extra barrier against ions (such
as sulfides or cyanides) that could react with the internal silver reference wire and
cause sensor drift or failure.

Temperature Compensation: The sensor includes an internal Pt-100 or Pt-1000
Resistance Temperature Detector (RTD). Since pH is temperature-dependent, this
integrated element allows the transmitter to perform real-time compensation,
ensuring accuracy across varying process temperatures.

Connectivity Options: The series includes the standard 3900 (with an integral
cable) and the 3900VP (with a Variopol connector). The VP connector allows for
quick-disconnect cable replacement without the need to pull new wiring through
conduits, significantly reducing maintenance downtime.
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| Integration with Level Measurement Systems

In practical engineering, liquid analytical sensors are rarely used in isolation. They
are almost always part of a control loop that includes level measurement. For
instance, in a neutralization tank, a Main Page solution such as an ultrasonic level
transmitter monitors the volume of the effluent to prevent overflow, while the
Rosemount 3900 monitors the pH to trigger the injection of caustic or acid.

Application Role of Rosemount 3900 Role of Level Meter

Wastewater Treatment Monitors effluent pH for Measures tank level for
environmental compliance. pump control and overflow
prevention.
Chemical Batching Ensures reaction completion Monitors reagent levels to
via ORP/pH shifts. ensure precise mixing ratios.
Cooling Towers Controls blowdown and Maintains makeup water
chemical dosing based on levels to compensate for
water chemistry. evaporation.
Scrubber Systems Monitors reagent acidity to Ensures the sump level is
optimize gas absorption. sufficient for circulation
pumps.

| Technical Specifications and Selection Table

Choosing the right sensor configuration depends on the pressure, temperature,
and chemical composition of the process. The following table summarizes the
primary operating boundaries for the Rosemount 3900.
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Specification (Metric) Specification (Imperial)

pH Range O to 14 pH 0to 14 pH

ORP Range -1500 to +1500 mV -1500 to +1500 mV
Temperature Range -10°C to 100°C 14°F to 212°F
Maximum Pressure 790 kPa (at 100°C) 100 psig (at 212°F)
Reference System Double Junction Ag/AgCl Double Junction Ag/AgCl
Body Material Tefzel (ETFE) Tefzel (ETFE)

Wetted Materials Tefzel, Glass, EPDM Tefzel, Glass, EPDM

| Installation Considerations

Proper installation is the most critical factor in the longevity and accuracy of a
pH/ORP sensor. Unlike level meters, which can often be mounted non-intrusively
(such as radar level meters), pH sensors must be in direct contact with the process
fluid.

1. Mounting Orientation: The sensor must be installed at an angle of at least 10°
above the horizontal. This ensures that the internal electrolyte stays in contact
with the glass bulb and prevents air bubbles from being trapped in the electrode

tip.

2. Flow Velocity: In pipeline installations, the sensor should be placed where there
is a representative flow of the process. However, excessively high velocities
(above 3 meters per second) can cause mechanical wear on the glass bulb or
create static charges that interfere with the signal.

3. Submersion vs. Insertion: The Rosemount 3900 is designed for both submersion
(using a standpipe or bracket in an open tank) and insertion (using a tee or flow
cell in a closed pipe). For submersion, ensure the cable entry is sealed to prevent
moisture ingress into the sensor body.
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4. Proximity to Level Meters: When installing in a tank, ensure the sensor is not
placed directly under an inlet pipe where turbulence is high. Similarly, ensure it
does not interfere with the signal path of a radar or ultrasonic level meter mounted
at the top of the vessel.

| Maintenance and Calibration

Analytical sensors require more frequent maintenance than mechanical or
level-based instruments. The Rosemount 3900 should be calibrated regularly using
standard buffer solutions (typically pH 4.0, 7.0, and 10.0).

Cleaning: If the sensor becomes coated with oils, scales, or biological growth, the
response time will slow down. Use a mild detergent for oils or a dilute hydrochloric
acid (5%) for mineral scaling. Never use abrasive materials on the glass bulb.

Hydration: The pH-sensitive glass must remain hydrated to function. If the sensor
is removed from the process for an extended period, it should be stored in a
soaking solution (4M KCI) rather than deionized water, which can leach ions from
the glass.

| Limitations and Common Challenges

While the Rosemount 3900 is a robust general-purpose sensor, it has specific
limitations:

High Hydrofluoric Acid (HF): Standard glass electrodes are etched by HF. In
processes containing more than trace amounts of fluorides at low pH, specialized
HF-resistant glass is required.

Extreme Temperatures: While rated to 100°C, continuous operation at the upper
limit will significantly shorten the lifespan of the sensor due to accelerated
electrolyte depletion and glass aging.

Pressure Spikes: Sudden pressure surges (water hammer) can shatter the glass
bulb. In systems prone to pressure spikes, protective mounting or pulsation
dampeners should be considered.

Welk Reference Guide 6



WELK REFERENCE GUIDE Rosemount 3900

| Frequently Asked Questions (FAQs)

Q1l: How long does a Rosemount 3900 sensor typically last?

In clean water applications, the sensor can last 12 to 24 months. In harsh chemical
environments or high-temperature processes, the lifespan may be reduced to 3 to
6 months. Regular calibration and cleaning are the best ways to extend service
life.

Q2: Can | use the 3900 for high-purity water (low conductivity)?

The 3900 is a general-purpose sensor and is not optimized for high-purity water
(conductivity < 10 uS/cm). Low-conductivity applications typically require a flowing
junction reference to maintain a stable electrical path.

Q3: What is the difference between the 3900 and the 3900VP?

The 3900 has a fixed, integral cable. The 3900VP features a Variopol (VP8)
connector on the back of the sensor, allowing for easier replacement and
maintenance without re-wiring the transmitter end.

Q4: Does the sensor work with non-Rosemount transmitters?

Yes, the Rosemount 3900 is a standard analog sensor. It can be used with most
pH/ORP transmitters that accept a high-impedance glass electrode input and a
Pt-100/1000 RTD for temperature compensation.

Q5: How does tank level affect pH measurement?

Directly, it does not. However, if the liquid level falls below the sensor's immersion
depth, the sensor will dry out, leading to erratic readings and potential damage.
Integrating the sensor with a level control system ensures the sensor remains
submerged during operation.
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For engineers desighing comprehensive process monitoring systems, selecting the
right analytical sensor is just one part of the equation. Accurate inventory and
process volume data provided by high-quality level measurement instruments are
equally vital. To explore a wide range of industrial level measurement solutions
that complement analytical instrumentation, Review product options and
application support to ensure your facility operates with maximum efficiency and
safety.
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