





































































































laboratory

[TLab ref = 7—BIPM ref]

standard uncertainty

NPL -0,030 0,045
NIST 0,091 0,040
INM Fr. 0,088 0,063
IMGC 0,049 0,089
VNIIM -0,046 0,051

Table 23. Temperature difference between the reference cells belonging to the national
laboratories and the BIPM reference cell (indirect comparison).
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Figure 12. Difference in temperature A7 = (Ti;p ref - TpiPMref ), €tween the national reference

cells and a BIPM reference cell (indirect comparison). Uncertainty bars represent the 1o
uncertainty.

6.4 Conclusions

The results plotted in Figure 10 and Figure 11 show that seven laboratories,
using similar or different procedures and facilities, agree within their standard uncertainties
(1o0) when measuring temperature differences between cells of different origin. The only
exception is the last temperature measurement with PT2R in October 1995 at the BIPM, but is
clearly due to a significant change of the cell. The consistency between the results reported by
the laboratories is so close that it is evident that the uncertainties reported by most of the

individual laboratories are too large. The laboratories report individual studies of the influence
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parameters. From the analysis of these reports it is not possible to draw conclusions about the
influence parameters which have the strongest effects. A closer investigation is required.

The temperatures at which the triple point of water is realized are generally within + 0,1mK
of one another, but larger differences are sometimes observed. This means that if significant
discrepancies were to be observed among the national temperature scales, the source of the
disagreement could well lie in the realization of the triple point of water cells. These results
also show that uncertainties arising from the reproducibility of the triple point of water are
significant when attempting to establish a temperature scale at the highest level of accuracy. It
could so be wise for a national laboratory to maintain a set of cells of different origin to avoid
systematic differences with other scales, as well as to detect any possible abnormal behaviour
of the triple point cells. The systematic use of a gallium cell [S, 6] is an alternative way to
check stability, as the repeatability of the gallium point has shown to be at least as good as that

of the most stable triple point of water cells.

APPENDIX 1. GROUP 3

The six other laboratories not included in the circulation scheme sent one or
two cells to the BIPM where they were compared with the common reference cell and to the
travelling cells. They were also invited to answer the questionnaire sent to the participants in
groups 1 and 2. Some of these laboratories also included results of measurements related to the

comparison. Abstracts from these reports are given at the end of the Appendix 1.

Al.1 Comparisons of cells from Group 3 at the BIPM

Group 3 cells were compared with BIPM reference cell PT131, following the
procedures developed for Groups 1 and 2. For this reason, the results of the comparisons
(Teent - Trer) for the three groups are plotted on the same graph in Figure 13. The values given
for Groups 1 and 2 are those measured before circulation.

The uncertainty bars correspond to the BIPM standard uncertainty of 0,04 mK. Shown on the
right side, the values measured for the cells from Group 3 agree among themselves with the
travelling cells and with the additional reference set to within +0,1 mK [7]. A clear exception is
the cell sent by the INMETRO, which lies about 0,5 mK lower than the others. According to
INMETRO this cell does not differ significantly from its other references. This means either
that the cell was damaged during transport or that all the INMETRO cells are low in

temperature.
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The results also show that cells from the same laboratory do not necessarily agree closely. A
difference of 0,12 mK was measured between the two cells sent by the NMi, and one of
0,17 mK between the cells sent by the IPQ.

Cell (Tcen = Tret)
/[ mK
NPL 723 0,060
NPL 712 -0,037
(ETL) J2 0,065
1984(NIST-type) 0,107
2011(NIST-type) 0,111
IMGC 34 0,068
VNIIM 2R -0,128
VNIIM 4R -0,188
KRISS 1 0,109
KRISS 2 0,096
MSL 82/2 0,033
MSL 84 7 0,038
IPQ 033 0,033
IPQ 299 -0,137
SISIR 0,064
INMETRO -0,526
NMi 94T214 0,043
NMi 89T084 -0,075
INM Rom. -0,071

Table 24. Groups 1, 2 and 3: temperature differences between the cells and the BIPM
reference cell.

32



17

AT | mK

0,20

0,15
005+ 1 -

0,00 +
-0,05 +
-0,10 +
-0,15

- 0.53 mK

-0,25

: ' i { # : : : % : ' 1 t : : : | : i
© o~ o~ — < o — o M~ :
9 ¢ 8 3 £ 3 K x - o4 o9~ g @z £ O = 3 g
~ M~ — o o O o © = o~ () (3 = o
- _ - = N 3 = = & 0 i 2 o o o vy == =
o o w <u o = > > 14 o o o a a = o 5} =
z =z = 2 o =2 X X = = = = - - =

= = pd =z
w
2 Z

Figure 13. Groups 1, 2 and 3: temperature differences measured at the BIPM between the cells and the BIPM reference cell.

AT = (T.n - Tomerer). Uncertainty bars represent the 1o uncertainty.




AL.2 Group3: abstracts from the laboratory reports

Al.2.1 MSL

The MSL sent two triple point of water cells first to the NMi, which compared
them to two of its own reference cells. Four cells (two from the MSL and two from the NMi)
were then sent to the BIPM. The cell MSL84/2 was not manufactured at MSL and known to
have some preparation dependence. It was submitted as an example of a suspect cell of
unacceptable quality to MSL.

Storage apparatus: cells are maintained under ice in a large self-draining vacuum flask. The
assembly has a lid which shields the thermometer from any radiation and a piece of black felt
covers its head.

Measurements begin ten days after formation of the ice mantle to allow all the ice crystals
around the mantle to fully anneal.

Instrument types: ASL F18 bridge at 0,02 Hz. Currents : 1mA and V2 mA.

Standard resistor: Wilkins type maintained in a temperature controlled bath with a long term
stability better than 0,02 K

Thermometer: The thermometer was not specified.

Comments: The MSL is the only laboratory giving an extensive uncertainty budget on the
realization of the triple point, including information on the purity and on the isotopic
composition of the water it used to fill its cells. This water has a slightly lower concentration of
heavy isotopes [8] than mean ocean water, which depresses the point by 40 pK (with a

standard uncertainty of 20 uK).

Al.2.2 IPQ
The TPQ sent two cells to the BIPM.
Date of fabrication of the IP() cells: 1968 for the cell No 299
1995 for the cell No 033.
Storage apparatus: Yellow Spring bath, type 18233, controlled at + 0,007°C.

Preparation of the triple point of water cells: cells are cooled with crushed solid COs,.

Measurements begin 30 minutes after insertion of the thermometer into the well. A black cloth
is used to protect the thermometer from radiation. Measurements are recorded with a chart

recorder.
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Instrument types. ASL F18 bridge. Currents : 1mA and V2 mA or 2 mA and 2V2 mA.
Standard resistor: Tinsley 25 or 100Q2 controlled at 20°C.

Thermometer: Tinsley or Yellow Spring.

Comments: IPQ cell No 299 was compared with BCR cell No 643 in May 1994 and with
EUROMET cell No 679 in May 1995. The EUROMET results will be published in 1996 by the
INM (France), the pilot laboratory.

A1.2.3 SISIR
The SISIR sent one cell to the BIPM.

Storage apparatus: cells are stored in a temperature controlled bath.

Preparation of the triple point of water cells: The lower parts of cells are cooled with crushed
solid CO; in alcohol, the upper parts by freon gas cooled by liquid nitrogen.

Measurements begin 2 days after preparation. An ice-water interface is formed before
measurements. Sufficient time is allowed for the thermometer to reach equilibrium in the cell.
Protection of the triple point of water cell from light and thermal radiation is provided during

measurements. At least two sets of readings are taken with twenty readings for each cell.

Instrument types: model 6010A DC bridge from Measurement International. Currents: 1 mA
and V2 mA.

Standard resistor: Tinsley 252 maintained in a oil bath at 23,0 °C within + 0,05 °C.
Thermometer: The thermometer was made by NIM.

Comments: The bridge is calibrated before measurements.

A1.2.4 INMETRO

The INMETRO sent one cell to the BIPM.
Storage apparatus: Cells are stored in a temperature controlled bath from ISOTECH model
ITL-M-18233.
Preparation of triple point of water cells: cells are prepared using dry ice or liquid nitrogen.
The process takes 4 hours. Once the mantle is ready and the well of the cell cleaned, a small
amount of alcohol is poured into the well to improve the thermal contact.

Measurements: data are taken by hand.

Instrument types: Guildline bridge model 9975. Currents: 1 mA and V2 mA.
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Standard resistor: Guildline model 9330 kept in a controlled bath Guildline model 9732 VT at
20°C.
Thermometers: Rosemount model 162 CE and Tinsley model 5187SA.

Comments: No significant difference was noticed at the INMETRO between the two cells kept

in its laboratory.

Al.2.5 NMi

The NMi sent two cells to the BIPM.
Date of fabrication of the NMi cells: 1994 for the cell No VSL 94T214
1989 for the cell No VSL 89T084.
Storage apparatus: cells are stored in a temperature controlled bath made by NMi. A wooden

lid with three further layers of polystyrene foam attached to its under side covers the bath.

Preparation of the triple point of water cells:.

Each cell is precooled for at least 4 hours, typically for over one day. To form the ice mantle,
the cell is cooled with a special system of two concentric tubes which allow liquid nitrogen to
flow through the thermometer well. Alcohol is used in the thermometer well to ensure thermal
contact. The freezing process takes approximately 15 to 25 min. The ice mantle diameter is

approximately 35 mm.

Measurements begin one day after the preparation. A mixture of water-glycol is poured into
the thermometer well to the same level as the water in the cell. An ice water interface is formed
before inserting the thermometer into the cell. A black cloth prevents the cells from exposure

to light during measurements.

Instrument types: ASL F18 bridge. Currents ImA and V2 mA.
Standard resistor: Tinsley Wilkings 25€.

Thermometers: made by L&N, Rosemount and Tinsley.

Comments:
The NMi sent a detailed report on experiments concerning its thermometers, its experimental

procedures and on the comparisons made between its cells and the cells from the MSL before

they were sent to the BIPM.
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cell (Teen = Tronat reference) Uncertainty (2 o level)
/ mK / mK
VSL 94T214 0,05 0,06
VSL 89T085 -0,07 0,07
MSL PEL847 20,01 0,08
MSL 84/2 0.22 0,04

Table 25. Temperature difference measured at the NMi between MSL and NMi cells, and a
NMi reference cell.

The NMi’s report concludes that the difference between the NMi’s local cells and the
New-Zealand PEL847 cell is not significant, but that cell MSL 84/2 has a significantly lower
realization temperature.

The BIPM received three of these cells: VSL 94T214, MSL PEL847, MSL 84/2, plus
VSL 89T084. Comparison of the temperature differences measured by the NMi and the BIPM

show:

-that neither laboratories found significant difference between the cells VSL94T214 and
MSL PEL847.
-that repeated experiments at the BIPM showed no significant difference between MSL

PEL847 and MSL84/2, whereas the NMi measured a discrepancy of more than 0,2 mK.

It should be noted that the NMi found a value of 0,12 mK for (7vsLost214 - Tvsisoross), (see
Table 25) and the BIPM found the same value for cell VSL 89T084. Since cells VSL89T085
and VSL89T084 are of identical design and construction it is reasonable to suppose that the
cell MSL84/2 may really have changed its reference temperature. This behaviour is consistent

with the behaviour observed by the MSL.

Al.2.6 INM (Romania)

The INM sent one cell to the BIPM
Date of fabrication of the INM cell: 1970.
Storage apparatus: Cells are stored in slush ice (without plastic container).

Preparation of triple point of water cells: Cells are cooled with CO, in alcohol. The process

takes 10 to 20 minutes.
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Measurements: Data acquisition is manual with more than 10 measurements.

Instrument types: Guildline bridge type 9975. Currents : 1mA and V2 mA.

Standard resistor: 10Q2 Russian made with temperature correction.

Thermometer: Tinsley.

Comments: No significant difference was noticed at the INM between the cells kept in its

laboratory (maximum difference of 10 K).

APPENDIX 2. STRANGE BEHAVIOUR OF SOME CELLS

During the course of the comparison, three cells exhibited behaviour [9, 10] for

which no explanation has been found.
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Figure 14. Strange behaviour of PT712. Temperature difference AT = (Tp1712 - Themiret)
measured at the BIPM. Standard uncertainty: 0,04 mK.

Figure 14 shows that the temperature of the cell PT712 was stable in June 1994. In 1995, it

was again compared with reference cell PT131. During this second period, it drifted rapidly,
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its temperature decreasing by more than 1 mK in 10 days. The other three cells taking part in
this comparison remained perfectly stable. The first explanation proposed was that the cell was
leaking, but no visible damage was found. The ice mantle had been made the same way as for
the other cells and showed no visible defect.

When the cell was checked again in October 1995 it had, surprisingly, retrieved its previous
value. The values found in June 1995 were discarded, but no satisfactory explanation has been
discovered.

Other cells showed significant instabilities: see Figure 15 and Figure 16. Here again, other cells
measured at the same time were stable. The case of PT494 (the INMETRO cell) is different

from the others, as it is both unstable and very low in temperature.
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Figure 15. Strange behaviour of the PT299 cell. Temperature difference AT = (Tpra99 - TppMre)
measured at the BIPM. Standard uncertainty: 0,04 mK.
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Figure 16. Strange behaviour of the PT494 cell. Temperature difference A7 =(Tpr404 - Tompmrer )
measured at the BIPM. Standard uncertainty: 0,04 mK.

Cell MSL 84/2 behaved similarly (see paragraph A1.2.5): its temperature probably increased
by about 0,2 mK when transported from the NMi to the BIPM.
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List of acronyms used in this report

BIPM Bureau International des Poids et Mesures, Sevres (France)

ETL Electrotechnical Laboratory, Tsukuba (Japan)

IMGC Istituto di Metrologia G. Colonnetti, Turino (Italy)

INM Institut National de Métrologie, Paris (France)

INM Institutul National de Metrologie, Bucuresti (Romania)

INMETRO National Institute of Metrology, Standardization and Industrial Quality (Brazil)

IPQ Portuguese Institute for Quality, Monte Da Caparica (Portugal)

MSL Measurements Standards Laboratory, Lower Hutt (New Zealand)

KRISS Korea Research Institute of standards and Science, Taejon (Rep. of Korea)

NIM National Institute of Metrology, Beijing (People's Rep. of China)

NIST National Institute of Standards and Technology, Gaithersburg (USA)

NMi/VSL Nederlands Meetinstitut, Delft (The Netherlands)

NPL National Physical Laboratory, Teddington (UK)

PTB Physikalisch-Technische Bundesanstalt (Germany)

SISIR Singapore Institute of Standards and Industrial Research (Singapore)

VNIIM D.I. Mendeleyev Institute for Metrology, Saint - Pétersbourg (Russia)
List of participants and contact persons

NPL M.V Chattle and Miss J.Butler

NIST G.F. Strouse and B.W. Mangum

KRISS Kee Hoon Kang

IMGC P. Marcarino and R. Dematteis

MSL R. White and J. Nicholas

VNIIM Mrs A.G. Ivanova and A.I. Pokhodun

SISIR Cheong Tak Leong

IPQ Mrs E. Filipe

INM (France) Mrs E. Renaot, M. Elgourdou and G. Bonnier

NMi M.J. de Groot

INMETRO P.R. da Fonseca Santos

INM (Romania) Mrs S. Tanase-Gaita, Mrs C Niculescu and Mrs F. Ionescu
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