Which thermocouple type should | choose for high temperatures?

There are a number of standardised ther-
mocouple types which can measure
high temperatures over 1000 °C. Which
ones are they and what are the criteria
for choosing the most appropriate one?
Here are some suggestions of relevance
toenvironments such as hightemperature
furnaces and boilers..

According to the IEC 60584 standard, the
thermocouples which can measure tempe-
ratures over 1000 °C in an oxidising environ-
ment are the base metal types K and N plus
the noble metal types S, R and B. ‘Noble’
means that platinum is alloyed with rhodium
in various proportions and incorporated into
the thermocouple wires. Tungsten-rhenium
type C and D thermocouples are intended
for use in high temperatures in reducing
environments and vacuums.

Thermocouples degenerate

The maximum temperature is not the only
factor determining the choice of sensor type.
The measuring environment degrades sen-
sors, partly by mechanical action and partly
by chemical attack. At high temperatures a
metal sheathis not completely sealed against
penetration by unsuitable molecules, which
can combine with the wires and degenerate
the output signal significantly faster than at
lower temperatures.

The thermocouple’s own components
can also begin reacting with the wires at high
temperatures. For best results, the noble
metal types R, S and B require extremely

Figure 1: A typical construction of thermocouple
types R, S and B. The measurement insert con-
tains noble metal wires with a diameter of 0.5
mm for a longer operating time. The ceramic in-
sert is protected by an outer bottomed ceramic
tube. A steel neck provides stability and the at-
tachment for a screw fitting, flange or similar.
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pure ceramic (Al,0,) in order to insulate the
wires from each other, followed by an outer
bottomed protection tube. Seefigure 1. Inthis
case, 00, the thermocouple’s degeneration
rate is determined largely by the degree of
purity of the insulation rods and protection
tubes.

Metal sheathed cables

Metal sheathed cables, called sheathed
thermocouples, are most frequently used
with types K and N. The metal casing, insu-
lation and wires can themselves interact at
highertemperatures and thereby degenerate
the output signal. See figure 2. The metal is
often Inconel 600 and the insulation consists
of densely compressed magnesium oxide
(MgO) plus a small proportion of impurities.
MgO has many excellent properties but
loses its insulating ability with increasing
temperature [Ref 1].

Countlesstrace elements are also present
in the thermocouple wires, especially in type
K, and can degenerate the readings. This
fact, together with the impaired insulating
properties at high temperatures, means that
the base metal thermocouples K and N are
limited in terms of their practical use to ap-
proximately 1200 °C, which is close to the
metals’ melting point. Diameters under 4.5
mm should be avoided. It is possible to use
outer protection tubes made of high tem-
perature steel to extend the operating time.

TheplatinumthermocouplesR, SandBare
also available in the form of metal sheathed
cables. The construction is similar to that

Figure 2. A sheathed thermocouple in cross sec-
tion. The sheath thickness is approx. 0.1D and
the wire diameter approx. 0.2D. Versions with
double separate thermocouple circuits also exist.

of base metal thermocouples, with sheaths
that can be made of Inconel 600 or platinum.

Determine the operating time

In addition to being more precise than the
base metal thermocouples, the noble me-
tal thermocouples R/S and B cost more,
mostly because of the platinum. However,
the noble metals do have a significant scrap
value. The required ceramic is sensitive to
sudden changes of temperature and me-
chanical damage. If you are measuring at
around 1000 °C it may be worth making a
comparison with base metal thermocouples
such as N or K. In situ calibration is a good
way to determine the operating time after
which a thermocouple degenerates outside
a deviation which is acceptable to the user.
[Ref 2]. If the operating time is long enough,
more frequent replacement of base metal
thermocouples can be more economic than
using noble metal thermocouples.

Figure 3 shows the tolerances for the
relevant thermocouple types. Tolerance
deviations can be calibrated away to some
degree. Thermocouple types K and N should
not be calibrated but should instead be re-
placed with new ones [Ref2]. Types R, Sand
B are more stable than the base metal ones
at corresponding temperatures. However,
calibration can be beneficial. As we have
seen, the choice of high temperature sensor
depends on many factors. ®
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Figur 3

Figure 3.Tolerances for thermocouple types K, N, R/S
and B in classes 1 and 2 in accordance with IEC 60584

for temperatures above 0 °C. Note that the measuring
ranges have different limits. Types R and S have a
shorter lifetime above 1300 °C. Type B is only available
as class 2 and the signal level only begins to increase
from close to zero at 600 °C. However, in compensa-

tion, ordinary copper wires can be used from the ter-
minal head to the measuring equipmen
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