
High temperature
High temperature is a relative term

We use high temperature in order to reach stability areas of new
phases and to increase reaction rates by increasing the mobility of
atoms, ions and species…

Problems related to instrumentation and equipment increases
exponentially with temperature

Methods



Measuring temperature

Oscillator 150 °C

Liquid filled thermometer 400 °C

Thin film thermometer 500 °C

IR thermometer ? °C

Thermocouple 1500 °C

Optical pyrometri 2500 °C

Electron beam

Ca. 100 kVA

Vacuum ca. 10-3 mbar

Protected cathode

Small scale in electron
microscopes

Needs a conducting sample



Electric arc

Up to 7000 °C

A small distance between cathode and anode 
makes it possible to use low voltage

The heat is generated by a large current

Resistance heating

Current is passed through a conducting material. 
Heat is generated by the electric resistance

The atmosphere is important

e.g. super kanthal to 1800˚C

Molybdenum

Graphite

May also use conducting oxides as heating elements 
(including transparent conducting oxides)



Induction heating

By sending high frequence current (AC) through
a copper coil, eddy currents are created in the
enclosed (conducting) material, which will heat 
up the material.

The copper coil is often a watercooled tube

May allow crucible-less heating of metals.

Sun-furnaces

Based on focused light. 

Surprisingly stable temperature (2700°C, 1 hour, ±
10 °C)

The sample may be in vacuum or inert gas



Artificial sun

An arc or lamp may be used as a light source for 
focused light furnaces. The temperature is not as 
high as by using sun light

Plasma torch

Temperatures of 8000 – 50 000°C

The plasma is produced by a strong electrical field across the 
gas, either arc or high frequency.

A fast gas stream prevents the current reaching the electrodes. 



Plasma II Plasma III

It is possible to create plasma in vacuum systems 
(0.1 – 1 mbar)

Use RF for producing the plasma

Often used to activate complexes.



Laser

The material should absorb radiation corresponding to 
the wavelength of the laser in order to create heat. (CO2

laser: 10.6 μm)

Often used in thin film methods (ablation).

Crucibles

Inert metal, Ni, Pt, Ir

Alumina

Zirkonia

Copper cooled crucible

Centrifuged crucible

Crucible-less melting (air stream, levitation)

Possible interdiffusion
with crucible material



Microwave

May be used for e.g. inorganic chalchogenides etc.

Metal must be crushed to small particles

Very fast heating (10 – 500 °C/min )

Used also for hydrothermal reactions and 
decomposition


