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Data sheet DS/TB404–EN Rev. D 

TB404
Conductivity sensors
Toroidal

Perfect for use in standard to 
highly corrosive solutions

Greatly reduces coating and other fouling problems
— Inductive measurement technique yields a solution 

conductivity measurement virtually unaffected by solution 
contaminants

Multi-range capability
— Measures from 400 µS/cm to 2,000 mS/cm

Versatile mounting
— Hardware for submersion, 1½-inch inline, and low and high 

pressure ball valve insertion

Automatic temperature compensator with fast thermal 
response

Small size with large center bore
— Allows 1½-inch mounting, yet center bore is 50% larger 

than comparatively sized sensors

PEEK encapsulation
— Assure chemical resistance and durability

High pressure and temperature ratings
— Up to 200°C (392°F), 2,070 kPag (300 psig) depending on 

mounting hardware and materials

316 stainless steel, Kynar®, titanium, and CPVC hardware
— Available to fit all applications
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General Description

Model TB404 Toroidal Conductivity Sensors expand the
advancements in process conductivity measurement
initiated by ABB with four-electrode conductivity
measurement. Unlike four-electrode sensors, toroidal
sensors have no electrodes.

The Model TB404 Toroidal Conductivity Sensor provides
a means for measuring solution conductivity in
chemically aggressive solutions that corrode, foul, or
otherwise destroy electrode type sensors. The sensor
itself is comprised of two wound toroids encapsulated in
a chemically resistant nonconductor made of
polyether-ether ketone (PEEK). Measurement is made
inductively via magnetic coupling between the solution
and the toroids. Because measurement is made
inductively, without electrodes that can be affected by
erroneous resistances from foulants or coatings, these
sensors are virtually impervious to all but thick layers of
foulants.

Toroidal conductivity measurement is applicable to a
wide variety of industrial process needs including: sewer
and condensate monitoring, pulping and sugar liquors,
chemical concentration monitoring, liquids containing
algae, cleaning and clean-in-place solutions, food and
pharmaceutical installations, liming applications, brine,
solutions with solids and/or high ionic strength, and
countless other applications.

Toroidal Conductivity Theory

Toroidal (sometimes referred to as electrodeless or
inductive) conductivity measurement is performed
without using any electrodes in contact with the solution.
Instead the sensor is comprised of two wound toroids
encapsulated in PEEK.

The conductivity instrument supplies a constant drive to
one of the two toroids. This drive toroid generates a
strong magnetic field in the solution. Since the solution
forms a continuous loop around the two toroids, the
current induced into the solution by this drive toroid
couples with the second toroid. This second or sense
toroid then emits a current that varies directly with the
amount of coupling occurring through the solution. Since
the induced current varies proportionally with the
conductance of the solution, the signal measured by the
sense toroid is directly related to solution conductivity.

Toroidal conductivity measurement is made through a
nonconductive material, so it is not affected by coatings
or scales that add resistance and error to conventional
conductivity measurements. Only when coatings
accumulate thick enough to significantly obscure the
cross sectional area of the solution loop is the toroidal
measurement compromised.

Figure 1.  Toroidal Conductivity Measurement

Figure 2.  TB404 Toroidal Conductivity Sensor
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Materials

The wetted area of the Model TB404 Toroidal Conduc-
tivity Sensor is completely encapsulated in PEEK, one
of the most durable thermoplastics used in industry. The
interior of the sensor contains 316 stainless steel and
high temperature epoxy assuring compatibility with all
processes. With such combinations of material, the
Model TB404 Toroidal Conductivity Sensor gives bullet-
proof performance and reliability.

Temperature Compensation

Solution conductivity is greatly affected by temperature.
Compensation for the affects of temperature on solution
conductivity (temperature compensation) is accom-
plished by a resistive temperature detector (RTD) in the
sensor and circuitry in the associated instrument.
Temperature response of the sensor is excellent as the
RTD is placed directly in the process with the sensor
toroids. Only extremely durable RTDs, rated well above
the 200-degree Celsius (392-degree Fahrenheit) sensor
rating, are used to ensure total reliability.

Figure 3.  Model TB404 with
PVC Submersible Adapter

Submersible

The sensor is readily adaptable to submersion
applications. Order the sensor with a CPVC, 316
stainless steel, or Kynar submersible adapter. The
adapter has a female thread that matches the rear
threads of the sensor and a male 3/4 NPT for attach-
ment to a 3/4-inch submersion rod. The rod (or pipe) is
required for protecting the sensor cable and for holding
the sensor in a fixed, submersed position.

The submersion style is used for measurement in open
streams, containers, ponds, basins, lagoons, and
similar locations. It can also be used for top mounting
into sealed containers.

Range Min 0 to 400 μS/cm
Max. 0 to 2,000 mS/cm depending

on instrument chosen

Temperature Max. 200°C (392°F) with
316 Stainless Steel adapter

Max. 140°C (284°F) with
Kynar adapter

Max. 80°C (176°F) with
CPVC adapter

Pressure Max. 689 kPag (100 psig)
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High Pressure Ball Valve Insertion

Model TB404 High Pressure Ball Valve Insertion (Hot
Tap) Sensor allows direct installation of the sensor in
process lines and vessels above 2068 kPa (300 psi). The
sensor is installed through a 11/2-inch full port ball valve.
It can be safely inserted or removed without draining or
depressurizing the process piping or vessel.

This sensor assembly differs from the low pressure
version by the size of the insertion rod and addition of a
retraction chamber. A 1/2-inch diameter insertion rod is
held in place by a compression fitting. The small diame-
ter allows insertion at high pressures despite the large
size of the sensor because the difference in pressure is
only across the 1/2-inch cross sectional area of the rod.

The sensor is retracted into a chamber that contains
two 1/4-NPT flushing ports that allow purging of solids
and/or hazardous chemicals. The ports can also be
used for pressurizing the assembly before insertion.

Range Min 0 to 400 μS/cm
Max. 0 to 2,000 mS/cm
depending on instrument chosen

Temperature Max. 150°C (302°F)

Pressure Max. 2,070 kPag (300 psig)

Seals Teflon¤*  ferrule in compression
fitting, O-rings per sensor
nomenclature

Materials 316 Stainless Steel and titanium

Process Connection
11/2-NPT with ABB-supplied valve:
(titanium ball valve supplied by
customer)

Figure 4.  High Pressure Ball Valve Insertion Sensor

Inline Flow Sensor

The inline flow adapter allows simple mounting of the
Model TB404 sensor inside process piping or vessels.
Available in CPVC, 316 stainless steel, or titanium
versions, this three piece adapter has an integral 11/2-
NPT male process connection.

The TB404 sensor mounts inside the flow adapter via its
rear threads. The O-rings on the sensor provide a seal
from the process. A retainer nut is used to align the
sensor to the process flow and hold the sensor in the
adapter. A Viton® gasket is used to seal this retainer.

Range Min 0 to 400 μS/cm
Max. 0 to 2,000 mS/cm
depending on instrument chosen

Temperature Max. 200°C (392°F) with
316 Stainless Steel adapter

Max. 200°C (392°F) with
titanium adapter

Max. 65°C (149°F) with
CPVC adapter

Pressure Max. 2,070 kPag (300 psig)
for 316 Stainless Steel

Max. 2,070 kPag (300 psig)
for titanium

Max. 689 kPag (100 psig)
for CPVC

Figure 5.  Model TB404 with Inline Flow Adapter

* TEFLON® is a registered trademark of DuPont.
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Low Pressure Ball Valve Insertion

The Model TB404 Low Pressure Ball Valve Insertion
(Hot Tap) Sensor allows simple installation of the
sensor in process lines and vessels. The sensor is
installed through a 11/2-inch full port or two-inch ball
valve. It can be safely inserted or removed from the
process without draining or depressurizing the piping or
vessel.

The sensor fits into a one-inch diameter insertion rod
and is sealed into it by its O-rings. The insertion rod is
held in place by a compression fitting that screws into
the valve. Two types of compression fitting are available;
a wrench type that requires that the fitting be taken out
of the valve before the sensor assembly can be re-
moved and a hand tight fitting that allows a quick
disconnect from the process without tools. Both
compression fittings have two 1/4-NPT ports that allow
flushing of the assembly to remove solids and/or
hazardous chemicals. The ports can also be used for
pressurizing the assembly to make insertion easier.

Range Min 0 to 400 μS/cm
Max. 0 to 2,000 mS/cm

depending on instrument
chosen

Temperature Max. 150°C (302°F)

Pressure Max. 689 kPag (100 psig)

Seals Teflon®* ferrule in compression
fitting, O-rings per sensor
nomenclature

Materials 316 Stainless Steel and titanium

Process Connection
11/2-NPT with ABB-supplied valve:
(titanium ball valve supplied by
customer)

Figure 6.  Low Pressure Ball Valve Insertion with Wrench
Tight Compression Fitting

Figure 7.  Low Pressure Ball Valve Insertion with Hand Tight
Compression Fitting without Valve

* TEFLON® is a registered trademark of DuPont.
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