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In industrial thermal processing, the ability to accurately monitor temperatures
exceeding 1,200°C is critical for process control, safety, and product quality.
Standard base-metal thermocouples, such as Type K or Type J, typically fail or
undergo rapid degradation at these extremes. For applications in glass
manufacturing, aerospace testing, semiconductor processing, and metallurgy,
engineers must turn to very high temperature thermocouples. These specialized
sensors utilize noble metals or refractory metal alloys capable of maintaining
structural integrity and thermoelectric stability in environments that would melt or
oxidize common industrial sensors.

| The Principle of Thermoelectric Measurement

Before selecting a specific sensor for extreme heat, it is essential to understand
the underlying physics. All thermocouples operate based on the Seebeck effect.
When two dissimilar electrical conductors are joined at one end (the sensing
junction) and exposed to a temperature gradient, a small voltage (electromotive
force or EMF) is generated. This voltage is proportional to the temperature
difference between the sensing junction and the reference junction (the cold
junction).

In very high temperature thermocouples, the choice of materials is restricted by
the melting points of the metals and their resistance to chemical changes at high
energy levels. At temperatures above 1,200°C, the molecular migration between
the two wires can lead to "drift,” where the EMF output no longer accurately
represents the temperature. To combat this, high-temperature sensors use
high-purity noble metals (Platinum/Rhodium) or refractory metals
(Tungsten/Rhenium) paired with specialized ceramic insulation.

| Types of Very High Temperature Thermocouples

High-temperature thermocouples are generally categorized into two groups: Noble
Metal (Letter-designated) and Refractory Metal (Tungsten-Rhenium).

#### Noble Metal Thermocouples (Types R, S, and B)

These sensors utilize Platinum and Rhodium. They are highly stable and resistant
to oxidation, making them the standard for high-temperature measurements in air.
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Type S (Platinum / Platinum-10% Rhodium): Capable of measuring up to 1,480°C. It
is often used as a calibration standard due to its high accuracy and stability.

Type R (Platinum / Platinum-13% Rhodium): Similar to Type S but offers a slightly
higher EMF output and stability. It is also rated for use up to 1,480°C.

Type B (Platinum-30% Rhodium / Platinum-6% Rhodium): The most robust of the
noble metal types, Type B can measure up to 1,700°C (3,092°F). Unlike R and S, it
can be used with standard copper extension wire because its ambient temperature
output is negligible.

#### Refractory Metal Thermocouples (Types C, D, and G)

For temperatures exceeding 1,800°C, noble metals reach their physical limits.
Refractory thermocouples, primarily composed of Tungsten and Rhenium alloys,
are required for these extreme conditions.

Type C (Tungsten-5% Rhenium / Tungsten-26% Rhenium): These are the most
common refractory sensors, capable of measuring up to 2,315°C (4,200°F).

Environmental Limitation: Unlike noble metals, Tungsten-Rhenium wires oxidize
rapidly in the presence of oxygen at high temperatures. They must be used strictly
in a vacuum, high-purity inert gas (Argon or Helium), or dry hydrogen
atmospheres.

| Technical Selection Table
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Thermocouple Composition Max Continuous Recommended

Type Temp (°C) Environment

Type S Pt / Pt-10% Rh 1,480°C Oxidizing, Inert

Type R Pt / Pt-13% Rh 1,480°C Oxidizing, Inert

Type B Pt-30% Rh / Pt-6% Rh 1,700°C Oxidizing, Inert

Type C W-5% Re / W-26% 231556 Vacuum, Inert,
Re Reducing

Type D W-3% Re / W-25% 230550 Vacuum, Inert,
Re Reducing

Type G W/ W-26% Re 2. 3155C¢ Vacuum, Inert,

Reducing

| Protection Tubes and Insulation

At extreme temperatures, the thermocouple wire is only as good as its protection.
Standard stainless steel or Inconel sheaths melt or become porous at these levels.
Engineers must specify advanced ceramic protection tubes:

1. Alumina (99.7% Al203): The most common choice for noble metal
thermocouples. It is gas-tight and provides excellent electrical insulation up to
1,800°C. However, it is susceptible to thermal shock.

2. Zirconia (ZrO2z): Used for even higher temperatures, though it becomes
electrically conductive at very high heat, which can interfere with the
thermocouple signal.

3. Molybdenum or Tantalum: Used as outer metallic sheaths for refractory
thermocouples in vacuum furnaces to provide structural support while maintaining
high melting points.
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Installation Considerations for High-Heat
Environments

Installing very high temperature thermocouples requires a different approach than
standard industrial sensors. Failure to account for the physical properties of the
materials often leads to premature sensor failure.

Thermal Shock: High-purity ceramic protection tubes are brittle. They should be
pre-heated or inserted into the furnace slowly (e.g., 25mm to 50mm per minute) to
prevent cracking due to rapid thermal expansion.

Orientation: At temperatures above 1,200°C, most protection tubes will soften.
Sensors installed horizontally may sag under their own weight. Vertical installation
is always preferred. If horizontal installation is mandatory, additional external
support must be provided.

Immersion Depth: To ensure an accurate reading and prevent heat loss through
the protection tube (stem conduction), the sensor should be immersed to a depth
at least 10 times the outer diameter of the protection tube.

Contamination: Platinum is highly sensitive to contamination from silicon, iron, and
other base metals. Even fingerprints or oil can cause "poisoning" of the noble
metal, leading to rapid drift. Always handle these sensors with clean gloves and
ensure the ceramic insulators are free of impurities.

| Limitations and Common Risks

While very high temperature thermocouples are the only solution for certain
processes, they come with inherent limitations:

1. Brittleness: Refractory metals like Tungsten become extremely brittle after
being exposed to high heat. Once a Type C thermocouple has been used, it cannot
be bent or repositioned without breaking.

2. Cost: Platinum and Rhodium are precious metals. The cost of a Type B or S
thermocouple is significantly higher than base-metal alternatives, making recovery
and recycling of the wire an important economic consideration.
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3. Atmospheric Sensitivity: Using a Type C thermocouple in an oxidizing
atmosphere will result in the sensor burning up almost instantly. Conversely, using
noble metals in a reducing atmosphere without adequate protection can lead to
silica contamination from the ceramic tubes.

| Integration with Industrial Measurement Systems

In many B2B applications, temperature measurement is not an isolated
requirement. For instance, in high-temperature chemical reactors or molten glass
tanks, temperature data is essential for the accurate operation of other
instruments.

In level measurement applications, such as those involving radar or ultrasonic
sensors, the temperature of the gas phase above the liquid significantly affects the
accuracy of the reading. High temperatures change the dielectric constant of
gases and the speed of sound. By integrating very high temperature
thermocouples with advanced level measurement solutions, operators can achieve
precise volume calculations even in the most extreme thermal environments. For a
comprehensive look at how these technologies interface in industrial automation,
you can visit the Main Page of our technical resource center.

| Frequently Asked Questions (FAQ)

Q: Why can't | use Type K for 1,300°C if it is only for a short period?

A: While Type K can technically reach 1,260°C, at 1,300°C the wire undergoes
rapid oxidation and the metallurgical structure changes permanently. This results
in significant measurement drift, meaning the sensor might report 1,250°C when
the actual temperature is 1,300°C, creating a safety hazard.

Q: How often should high-temperature thermocouples be calibrated?

A: This depends on the process stability. In glass or semiconductor applications
where 0.5% accuracy is required, noble metal thermocouples are often calibrated
or replaced every 3 to 6 months. In less critical applications, yearly calibration is
standard.

Q: Can | use a Type B thermocouple in a vacuum?
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A: Yes, noble metal thermocouples (B, R, S) perform well in a vacuum. However,
you must ensure the ceramic insulation is high-purity Alumina to prevent the
migration of impurities into the platinum wires.

Q: What is the difference between Type R and Type S?

A: They are very similar. Type R uses 13% Rhodium, while Type S uses 10%. Type
R has a slightly higher EMF output, which provides marginally better resolution in
some older control systems, but for most modern applications, they are
interchangeable if the controller is programmed correctly.

| Conclusion

Selecting very high temperature thermocouples requires a balance between the
required temperature range, the atmospheric conditions of the process, and the
mechanical constraints of the installation. By understanding the differences
between noble and refractory metals and ensuring proper protection via ceramic
sheathing, engineering teams can maintain reliable process control in
environments exceeding 1,200°C. Accurate temperature monitoring is the
foundation of process safety and is a vital component when paired with other
industrial sensors for comprehensive facility automation.
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