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In industrial process control, monitoring extreme thermal environments is a
fundamental requirement for both safety and efficiency. High-temperature
applications—typically defined as processes exceeding 1,000°C (1,832°F)—present
unique challenges for instrumentation. While various temperature sensing
technologies exist, thermocouples remain the most prevalent choice due to their
durability, wide temperature range, and relatively low cost.

For engineers managing complex systems, such as those involving the level
measurement of molten glass, metal smelting, or high-pressure steam,
understanding the nuances of temperature sensing is critical. Often, temperature
data is used in conjunction with level measurement instruments to compensate for
density changes in fluids. To explore how these sensors integrate into broader
process automation, you can visit the Main Page for detailed technical
specifications.

| Measurement Principles of Thermocouples

The operation of a thermocouple is based on the Seebeck effect, a phenomenon
discovered by Thomas Johann Seebeck in 1821. This principle states that when two
dissimilar metal conductors are joined at two points to form a circuit, and those
junctions are maintained at different temperatures, an electromotive force (EMF)
or voltage is generated.

| The Seebeck Effect

The voltage produced is proportional to the temperature difference between the
"hot junction" (the measurement point) and the "cold junction" (the reference
point, usually located at the transmitter or controller). Because the relationship
between voltage and temperature is non-linear but well-defined by international
standards (such as IEC 60584 or ASTM E230), a controller can calculate the
temperature at the hot junction by measuring the millivolt output and knowing the
reference junction temperature.
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| Material Selection and Thermoelectric Sensitivity

For high-temperature applications, the choice of metal alloys is restricted by the
melting points of the materials and their resistance to oxidation and reduction. The
sensitivity of a thermocouple, often expressed in microvolts per degree Celsius
(HV/°C), varies significantly between different types. Noble metal thermocouples,
while more stable at extreme temperatures, typically have much lower sensitivity
than base metal types.

Types of Thermocouples for High Temperature
Applications

Thermocouples are categorized into "Base Metal" and "Noble Metal" types. For
high-temperature industrial use, the following types are the most common:

| Base Metal Thermocouples (Type K and Type N)

Type K (Chromel/Alumel): This is the most common general-purpose
thermocouple. It can operate up to 1,260°C (2,300°F) in oxidizing or inert
atmospheres. However, it is susceptible to "green rot" (preferential oxidation of
chromium) if used in reducing atmospheres at high temperatures.

Type N (Nicrosil/Nisil): Developed to overcome the instabilities of Type K, Type N
offers superior oxidation resistance and is more stable against the effects of
thermal cycling. It is suitable for temperatures up to 1,260°C and is increasingly
preferred for high-temperature vacuum furnaces.

|Noble Metal Thermocouples (Type R, S, and B)

These utilize platinum and rhodium alloys and are designed for extreme
temperatures where base metals would melt or oxidize rapidly.

Type R (Platinum-13% Rhodium/Platinum): Suitable for temperatures up to
1,450°C. It is highly stable but very sensitive to contamination.
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Type S (Platinum-10% Rhodium/Platinum): Similar to Type R, it is the standard for
calibration and industrial measurements up to 1,450°C.

Type B (Platinum-30% Rhodium/Platinum-6% Rhodium): Designed for the highest
industrial ranges, Type B can measure up to 1,700°C (3,100°F). It has a very low
output at lower temperatures, making cold-junction compensation less critical but
requiring specialized instrumentation.

| Practical Selection Table

Choosing the correct sensor requires balancing temperature range, atmospheric
conditions, and budget. The following table provides a comparison of
thermocouples for high temperature applications:

Thermocouple Standard Max Recommended Sensitivity
Type Composition Continuous Atmosphere (Approx.)
Temp (°C)

Type K Ni-Cr / Ni-Al 1,260°C Oxidizing / Inert 41 pv/eC
Type N Ni-Cr-Si / 1,260°C Oxidizing / 39 pv/eC
Ni-Si-Mg Reducing /
Vacuum
Type R Pt-13%Rh / Pt 1,450°C Oxidizing / Inert 10 pv/eC
Type S Pt-10%Rh / Pt 1,450°C Oxidizing / Inert 10 uv/°C
Type B Pt-30%Rh / 1,700°C Oxidizing / Inert 6 pv/°C
Pt-6%Rh
Type C W-5%Re / 2,320°C Vacuum / Inert / 18 pv/°C
W-26%Re Reducing

Installation Considerations for High-Temperature
Sensors

Correct installation is as important as sensor selection. In high-heat environments,
the physical integrity of the sensor assembly is constantly under threat.
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| Protection Tubes and Thermowells

At temperatures above 1,000°C, most metal sheaths become soft or oxidize.
Therefore, ceramic protection tubes are often required. Common materials
include:

Alumina (Al203): Provides excellent temperature resistance and chemical
inertness, though it is brittle and sensitive to thermal shock.

Silicon Carbide (SiC): Used in extremely harsh environments like kilns and furnaces
due to its high strength and thermal shock resistance.

Inconel 600/601: A high-nickel alloy used for metal sheathing in Type Kand N
applications up to 1,150°C.

| Extension and Compensating Wires

Thermocouple sighals are small and easily corrupted by electrical noise. It is vital
to use the correct extension wire that matches the thermoelectric properties of the
thermocouple. Using copper wire between the thermocouple head and the
controller will introduce a new junction, leading to significant measurement errors.

| Cold Junction Compensation (CJC)
Since the thermocouple measures the difference between the hot and cold
junctions, the temperature at the connection point (the cold junction) must be

known. Modern transmitters and PLC input cards use an internal thermistor to
measure the terminal temperature and mathematically compensate the reading.

| Limitations and Risks

While robust, thermocouples for high temperature applications are subject to
several failure modes:
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1. Drift: Over time, the alloys in the thermocouple wires can change due to the
migration of atoms or oxidation. This causes the voltage output to change, leading
to inaccurate readings. Noble metals are less prone to drift than base metals.

2. Contamination: At high temperatures, vapors from the process or the protection
tube can permeate the thermocouple wires. For example, silica from ceramic
tubes can contaminate platinum wires, making them brittle and altering their
calibration.

3. Thermal Shock: Rapid temperature changes can crack ceramic protection tubes
or cause mechanical stress on the junction, leading to premature failure.

4. Green Rot: As mentioned, Type K thermocouples can fail in low-oxygen
environments at high temperatures because the chromium oxidizes while the
nickel does not, drastically changing the EMF output.

| Integration with Level Measurement Systems

In many industrial applications, temperature measurement is not an isolated
requirement. For instance, in chemical processing or oil and gas storage, the
accuracy of a hydrostatic level transmitter depends on the density of the liquid.
Since density changes with temperature, a high-temperature thermocouple is often
used to provide real-time data to a flow computer or DCS, which then corrects the
level reading.

Similarly, radar level meters, while generally unaffected by temperature in the
vapor space, must operate within specific temperature limits at the flange or
antenna. Monitoring the process temperature ensures that the level measurement
hardware remains within its safe operating envelope. For more information on how
temperature affects various level sensing technologies, visit the Main Page.

|Frequent|y Asked Questions (FAQs)

Welk Reference Guide 6



WELK REFERENCE GUIDE Thermocouples for High Temperature Applications

1. How often should high-temperature
thermocouples be calibrated?

Calibration frequency depends on the operating temperature and the environment.
In continuous processes above 1,200°C, monthly or quarterly checks are common.
Noble metal thermocouples (R, S, B) typically hold their calibration longer than
base metal types (K, N).

2. Can |l use a Type K thermocouple in a vacuum
furnace?

Type K is not recommended for high-vacuum applications because the chromium
can evaporate from the wire, changing its calibration. Type N is a much better
choice for vacuum environments.

3. What is the difference between a grounded and
ungrounded junction?

In a grounded junction, the thermocouple wires are physically welded to the tip of
the protection sheath. This provides a faster response time but makes the signal
susceptible to electrical noise and ground loops. Ungrounded junctions are
electrically isolated from the sheath, offering better noise rejection at the cost of a
slower response time.

4. Why is my Type B thermocouple reading 0°C at
room temperature?

Type B thermocouples have a very flat response curve at low temperatures. They
produce almost no voltage between 0°C and 40°C. They are specifically designed
for use above 600°C; they are not suitable for measuring ambient or low process
temperatures.
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5. How do | prevent ceramic protection tubes from
cracking?

To prevent thermal shock, ceramic tubes should be pre-heated or inserted into the
furnace slowly (e.g., 25-50mm per minute). This allows the material to expand
gradually and reduces internal stresses.

| Conclusion

Selecting thermocouples for high temperature applications requires a deep
understanding of the chemical and physical environment of the process. Whether
choosing a Type N for its stability in a furnace or a Type B for extreme heatin a
glass melt, engineers must consider the protection sheath, the atmosphere, and
the potential for drift. By integrating accurate temperature data with reliable level
measurement solutions, industrial operators can ensure the safety and precision of
their most demanding processes.
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