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Realization of Triple Point of Ne, Oz Ar, Hg and HxO for International

Comparison of Capsule-type Platinum Resistance Thermometer
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Abstract

Triplée points of high purity materials have been used to calibrate primarily the capsule-type platinum
resistance thermometer (PRT) in the temperature range of the triple point of equilibrium hydrogen
(13.8033 K) and water (273.16 K). In this work, triple points of Ne, Os, Ar, Hg and H:O except for the
triple point of equilibrium hydrogen were realized to establish the International Temperature Scale of
1990 (ITS-90). At each fixed point, two capsule-type PRTs, which were selected for the international
comparison, were tested two times. The combined uncertainties of the realization of each triple point
were calculated considering the type A and type B evaluation. In Korea Research Institute of
Standards and Science, the combined standard uncertainties of the defining triple points by the 1TS-90
were estimated to about 0.18 mK for Ne, 0.14 mK for O 0.14 mK for Ar, 024 mK for Hg and 0.11
mK for H:0, respectively.
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Fig. 1. Schematic diagram of the open type
cryostat for the realization of triple points.
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triple points of Ne, Oz and Ar.
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Table 1. Resistance thermometer readings in the fixed points {corrected for self-heating and hydrostatic

effects of water and mercury cells).

Platinum Resistance Thermometer L&N, S/N 1836906

Order |  Lriple R/Q Rey/Q Ry/2 Hydrostatic Head
Point I =1 mA) I =42mA) (I =0 mA) Effect Correction
dR=+0.000019
1 H0 25544369 25.544479 25544259 25544278
2 25544369 25.544479 25544259 25544278
3 0. 2345444 2.345454 2345434
4 2 2.345446 2.345456 2345436
5 Ar 5516332 5.516390 5516274
6 5516348 5516408 5516288
7 N 0.217718 0.217718 0.217718
8 € 0217718 0217718 0217718
H0 dR=+0.000019
9 ‘ 25544375 26544485 25544265 25544284
dR=~0.000106
10 R 21563714 21.263824 21563604 21.563498
Hg 21563701 21.563811 21.563591 21.563485
11 21563714 21563824 21.563604 21.563498
21.563702 21.563812 21.563592 21.563486
o dR=+0.000019
12 - 25544364 25544474 25544254 25544273
Platinum Resistance Thermometer L&N, S/N 1043
Order Triple R/2 R, 2/ 2 Ry/2 Hydrostatic Head
Point (I=1mA) I-= /2 mA) (I =0mA) Effect Correction
dR=+0.000019
1 H-0 25410857 25410017 25410797 25410816
2 25.410857 25.410027 25410787 25410806
dR=-0.000106
3 21.450922 21.450994 21.450850 21.450744
He' 21.450897 21.450969 21.450825 21450719
£ 21.450914 21.450986 21.450842 21.450736
4 21450812 21.450084 21.450840 21.450734
21.450904 21.450976 21.450832 21.450726
5 Ne 0.216367 0.216367 0.216367
6 0.216366 0.216366 0.216366
7 0 23327719 2.332789 2.332769
8 2 2.332779 2332785 2.332769
Ar ::)\487176 5487196 5487156
9 5487182 5487202 5487162
dR=+0,000019
10 25410860 25410913 254108007 254108026
H.0 25410862 25.410922 25.4108002 25.4108021
11 25.410862 25.410922 25.4108002 25.4108021
25.410862 25.410922 25.4108002 254108021

* The Hg point was calibrated by a comparison method
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Table 2. Mean resistance thermometer readings in

the fixed points with no current.

Platinum Resistance Thermometer L&N 1886906

I:;:(: Temperature/K | Resistance/2 Re;iz?:ce
Ne 24,5561 0217718 0.00852316
Oz 54.3584 2.345435 0.0918184
Ar 83.8058 5516281 (.2159498
Hg 2343156 21563492 0.8441615
H:0 273.16 25544273 1.0000000

Platinum Resistance Thermometer L&N 1043

i Resist:
Fufed Temperature/K | Resistance/2 ests tamce
Point Ratio

Ne 245561 0.216367 000851476

O 54.3584 2.332769 0.0918022

Ar 83.8058 5.487159 0.2159379

Hg 234.3156 21.450733 0.8441574
H:0 273.16 25.410822 1.0000000
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Table 3. Uncertainty budget for capsule-type platinum resistance thermometers (L&N, S/N 1886906
and S/N 1043).
Substance Ne O Ar Hg' H:0
Purity 4N4 4N8 5N5 TN8 -
Type B mK mK mK mK mK
1. Impurities and isotopic differences 0.15 0.10 0.05 003 003
2. Determination of triple point, hydrostatic 0.05 0.05 0.05 0.05 0.05
effect and self-heating correction
3. Accuracy of bridge, standard resistor 0.05 0.05 0.05 0.05 0.05
accuracy
Sub-total 017 0.12 0.09 0.08 0.08
Type A mK mK mK mK mK
1. Bridge reading 0.05 0.05 0.05 0.05 005
2. Plateau reproducibility 0.05 0.05 0.10 0.10 0.05
3. Scatter of measurements 0.20
Combined Total 0.18 0.14 0.14 0.24 0.11
* The Hg point was calibrated by a comparison method.
s 71719 As 2 549 dg et YA, A F& R 2o AFHAM FHFFEREE 47 018
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