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4 e Abstract

Abstract

This paper is a part of guidelines, prepared on behalf of the Consultative Committee for
Thermometry, on the methods how to realize the International Temperature Scale of 1990.

It discusses temperature fixed points in radiation thermometry when used for the realization
of the International Temperature Scale of 1990 at high temperatures.
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Fixed Points for Radiation Thermometry

The International Temperature Scale of 1990 (ITS-90) is defined above the freezing point
of silver in terms of a defining fixed point and the Planck radiation law [Preston-Thomas
1990] in ratio form. The defining fixed points are the freezing points of Ag (961.78 °C), Au
(1 064.18 °C) and Cu (1 084.62 °C).

Specific design and construction of the defining fixed point cells vary. Crucibles are
constructed with a re-entrant blackbody cavity, the dimensions of which are designed to offer
the highest emissivity whilst remaining practical for use. For example a cavity of length

I=50 mm, aperture radius r =3 mm, and an assumed emissivity of 0.86 for the graphite
gives a calculated (isothermal) cavity emissivity of 0.999 64 [Yoon et al. 2007]. Alternatively
a cavity of length /=97 mm, radius 8 mm and aperture radius r=1.5mm also with an
assumed emissivity for the graphite of 0.86 gives a calculated (isothermal) cavity emissivity
0f 0.999 961 [Fischer and Jung 1989]. Ideally to ensure uniform temperature of the emitting

cavity during a melt or freeze, the crucible should be designed so that the melting or freezing
metal extends beyond the aperture. Although not essential, an aperture of material with
low emissivity metal, for example Rh, can be placed at the aperture of the cavity to assist
alignment of the pyrometer [Chu et al. 1994]. This should only be used if a low size-of-
source effect pyrometer is used in conjunction with the fixed point [Radiometric Temperature
Measurements 2010]. Figure 1 and Figure 2 show two typical fixed point designs.
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Figure 1 — Design of a Ag, Au and Cu fixed point crucible. The conical cavity has an
apex angle of 57° [Yoon et al. 2007].
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Figure 2 — Schematic design of a Au fixed point blackbody cavity andcrucible [Chu et
al. 1994].
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Primary fixed point crucibles are made from high purity graphite that once machined is baked
in a vacuum for further purification at >1 000 °C [Ricolfi and Lanza 1977]. The filling
process generally entails placing pure metal shot into the crucible or a filling hopper and
melting the metal with the crucible in a vertical orientation under vacuum. This process needs
to be repeated until the internal volume is almost full when the metal is liquid [Navarro et al.
1999]. Contamination of the metal sample and crucible should be avoided during the filling
process.

Metal samples of purity between 99.999 % (5N) and 99.999 9% (6N) are used, to avoid the
temperature of a freezing point of the substance being altered (almost invariably depressed)
by the presence of impurities, see Guide Section 2.1 Influence of impurities. Differences in
freezing temperature of less than 10 mKhave been found between samples of 5N and 6N Ag
[Mangum and Furukawa 1990, Fischer et al. 2003]. The amount of pure metal used in the

fixed point crucible varies dependent on design, but there should be sufficient material to
provide a useful freeze duration, and typical quantities of metals range from 0.5 kg to 1.5kg
[Ricolfi and Lanza 1977, Yoon et al. 2005, Bongiovanni et al. 1975].

. . . . . . . . . . 1) .
Fixed point blackbodies must provide a continuous liquid/solid interface around the cavity Atl’thoug}il;\’aieat P(lipes

. . . can be use Oor Au an

and as such need to be isothermal. Therefore, a suitable furnace design and set-up ought t0 ¢y point, their lifetime

be used for Ag, Au and Cu fixed point blackbody realisations to enable this requirement. i greatly reduced (from
~ 17 500 hours to ~ 1 000

hours) when operated above

work tube, however the user will need to investigate the effect of temperature control off-sets 1000 °C (http://www.l-act.

. . . . m/! items/view/87/
for the different zones to obtain the lowest thermal gradients. Alternatively, at least for the Ag ?CTnmilf;;;lj::;V Ultra

Modern multi-zone furnaces can offer a suitably uniform temperature distribution along the

fixed point realisation, a single zone furnace can be used with the inclusion of a sodium filled = High Temperature Heat

1 Pipes for Thermometry
[ Calibration_at_the

should be inserted into the furnace work tube or heat pipe to avoid contamination of the pure  Copper_Melting Point)

Inconel heat pipe' ' [McEvoy et al. 2003]. For both configurations, a quartz or an alumina tube

metal in the crucible from the surroundings. The blackbody crucible should be placed in the
tube in the region of highest temperature uniformity of the furnace. To prevent oxidation of the
graphite crucible, pure, inert gas, for example Ar (or N») must flow through the tube whilst the
furnace is in operation above about 450 °C. The flow rate of gas is generally slow, examples
being between (0.1 -0.2) I/minute [Yoon et al. 2007, Ali 2005], however exact requirements

will depend on design. Sometimes a water-cooled cap is placed at the ends of the quartz tubes
to enable an inert gas atmosphere to be maintained around the fixed point crucible before
use [Battuello et al. 2010]. In addition, sacrificial graphite rings can be placed either side of

theblackbody assembly to prevent any stray oxygen from reaching the crucible. Insulating
blocks in the work tube will further improve temperature uniformity along the blackbody
assembly. For an example set-up see Figure 3.
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Figure 3 — Schematic diagram of a Ag point assembly using a Naheat pipe [Ali 2005].
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In summary, a primary fixed point blackbody should be constructed and used with the
following properties:

e Designed with a high emissivity cavity, typically > 0.999 9.
o Filled with high-purity metal, at least SN.

e Constructed using high-purity graphite crucible.

¢ Contain enough metal to exhibit useful freeze durations.

e During the use of the primary fixed-point blackbody, measures should be taken to avoid
oxidation by using a high purity inert gas and the crucible protected using sacrificial
graphite pieces.

e The furnace environment should be as uniform as possible around the fixed point crucible
to facilitate flat freeze plateaus.
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