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Measurement of triple point of water temperature for improvement of the
national standards and key comparison

Inseok Yang"" and Young Hee Lee'

Abstract

The Korea Research Institute of Standards and Science (KRISS), a National Metrology Institute of Korea, participated in the second-
round of the international key comparison CCT-K7.2021 of triple point of water (TPW) cells. For the key comparison, three TPW cells,
one of which had been used in the old CCT-K7 comparison, were assigned as the national standard of the TPW. The temperature dif-
ference (47) between the average of the new and old national standards and AT between the new national standard and the transfer stan-
dard were measured. The comparison between the new and old national standards indicated a temperature increase of 69.5 K after both
the standards were corrected for the isotopic composition. The uncertainty of the national standard of the TPW temperature was 28 pK,
and the uncertainty of AT was 14 pK. Three aspects of improvements in the new comparison compared to the old one were noted: (1)
inclusion of two quartz cells in the national standard strengthens its long-term stability; (2) the standard deviation associated with the
measurement of A7 was reduced from 21 pK to 9.6 pK; (3) and the measured immersion profile of the TPW cells was much closer

to the theoretically predicted dependence.
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Measurement of triple point of water temperature for improvement of the national standards and key comparison

Table 1. Triple point of water cells measured in CCT-K7.2021.

. h D¢
Cell s/n Material Make Model
(mm) (mm)
2000-5*" Borosilicate KRISS 51-01-001 232 12
2002-7* Borosilicate KRISS 51-01-001 251 12
1680Q° Fused silica Isotech B11-65-270Q 237 11
Q1057" Fused silica  Fluke 5901C-Q 235 144
Q1060° Fused silica  Fluke 5901C-Q 232 144
*National standard used in CCT-K7
®National standard used in CCT-K7.2021
“Transfer standard used in CCT.K7.2021
‘Inner diameter of the thermometer well
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Fig. 1. Photograph of a water triple point cell and a thermometer
inserted for the measurement.
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Table 2. Configurations for the F900 resistance bridge used in the
measurement of CCT-K7.2021.

Property Value

5x10°
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10
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1mA and 1414 mA
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Fig. 2. Typical example of a measurement of one TPW cell in a set
of measurement
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Fig. 3. Temperature deviation of the measurement of each cell from

the average value of the national standards.
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Table 3. Temperature difference between the national standard and each TPW cell in two realizations of ice mantle. The values are in the unit

of pK.
Cell ID 2000-5 2002-7 1680Q Q1057 Q1060
1* mantel —-12.7+£9.9 —113.7+25.1 3.1 £ 159 159 + 10.0 6.3 £ 10.1
2" mantel —-15.6+ 6.1 —135.9+30.5 5.6+6.0 10.0+£5.7 47+£94
Avg. —-142 £ 8.2 —124.8£29.6 12 +£ 12,6 129 + 8.5 55+ 96
o] ATe] RFEHARE 9.6 pKolth. o] ¥FEHARE CCTKT 574 . - R
Ggale] ADE TEI|9 RS % pole] A B Table 5. Uncert'c.n.nty budget from 1mpur.1t?/ contents. and isotopic
composition for three cells comprising the national standard
ZAAQ) 21 pKe Awt olstolt}, 200213 =Hol ula)jA gt of TPW.
F 54 e 7leo] g AR & Utk component 2000-5 1680Q Q1057  Combined
Table 3914 & 4= 45=0] CCT-K79] AFE=HAE F A 2000-  Impurity s3 o s3 ”7
59} 2002-7¢] BFE CCT-K7.20219 #71E %L Aojslizy  contents (LK)
AHEE A Aol Fitol HlEle] 69.5 uK o Wk 2@d CCT-  Isotopic 1 3 7 4
K7 27 SAjo) 994 AL a1 ggpoma o] gy Smposiion LY
o] F7HEF S CCT-K7.20212 98] thr] g ske] A
T HETE47.1 pK o Erhal Holof git) webA CCT-K79] o|BAHOREE B of=He of ol eJate] £ A5
=7kl HlsiA CCT-K7.20219] =7kEEo] 1166 yK U 4 A S 25e @ do/t dess ¥ 32 2571 5
ST & F Utk =& o] Aole CCTK7¢] A#AE vtd AEW 2 71&7]= 1Tem § 7.3 pKeltt [2]. Fig. 4= A 2§
o2 KRISS7F @A BAratal Sl &9 A53e]l CMC &8 A Q10609 =& Zlolol tigh 2% S43s yehdl g zo]
B9l 02 mKH} T 2 Fojolch, o b A B2 W] S5 /1 F0R S, A 3 em
7M1= 1em, ©1F 13 emZHAE 2 em® WA 7)E 2529 &

4.2 &= 40| profile 58
2EA7F Bt o] Al o] AARE S A &
Q1317] QM e E= dolol tigh &&= 7l E Sl of gt

Table 4. Uncertainty budget of the national standard of TPW and the
difference between the national standard and the transfer
cell

u
(k=1)
(L)

Degree of

Uncertainty C t
ncertainty Componen Freedom

National Reference Cell
27
4

Impurity content
Isotopic composition
Residual gas pressure

Reproducibility

w 8 8 8

~

Comparison of transfer cell
Repeatability for a single ice mantle
Reproducibility for difference ice mantles
Hydrostatic head

SPRT self-heating

Standard resistor

A O = W AN

Resistance ratio bridge

—
—_

Perturbing heat exchanges

Standard Uncertainty (k = 1) 31
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Fig. 4. Immersion profile of the transfer triple point of water cell.
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