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Intralaboratory Comparison of the Realization of the Triple-point Temperature
of Mercury

Inseok Yang"" and Young Hee Lee'

Abstract

An intralaboratory comparison of the realization of the triple-point temperature of mercury, which is defined as —38.8344 °C on the
international temperature scale of 1990 (ITS-90), was conducted at the Korea Research Institute of Standards and Science (KRISS), the
national metrology institute of Korea. To this end, four triple-point-of-mercury cells were compared using the resistance ratio mea-

surement of a standard platinum resistance thermometer to validate the calibration results obtained using the triple-point-of-mercury cells
at KRISS. The triple-point temperatures of all the four cells, one of which is designated as the national standard cell, were within 0.3
mK of the national standard. Based on 13 experiments on the four triple-point-of-mercury cells, the uncertainty in the comparison of

the triple-point-of-mercury cells was 0.08 mK, and the uncertainty in the realization of the triple-point temperature of mercury was 0.19

mK. The results of the intralaboratory comparison validated that utilizing any of the four triple-point-of-mercury cells would result in

the realization of a temperature within 0.3 mK of the average value determined by two key international comparisons for the realization

of —38.3844°C following the ITS-90.

Keywords : Triple point of mercury, Intralaboratory comparison, International Temperature Scale of 1990, Validity of results
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Table 1. Triple point of mercury cells measured in this intralabo-
ratory comparison

Cell ssm  Make Model Year® I\;(;rgi;bal (mitln)
HgS02-1° KRISS KRISS Hg 2002 N 155
HgP02-1  KRISS KRISS Hg 2002 N 155
Hg015° Isotech  M-17724 1990 N 180
Hg246 Isotech ~ M-17724 2012 7N5 200

“Year of fabrication or purchase

7N = 99.999 99%, 7N5 = 99.999 995%
“National standard used in CCT-K9
*National standard used in CCT-K3
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Fig. 1. Change of monitoring SPRT resistance at the triple-point-of-
water throughout this comparison.
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Fig. 2. Typical realization of triple-point-of-mercury and how begin-
ning and end of melt were defined.
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Fig. 3. Typical full melting curve of the triple-point state of mercury
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Table 2. Resistance of the SPRT at mercury- and water-triple-points
during the intralaboratory comparison

MNess Cell ID Ry, (@) Risw (Q) W

1 TPW 25.543 6986

2 He2d46  21.563 2706 0.844 171 87
3 TPW 25.543 7035

4 HeS02-1  21.563 2982 0.844 171 78
5 TPW 25.543 6962

6 Hg0l5 21563 2982 0.844 172 95
7 HgP02-1  21.563 2823 0.844 172 33
8 TPW 25.543 6980

9 Hg246 21563 2754 0.844 172 09
10 TPW 25.543 6942

1 HgS02-1  21.563 2678 0.844 171 89
12 Hg0l5 21563 2995 0.844 173 13
13 HgP02-1  21.563 2769 0.844 172 25
14 TPW 25.543 6924

15 He246 21563 2749 0.844 172 16
16 HeS02-1  21.563 2744 0.844 172 14
17 Hg0l5 21563 2967 0.844 173 01
18 TPW 25.543 6946

19 HgP02-1  21.563 2800 0.844 172 30
20 HegS02-1  21.563 2692 0.844 171 87
21 TPW 25.543 6961
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Fig. 4. Full melting curves of triple-point-of-mercury realizations of the four mercury cells in this work.
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Table 3. Average difference Az of each cell from the national ref-
erence cell HgS02-1 and its standard deviation of mea-

surement
Cell s/n Average At (mK) Standargtd(emvgion of
HeS02-1 0 0.038
HgP02-1 0.091 0011
Hg015 0.275 0.022
Hg246 0.029 0.038

At from full immersion (mK)

-0.5 A O Hg015
—— hydrostatic head
_06 T T T 1

0 2 4 6 8
Distance from full immersion (cm)

Fig. 6. Immersion profile of Hg015 mercury cell.
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Table 4. Uncertainty budget of the measured 4¢ and the temperature
of the national standard cell of the triple-point-of-mercury

Uncertainty Component “ (EEK:)])

Comparison of cells

Repeatability of realization 0.022
Hydrostatic head 0.071
SPRT self-heating 0.001
Resistance ratio bridge 0.006
Perturbing heat exchanges 0.025
National reference cell

Impurity content 0.114
Hydrostatic head 0.071
Repeatability of realization 0.022
Width of plateau 0.131
Perturbing heat exchanges 0.025
Standard Uncertainty (k = 1) 0.21
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