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1.Introduction

EUROMET. Project 552 was initiated by EUROMET dgrits meeting in March 2000. It was
defined as the comparison of the European locdisatimn of ITS-90 from the triple point of Ar
(83,805 8 K) to the freezing point of Zinc (692,6KY using long-stem SPRTs. This project was
intended to be the Regional Key comparison corneding to CCT-K3.

All the participants have globally agreed the wamsi3 of the technical protocol during the
EUROMET meeting in March 2001. Nevertheless, ineortb take into account the suggestions
coming from some participating laboratories an “adment to the technical protocol” was
established in April 2001. The technical protoaadther with the amendment has been sent to the
participating laboratories and to the CCT-WG7 amnain on May 2001. These documents received
the approval of all the participants. The EUROMHE®j@ct 552 was agreed by the CCT-WG7 as a
Regional Key comparison corresponding to CCT-K3wad named EUROMET.T-K3.

The comparison involved the 6 NMiIs previously inked in CIPM key comparison CCT-K3
(BNM-INM/CNAM, SMU, IMGC, NMi-VSL, NPL, PTB) and 18uropean national laboratories.
The comparison was divided in five different loogsordinated by a co-pilot chosen among the
laboratories having participated to the CCT-K3 cangon. BNM-INM/CNAM played the role of
pilot in establishing the link between the five pgo

Summary of the Work programme and the Calibration protocol:

Work programme

1. The Co-pilots calibrated two SPRTs accordingthe protocol and hand-carried one to
BNM-INM/CNAM for the linking calibration

2. On the return of the thermometer, the Co-pitetaked it before taking it to the first laboratany
its loop. If the result of the check showed a latktability of the first SPRT , the second SPRT
was hand-carried to BNM-INM/CNAM for calibration.

3. The patrticipants in each loop calibrated thentoeneter and took it to the next laboratory

4. The Co-pilot carried out a final calibration.

Calibration protocol

After initial measurements of R(tpw) and succesafulealing treatment, each calibration consisted
of three measurements of R(t) at each fixed painseparate realisations. Each measurement was
followed by a measurement of R(tpw). The ordenx#d points was Zn, Sn, In, Ga, Hg, Ar, but if a
fixed point was not available, it was omitted. &duof W(t), and the average values, were
calculated. The results were reported to the Cat-gahd BNM-INM/CNAM, with uncertainty
budgets and other specified data.




1.1 Scheme of the organization of the comparison

1 only for measurements at Hg and In fixed po{se the Protocol Appendix A)
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2. Protocol

The Protocol of the EUROMET Project 552 (cf Appendi) has been sent to the co-pilots, to all
participants and to the CCT-WG 7. In order to take account the comments of the participants
the Protocol has been completed by one “Amendméft”’Appendix). All participants have
approved them (Protocol + amendment) before thesamements began. The EUROMET project
552 has been accepted by the CCT-WG7 as the redi@aorresponding to CCT-K3 with the
name “EUROMET.T-K3".

Due to different reasons (technical or otherwisaydas not possible to follow the provisional time
schedule. The corrected schedule of comparisosison below. It takes into account the delay of
some laboratories in the sending of their report.

Loop 1 (co-pilot SMU, participant: BNM-INM/CNAM, OM)
From March 2003 to July 2004

Loop 2 (co-pilot IMGC, participants: BNM-INM/CNAMCEM, METAS, BEV, MIRS/FE-LMK,
IPQ)
From January 2001 to August 2004

Loop 3: (co-pilot NMI-VSL, participants: BNM-INM/CHAM, MIKES, DTI, SP, VMT/PFI)
From January 2001 to January 2004

Loop 4: (co-pilot PTB, participants: BNM-INM/CNAM;UM, CMI, INM, UME)
From January 2001 to November 2003

Loop 5: (co-pilot NPL, participants: BNM-INM/CNAM]V, EIM, SMD, NML)
From September 2003 to October 2004

3. Devices used in the comparison

In preparation for the comparison the co-pilotesidd and calibrated two SPRTSs.
One of these SPRTs was sent to BNM-INM/CNAM foilmaition.

BNM-INM/CNAM received the 5 circulating SPRTs onrBig 2001 and calibrated them from June
2001 to January 2002. A BNM-INM/CNAM thermometersaiacluded in this calibration run (only
for Ga, In, Sn and Zn fixed points).

Table 1 : List of the SPRT included in the first céibration run by BNM-INM/CNAM

Co-pilot or Pilot Circulating SPRT
PTB YSI 8167 — 25 n° H99S4807
NMI-VSL Tinsley 5187 n° 274686
NPL Tinsley 5187 n° 275079
IMGC Hart scientific 5681 n° 1283
SMU Hart scientific 5681 n° 1256
BNM-INM/CNAM Leeds & Northrup n° 1825320

The SPRTs were returned to the co-pilots. Then, dbpilots determined again the reduced
resistance values at Ga and Zinc points in ordehézk the SPRT stability.
9



The stability tests didn’t show significant instéi®s for the thermometers provided by PTB, NMI-
VSL and IMGC. Consequently, the circulation of 82RTs started in the corresponding loops on
the beginning of 2002.

Unfortunately, substantial differences were obsgraethe zinc point for the SPRT furnished by
SMU and at the zinc and tin points for the SPRTpied by NPL (temperature changes as large as
2 mK). So, after discussions between these cospdotl the BNM-INM/CNAM, it was decided to
use the second SPRT calibrated by NPL and SMU.

Due to practical difficulties BNM-INM/CNAM receivelPL’'s new SPRT on December 2002 and
the SMU’s SPRT on May 2003. In order to limit thelay of the comparison, these new SPRTs
were calibrated in two different runs. The BNM-INMNAM 1825320 thermometer was included

in these calibration runs (only for Ga, In, Sn @mdfixed points).

Table 2 : List of the SPRTSs included in the seconchlibration run by BNM-INM/CNAM
(December 2003 to February 2003)

Co-pilot or Pilot Circulating SPRT
NPL Tinsley 5187 n° 269586
BNM-INM/CNAM Leeds & Northrup n° 1825320

Table 3 : List of the SPRTSs included in the third alibration run by BNM-INM/CNAM (June
2003 to September 2003).

Co-pilot or Pilot Circulating SPRT
SMU ISOTECH 670 n° 036
BNM-INM/CNAM Leeds & Northrup n° 1825320

By reading tables 9 and 5, one can note that #i®lity of the SPRTs Tinsley 269586 and
ISOTECH 036 was validated at the time of the siigitiésts.

At the time of KC3 SMU was not able to perform measnents neither at the point of Mercury nor
the point of Indium. Therefore in order to haveeatst two laboratories having participated to KC3
in the loop managed by SMU it was necessary toudela complementary laboratory. This
complementary laboratory performed only measuresnantthe Indium and Mercury points on
thermometers delivered by SMU. PTB agreed to takeharge this additional task and calibrated
the SMU SPRT Hart scientific 5681 n° 1256.
As the results (see below) between PTB and SMU w@nsistent and in order to avoid:

= additional work to PTB

= more delay in the comparison
the SPRT ISOTECH 670 n° 036 was not sent to PTBcétibration at the Mercury and Indium
points.

10



4. Laboratory report

Appendix B shows the typical parameters of the ckvused in this comparison by the participants:
= bridge
= standard resistor
= fixed point cells
= immersion depth of the middle of the SPRT sensiament
= bath or furnace
= typical duration of the melting and/or freezingtpku

5. Loop results

The comparison was carried out in five loops amlesd section 1.1. Tables 4 to 9 presentwhe
values given by the participants at the differexed points. The plots in Figures 1 to 28 show the
comparison results for the different loops.

The values of the uncertainties reported in Talllés 9 and in Figure 1 to 28 correspond to the
expanded K=2) uncertaintiesU_apj given by the participants. All the information abaine
uncertainty budgets are presented in chapter énaAgdpendices A and C.

Loop 1 — Co-pilot SMU

Table 4: Loop 1. Comparison between the PTB and SMdalibrations at the Hg and In fixed
point
SPRT Hart scientific 5681 n°® 1256

Point PTB SMU Wsmu— WPTB Tsmu— TrTB U (rswu— Tere)
W U w U
mK mK mK mK
Hg | 0,844158Q0 0,27 | 0,8441567| 0,7( - 0,0000013 -0,33 0,75
In | 1,6097235 0,86 | 1,6097256| 0,95 + 0,0000021 + 0,55 1,28

The expanded uncertainty @rsyu— Tprsis calculated using the following formula:
U(TPTB_TSMU): 2 u12—PTB+ u12—SMU

Table 4 shows that the PTB and SMU results for SB&ibration at Hg and In are consistent.

Table 5: Loop 1. Calibration of the SPRT ISOTECH 6D n° 036

Point W (SMU) U (SMU) W (BNM-INM |U (BNM-INM)| W (OMH) U (OMH) W (SMU) U (SMU)
/CNAM) /CNAM)

mK mK mK mK
Hg 0,8441601 0,70 0,8441592 0,58 0,8441590 0,43 0,8441615 0,70
Ga 1,1181234 0,22 1,1181228 0,24 1,1181220 0,48 1,1181219 0,22
In 1,6097122 0,95 1,6097127 0,78 1,6097117 0,95
Sn 1,8926712 0,92 1,8926691 0,74 1,8926697 1,58 1,8926680 0,92
Zn 2,5686862 0,86 2,5686857 1,16 2,5686859 2,17 2,5686835 0,86
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Figure 1 : Results of SPRT ISOTECH 670 n° 036 célration — Hg
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Figure 2 : Results of SPRT ISOTECH 670 n° 036 cdliation — Ga
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Figure 3 : Results of SPRT ISOTECH 670 n° 036 céliation — In
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Figure 4 : Results of SPRT ISOTECH 670 n° 036 célration — Sn

Loop1-W Sn
1,892672
n
]
n
& 1,892668
=
1,892664
1,08 mK
1,892660 \ | |
V) D NS
2 i >
s
N
N
N
)

13



Figure 5 : Results of SPRT ISOTECH 670 n° 036 célration - Zn
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Loop 2 — Co-pilot IMGC
Table 6: Loop 2. Calibration of the SPRT Hart scietific 5681 n° 1283
Point W (IMGC) U (IMGC) | W (BNM-INM| U (BNM-INN W (CEM) U (CBM
/CNAM) JCNAM)
mK mK mK
Ar 0,2159237 0,46 0,2159235 0,68 0,2159205 0,94
Hg 0,8441552 0,26 0,8441545 0,58 0,8441547 0,46
Ga 1,1181249 0,17 1,1181253 0,40 1,1181264 0,48
In 1,6097294 0,63 1,6097285 0,73 1,6097297 1,20
Sn 1,8926895 0,73 1,8926904 0,81 1,8926924 1,30
Zn 2,5687150 1,23 2,5687216 1,34 2,5687197 1,78
Point W (METAS) U (METAS) W (BEV) UBEV)] W (MIRS/FE-LMK) URBV/FE-LMK)
mK mK mK
Ar 0,2159216 0,85 0,2159228 0,84
Hg 0,8441553 0,44 0,8441519 1,04 0,8441548 0,62
Ga 1,1181257 0,66 1,1181244 1,02 1,1181262 0,46
In 1,6097306 1,08 1,6097306 1,10 1,6097306 1,37
Sn 1,8926927 0,9 1,8926939 1,26 1,8926918 0,98
Zn 2,5687196 1,52 2,5687219 1,48 2,5687176 2,03
Point W (IPQ) U (IPQ) W (IMGC) U (IMGC)
mK mK
Ar 0,2159220 0,88 0,2159247 0,46
Hg 0,8441547 0,63 0,8441548 0,26
Ga 1,1181251 0,81 1,1181254 0,17
In 1,6097326 2,00 1,6097285 0,63
Sn 1,8926941 1,32 1,8926914 0,73
Zn 2,5687253 1,58 2,5687194 1,23
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Figure 6 : Results of SPRT Hart scientific 568111283 calibration — Ar
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Figure 7 : Results of SPRT Hart scientific 568111283 calibration - Hg
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Figure 8 : Results of SPRT Hart scientific 568111283 calibration - Ga
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Figure 9 : Results of SPRT Hart scientific 5681 n1283 calibration - In
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Figure 10 : Results of SPRT Hart scientific 568mh° 1283 calibration - Sn
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Figure 11 : Results of SPRT Hart scientific 568f° 1283 calibration — Zn
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Loop 3 — Co-pilot NMi-VSL

Table 7: Loop 3. Calibration of the SPRT Tinsley 5&7 n° 274686

Point W (NMI-VSL) U (NMI-VSL)] W (BNM-INM| U (BNM-INM W (DTI) U (DTI) W (MIKES) U (MIKES)
/CNAM) /CNAM
mK mK mK mK
Ar 0,2159873 0,31 0,2159873 0,68 0,2159855 1,06
Hg 0,8441655 0,29 0,8441645 0,58 0,8441761 3,06 0,84416p6 ,75 0
Ga 1,1181173 0,32 1,1181174 0,30 1,11811f72 0,58 1,1181178 ,64 0O
In 1,6096869 0,46 1,6096879 0,87 1,6096814 2,12 1,60968f9 97 1
Sn 1,8926337 0,66 1,8926323 0,76 1,89263D6 1,89 1,8926302 ,20 1
Zn 2,5686178 0,9 2,5686217 1,31 2,5686193 1,95 2,56861p4 50 1,
Point W (SP) U (SP) W (VMT/PFI) U (VMT/PFI] W (NMI-VSL) U (NMSL)
mK mK mK
Ar 0,2159881 0,85 0,2159862 0,30
Hg 0,8441657 0,80 0,8441652 0,56 0,8441663 0,23
Ga 1,1181186 0,53 1,1181170 0,51 1,1181168 0,32
In 1,6096896 1,21 1,6096866 0,39
Sn 1,8926318 1,05 1,8926322 1,52 1,8926321 0,54
Zn 2,5686173 1,35 2,5686175 1,66 2,5686141 0,79

Figure 12 : Results of SPRT Tinsley 5187 n° 274686libration — Ar
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Figure 13 :

Results of SPRT Tinsley 5187 n° 274686libration — Hg
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Figure 14 : Results of SPRT Tinsley 5187 n° 274686libration — Ga
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Figure 15 : Results of SPRT Tinsley 5187 n° 274686libration — In
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Figure 16 : Results of SPRT Tinsley 5187 n° 274686libration — Sn
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Figure 17 :

Results of SPRT Tinsley 5187 n° 274686libration — Zn

Loop 3-W Zn
2,568630
2,568626
_ 2568622 .
N
[ ] n
= 2568618 L

2568614
1,16 mK
2568610 ; ; ; ; ;
Q S < v
.,4%\/ § Q \L—Q’ «\Q .A@
S ew@ N s S
5

21




Loop 4 — Co-pilot PTB

Table 8: Loop 4. Calibration of the SPRT YSI 8167 hH99S4807

Point W (PTB) | U(PTB) | W (BNM-INM [U(BNM-INM| W (CMI) U (CMI)
ICNAM)|  /CNAM)
mK mK mK
Ar 0,2161162 0,67 0,2161180 0,68
Hg 0,8441923 0,28 0,8441915 0,58 0,8441925 0,64
Ga 1,1180981 0,27 1,1180972 0,32 1,1180983 0,54
In 1,6095850 0,86 1,6095834 0,92 1,6095888 1,14
Sn 1,8924820 0,84 1,8924805 0,95 1,8924803 0,89
Zn 2,5683483 1,34 2,5683534 1,30 2,5683507 1,28
Point W (UME) | U (UME) W (GUM) U(GUM) | W(NMRo) JU(NMRo) | W (PTB) U (PTB)
mK mK mK mK
Ar 0,2161132 0,79 0,2161143 0,90 0,2161187 0,80 0,2161173 0,67
Hg 0,8441900 0,65 0,8441919 0,69 0,8441954 0,80 0,8441928 0,28
Ga 1,1180977 0,55 1,1180983 0,57 1,1180982 0,44 1,1180983 0,27
In 1,6095849 1,68 1,6095906 1,31 1,6095690 4,94 1,6095843 0,86
sn 1,8924797 1,18 1,8924789 1,22 1,8924716 2,76 1,8924818 0,84
Zn 2,5683487 1,53 2,5683546 1,42 2,5683446 3,60 2,5683492 1,34
Figure 18 : Results of SPRT YSI 8167 n° H99S4807A+
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Figure 19 : Results of SPRT YSI 8167 n° H99S480Hg
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Figure 20 : Results of SPRT YSI 8167 n° H99S4807Ga
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Figure 21 : Results of SPRT YSI 8167 n° H99S4807»
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Figure 22 : Results of SPRT YSI 8167 n° H99S4807Sh
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Figure 23 : Results of SPRT YSI 8167 n° H99S4807ZA
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Table 9: Loop 5. Calibration of the SPRT Tinsley 5&7 n° 269586

Loop 5 — Co-pilot NPL

Point W (NPL) U (NPL) W (BNM-INM] U (BNM-INM W (NML) U (NML)
ICNAM) /ICNAM)
mK mK mK
Ar 0,2159634 0,20 0,2159634 0,68
Hg 0,8441620 0,36 0,8441603 0,62 0,8441630 0,68
Ga 1,1181198 0,36 1,1181203 0,28 1,1181210 0,71
In 1,6097024 0,78 1,6097049 0,71
Sn 1,8926553 0,87 1,8926570 0,80 1,89265710 1,54
Zn 2,5686602 1,10 2,5686641 1,16 2,5686600 2,87
Point W (3V) U V) W (EIM) U (EIM) W (SMD) U (SMD) W (NPL) U (NPL)
mK mK mK mK
Ar 0,2159636 0,85 0,2159667 0,76
Hg 0,8441620 0,83 0,8441630 0,57 0,8441627 0,56 0,8441430 ,35 0
Ga 1,1181228 0,59 1,1181216 0,57 1,1181199 0,52 1,1181205 ,38 O
In 1,6097044 1,87 1,6097103 1,66 1,609703B 1,69 1,6097029 ,78 0
Sn 1,8926544 1,36 1,8926562 1,36 1,8926485 1,17 1,8926%61 ,76 O
Zn 2,5686580 1,91 2,5686586 1,89 2,568656pH 2,02 2,5686971 ,10 1
Figure 24 : Results of SPRT Tinsley 5187 n°® 269586Ar
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Figure 25 : Results of SPRT Tinsley 5187 n° 269586H(g
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Figure 26 : Results of SPRT Tinsley 5187 n° 269586Ga
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Figure 27 : Results of SPRT Tinsley 5187 n° 26958an
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Figure 28 : Results of SPRT Tinsley 5187 n° 2695865Sn

W Sn

Loop 5-W Sn

1,892664

1,892660

1,892656 -

1,892652

1,892648 -

1,892644

& 5

28




Figure 29 : Results of SPRT Tinsley 5187 n° 26958&n
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6. Uncertainties

Each participating laboratory provided resistarat@s, measured in their local fixed points. Each
participant was requested to supply the uncertamiyget associated with the calibration at the
different fixed points. It was asked to the laborgs to fill the “Uncertainty Excel file” includeih

the protocol and agreed by all the participantsé(Brotocol). The uncertainty budgets can be found
in Appendix C:

Table C1 for the calibration at the argon fixednppi

Table C2 for the calibration at the mercury fixexn;

Table C3 for the calibration at the gallium fixeoimn;

Table C4 for the calibration at the indium fixedngp

Table C5 for the calibration at the tin fixed pgint

Table C6 for the calibration at the zinc fixed goin

For the components estimated using a type B metiwedlegrees of freedom are assumed to be
infinite. For the component estimated using a tpmethod, the degrees of freedom depends on
the number of results. The combined uncertaintieeeveomputed by root-sum-of-squares of the
type A and type B contributions.

Whatever the fixed point and the laboratory conside the coverage factorgt(v) from the
t-distribution is very close to 2. So, for all tladoratories a coverage factor k=2 was used inrorde
to calculate the combined expanded uncertainties.
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7. Additional Uncertainties

In addition to the uncertainties reported by eatjotatory an uncertainty, for possible instabsgitie
of the circulated SPRT over the course of the caorapa, have to be taken into account. The BNM-
INM/CNAM established the link between the five I@apmevertheless, the five circulated SPRTs
were not calibrated during the same run at BNM-IRNAM. So, an additional uncertainty
associated with the repeatibility of BNM-INM/CNAMalibration has to be added.

7.1 Uncertainty due to the instability of the circulated SPRTs

The co-pilot calibrations of the travelling instrant carried out during the time of the loop areduse
in order to establish the uncertainty component@ated to the stability of the travelling SPRT.

For the SPRT and the fixed point considered, th@etaintyusapsert jS calculated using a type B
method and an hypothesis of a rectangular not synuakdistribution (drift of the SPRT)

_‘@VCPJ») nd Q/chj)

e beginning

T (ar )T
StabSPR; \/é \ow

With chj , value of thelW measured by the co-pilot of the lopfj=1...5)

Table 10. Stability of the circulating SPRT. Loop 1

Beginning of the loop After BNM-INM calibration  |End of the loop
Fixed point W SMU U SMU W SMU U SMU W SMU U SMU Wend-Whbegi Wend-Whbegi uncertainty
mK mK mK expressed in mK U gapsprTMK
Hg 0,8441601 0,70 0,8441615 0,70 0,0000014 0,34 0,20
Ga 1,1181234 0,22 1,1181228 0,22 1,1181219 0,22 -0,0000015 -0,39 0,22
In 1,6097122 0,95 1,6097117 0,95 -0,0000005 -0,13 0,07
Sn 1,8926712 0,92 1,8926680 0,92 -0,0000032 -0,87 0,50
Zn 2,5686862 0,86 2,5686865 0.86 2,5686835 0,86 -0,0000027 -0,79 0,46

Table 11. Stability of the circulating SPRT. Loop 2

Beginning of the loop After BNM-INM calibration  |End of the loop
Fixed point W IMGC U IMGC W IMGC U IMGC W IMGC U IMGC Wend-Wbegi Wend-Wbegi uncertainty
mK mK mK expressed in mK U gabsprTK
Ar 0,2159237 0,46 0,2159247 0,46 0,0000009 0,23 0,13
Hg 0,8441552 0,26 0,8441548 0,26 -0,0000004 -0,10 0,06
Ga 1,1181249 0,17 1,1181256 0,17 1,1181255 0,17 0,0000006 0,15 0,09
In 1,6097294 0,63 1,6097285 0,63 -0,0000009 -0,23 0,13
Sn 1,8926895 0,73 1,8926912 0,73 0,0000017 0,45 0,26
Zn 2,5687150 1,23 2,5687158 1,23 2,5687194 1,23 0,0000044 1,27 0,74
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Table 12. Stability of the circulating SPRT. Loop 3

Beginning of the loop After BNM-INM calibration |End of the loop
Fixed point | W NMi-VSL | U NMi-VSL | W NMi-VSL | U NMi-VSL W NMi-VSL U NMi-VSL | Wend-Wbeg| Wend-Wbegi uncertainty
mK mK mK expressed in MK | U gapsprrAIK
Ar 0,2159873 0,30 0,2159862 0,30 -0,0000011 -0,28 0,16
Hg 0,8441655 0,30 0,8441663 0,23 0,0000008 0,20 0,12
Ga 1,1181173 0,30 1,1181181 0,30 1,1181168 0,32 -0,0000005 -0,13 0,07
In 1,6096869 0,50 1,6096866 0,39 -0,0000003 -0,08 0,05
Sn 1,8926337 0,70 1,8926320 0,70 1,8926321 0,54 -0,0000016 -0,43 0,25
Zn 2,5686178 0,90 2,5686170 0,90 2,5686141 0,79 -0,0000037 -1,07 0,62
Table 13. Stability of the circulating SPRT. Loop4.
Beginning of the loop After BNM-INM calibration End of the loop
Fixed point W PTB U PTB W PTB U PTB W PTB U PTB Wend-Whbegi Wend-Wbegi uncertainty
mK mK mK expressed in mK U gabsprTiNK
Ar 0,2161162 0,67 0,2161173 0,79 0,0000011 0,28 0,16
Hg 0,8441923 0,28 0,8441928 0,28 0,0000005 0,12 0,07
Ga 1,1180981 0,27 1,1180983 0,27 0,0000002 0,05 0,03
In 1,6095850 0,86 1,6095843 0,86 -0,0000007 -0,18 0,11
Sn 1,8924820 0,84 1,8924818 0,84 -0,0000002 -0,05 0,03
zn 2,5683483 1,34 2,5683494 1,34 2,5683492 1,34 0,0000009 0,26 0,15
Table 14. Stability of the circulating SPRT. Loop 5
Beginning of the loop After BNM-INM calibration End of the loop
Fixed point W NPL U NPL W NPL U NPL W NPL U NPL Wend-Whbegi Wend-Wbegi uncertainty
mK mK mK expressed in mK U gabspr7iNK
Ar 0,2159634 0,20
Hg 0,8441620 0,36 0,8441630 0,35 0,0000010 0,26 0,15
Ga 1,1181198 0,36 1,1181212 0,36 1,1181205 0,38 0,0000006 0,16 0,09
In 1,6097024 0,78 1,6097029 0,78 0,0000005 0,13 0,08
Sn 1,8926553 0,87 1,8926561 0,76 0,0000008 0,21 0,12
zn 2,5686602 1,10 2,5686573 1,10 2,5686571 1,10 -0,0000032 -0,92 0,53

As NPL didn't carry out a measurement at the Aedixpoint at the end of the loop, it is assumed in
the rest of the document that the uncertainty dué stability of the SPRT is the same at Ar and
Hg fixed point.

7.2 Uncertainty due to the repeatability of the BNM-INM/CNAM
calibration.

As some SPRTs were not stable, the 5 circulatingTSPwere not calibrated in the same run at
BNM-INM/CNAM (It needs 3 runs). Even if it was nptovided in the protocol of the comparison
a BNM-INM/CNAM’s SPRT was calibrated during eacirat the gallium, indium, tin and zinc
fixed points (see Tables 1, 2, 3). So, it is pdssio estimate the repeatibility of the BNM-
INM/CNAM calibration at these fixed points. The #itthal uncertainty due to the repeatibility of
BNM-INM/CNAM calibration is calculated from:

u

reproducibility T,

_ ‘ (\Nl82532f)max_ (\/\482532()min‘ (OT
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With the hypothesis of a rectangular symmetricatrtbution.
It appears that this repeatibility is very good amhmkesn’t introduce a significant uncertainty
component.

Table 15. Repeatibility of the calibration at BNM-INM/CNAM - SPRT L & N 1825320

Fixed point W BNM-INM W BNM-INM | W BNM-INM | Wmax-Wmin Wmax-Wmin U reproducibility Tp
.01/10/2001 .01/01/2003 .01/06/2003 expressed mK mK
Ga 1,1181132 1,1181130 1,1181136 0,0000006 0,14 0,04
In 1,6096631 1,6096631 1,6096632 0,0000002 0,04 0,01
Sn 1,8925950 1,8925945 1,8925959 0,0000013 0,36 0,11
Zn 2,5685566 2,5685566 2,5685570 0,0000004 0,11 0,03

At the mercury and argon fixed point, due to paitreasons, a BNM-INM/CNAM thermometer
was not included in the calibration runs. The réipdry of the BNM-INM/CNAM calibration was
established using the laboratory knowledge anditivertainty budgets.

u = 010 mK

reproducililityHg ,

u = 010 mK

reproducikiiityArp

8. EUROMET Reference Value

As a preliminary, it is expected that an EUROMETerence value will become established on the
data of all the European participant laboratonresrder to conform to the CCT-K3 data processing
and so to follow the MRA rules.

Let TLaqj the value measured by the lah the loop

wherei=1...N; labindex inloop

j=1...5 loop index
N; = number of labs in loop

i=1 corresponds to the co-pilot of the loop. $qu1]_ =Tcpj with TCPJ_ value measured by the co-

pilot (CP;) on SPRT]
i=2 corresponds to the co-pilot of the loop. Egsz =lp, with ij value measured by pilot
(BNM-INM/CNAM) on SPRT j

As a basis it is suggested to benefit from the athge that BNM-INM/CNAM is involved in all

the loops; and it is, therefore, possible to CEﬂitEU-I[Laqj _TPJ. :

Lah, - ij ) Eﬁ%)r

TLaqj —Tp =

]
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It is expected that, taking the uncertainty asgedi#o the repeatibility of BNM-INM/CNAM
calibration into account,

T, =

.~ P (same cell, same furnace, same bridge,....)

Tian " Tp :TLaqj —Tp

a; PR

8.1 Designation of the EUROMET Reference Value

Three choices for the ERV were presented duringbekshop organized in Vienna (Austria) on 8
April 2005: the simple meafss2 the weighted meafymssa, the mediammegssa.

The differenceTyss2— Tp) is calculated from:

i 5
Z (TLahj _TD)

— i=1j=1

Tm552 TP 5

2N

=1

and the associated uncertainty according to the GOhMpter 4.2.3).

The differencdT wmss2—T p) is calculated from the uncertainties given bygh#icipants:

and the associated uncertainty:

2 — 1
u (Twr’rESZ_TP)_ Nj 5

i=1 =

1
u 2
(Teaty 7o)
The median and the uncertainty of the median isutailed using the model of J.W. Miilfer

As it is presented Figures 30 to 36 the differermetsveen these values, obtained from a classical
statistical analysis, are very small. The lowesteantainty is associated with the median.
Nevertheless, the participant laboratories (IT, R® not represented) decided by vote during the
workshop to be conservative and not to use the anedileven participants voted for the weighted
mean, two for the median and one for the mean. Bgand vote it was decided to not define

! possible advantages of a robust evaluation of eosgns, J. W. MillerJournal of research of the NIST, Vol. 105, Numbeiudy-
August 2000
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outliers based on the reported results becauseldtee distant of the values given by the other
laboratories are always associated with a largensiaty and consequently have no impact on the
overall results.

Therefore, by a decision at the Vienna meetingweighted meansl,mss2, at each fixed point are
adopted as the EUROMET Reference Value .

8.2 (TLabij - Twmss2) cOmputation

The value ofTymss2 is not, a priori, known and has not any physicalamng, but the difference
between a laboratory calibration value and theresfee value can be computed. For example:

trLaqj _Twn1552) = trLaqj ~Tp ) - (TmeSZ_TP)

The value ofT, of the pilot (BNM-INM/CNAM) cancels out and doestraffect the result of the
comparison. The only condition is that the BNM-INDMAM value must be expected to be stable
during the period of the comparison. HoweVEy,is the link between all the laboratories and its
uncertainty is therefore included in the uncertasin all the inter-laboratory differences.

TheW values of the co-pilots are the mean of\tigalues measured at the beginning and at the end
of the loop.

(TCPJ' J o +(TCPJ' J
T — beginning end
CPJ- 2

The uncertainty oﬂ' Lah —Twm552) is obtained by:

u = /? +U(2T 1)
(T|aqj _Twmsszj (T|aqj _TPJ wmes2 - P

The uncertainty associated Tgaqj ~Ip is obtained from:

- The uncertainty on the measurement data givethdlyab; (see Chapter 5)

- The uncertainty associated with the stabilityhef circulating SPRT during the period of the
loop measurements (depending of the loop. see €haf)

- The repeatibility of the BNM-INM/CNAM calibratiarAs some SPRTs were not stable, the 5
circulating SPRTs were not calibrated in the sanmeat BNM-INM/CNAM (It needs 3 runs.
See Chapter 7.2).

2

+ ureproducib’lity Tp

2 2
u =,u +u
(TLaq]- -Tp) \/ Lah; stabSPRT

The values olu (

TmeS

,-T,)are given tables 16 to 21.
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All the significant components are obtained frompeyB evaluation. It was assumed to have an
infinite number of degrees of freedom for these gonents. So, finally the expanded uncertainties
are computed by using a coverage factor of 2.

U=2xu
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Figure 30. Zinc fixed point. Simple mean, weightethean, median
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Figure 31. Tin fixed point. Simple mean, weighted ®an, median
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Figure 32. Indium fixed point. Simple mean, weighté mean, median
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Figure 33. Gallium fixed point. Simple mean, weighgd mean, median
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Figure 34. Mercury fixed point. Simple mean, weighed mean, median
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Figure 35. Argon fixed point. Simple mean, weightednean, median
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9. Values of VLaq,. ~T.ss2) @and the associated uncertaintyU(T

Lab; _TmeSZJ

9.1 Zinc fixed point

For the zinc fixed point the differencé&ahj —Twmf,g,z) and their associated expanded uncertainties
(k=2) can be found Table 16 and Figure 36.

Figure 36. Zinc fixed point - Differences tI'Laqj—Twnﬁsz) and their associated expanded

uncertainties (k=2)
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Table 16. Zinc fixed point - Differences tI'Laqj—Twnﬁsz) and their associated expanded
uncertainties (k=2)

Lab Tiavi=Te | Travj-Twmss2 | U (TLabij-rwmss2) (K=2)
mK mK mK
PTB -1,35 -0,49 1,44
GUM 0,36 1,21 1,51
CMI -0,78 0,07 1,38
INM(RoO) -2,56 -1,70 3,57
UME -1,36 -0,50 1,61
NPL -1,58 -0,73 1,57
JV -1,77 -0,92 2,21
EIM -1,60 -0,75 2,20
SMD -2,21 -1,35 2,31
NML -1,19 -0,34 3,09
IMGC -1,29 -0,43 1,96
CEM -0,56 0,30 2,36
METAS -0,59 0,27 2,13
IPQ 1,06 1,92 2,21
BEV 0,06 0,92 2,13
MIRS/FE-LMK -1,16 -0,30 2,54
NMi/VSL -1,68 -0,82 1,58
MIKES -0,67 0,19 1,98
VMT/PFI -1,23 -0,37 2,11
SP -1,29 -0,44 1,87
DTI -0,70 0,16 2,34
SMU -0,25 0,60 1,32
OMH 0,05 0,91 2,39
BNM-INM 0,00 0,86 1,69
Standard uncertainty 0,19 mK
Of (Twmss2- Te)
Expanded uncertainty 0,38 mK
of (Twm552' TP) k=2
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9.2. Tin fixed point

For the tin fixed point the differencd@{mj —Twmssz) and their associated expanded uncertainties
(k=2) can be found Table 17 and Figure 37.

Figure 37. Tin fixed point - Differences tI'Laqj—Twnﬁsz) and their associated expanded
uncertainties (k=2)
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Table 17. Tin fixed point - Differences tI'Laqj—Twnﬁsz) and their associated expanded
uncertainties (k=2)

Lab T Labij -Tp T Labij -T wmss2 U (TLabij-Twm552) (k:2)
mK mK mK
PTB 0,38 0,43 0,90
GUM -0,43 -0,37 1,26
CMI -0,06 0,00 0,95
INM(Ro) -2,40 -2,34 2,72
UME -0,21 -0,15 1,22
NPL -0,34 -0,29 0,87
JV -0,70 -0,65 1,45
EIM -0,22 -0,16 1,42
SMD -2,29 -2,24 1,22
NML <0,01 0,06 1,59
IMGC <0,01 0,06 0,95
CEM 0,55 0,61 1,43
METAS 0,63 0,69 1,07
IPQ 1,01 1,07 1,43
BEV 0,96 1,02 1,40
MIRS/FE-LMK 0,38 0,44 1,15
NMi/VSL 0,16 0,22 0,92
MIKES -0,56 -0,50 1,34
VMT/PFI -0,03 0,03 1,63
SP -0,15 -0,09 1,20
DTI -0,45 -0,39 1,98
SMU 0,12 0,18 1,39
OMH 0,15 0,20 1,90
BNM-INM 0,00 0,06 1,00
Standard uncertainty 0,12mK
of (Twmss2- T p)
Expanded uncertainty 0,24 mK
Of (Twmssz2- T p) k=2
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93. Indium fixed point

For the indium fixed point the differenceQ'Laqj—Tsz) and their associated expanded
uncertainties (k=2, in K) can be found Table 18 kiglires 38 and 39.

Figure 38. Indium fixed point - Differences trLaq,- —Twmf,g,z) and their associated expanded

uncertainties (k=2)
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EIM Comment
EIM (e-mail 07/02/05): “Our In49 cell was found HUROMET project 712 to realize a temperature 0.65higher than the BNM-INM/CNAM
In114 cell’

INM(Ro) Comment
By an e-mail (18 March 2005), INM(Ro) requestedt ttie INM(Ro) result at the indium point be exclddeom the comparison. The difference

from the mean is rather large; nevertheless iess Ithan the expanded uncertainty. So, there agytreason to consider it as an outlier. The
participants decided (Workshop 8 April 2005) to kéein the comparison and to present the resultsno different graphs (with and without
INM(Ro) results).
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Figure 39. Indium fixed point - Differences trLaq,- —Twmf,g,z) and their associated expanded

uncertainties (k=2).
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Table 18. Indium fixed point - Differences tI'Laqj—Twnf,sz) and their associated expanded
uncertainties (k=2)

Lab Traij-Te T Labij =T wmss2 U (rLabij-Twmss2) (K=2)
mK mK mK
PTB 0,32 0,16 0,92
GUM 1,86 1,71 1,35
CMI 1,40 1,24 1,18
INM(Ro) 3,75 -3,90 4,95
UME 0,37 0,22 1,71
NPL -0,58 -0,73 0,83
JV -0,13 -0,28 1,92
EIM 1,41 1,25 1,68
SMD -0,41 -0,56 1,68
IMGC 0,12 -0,03 0,72
CEM 0,32 0,17 1,25
METAS 0,56 0,40 1,12
IPQ 1,08 0,92 2,03
BEV 0,56 0,41 1,15
MIRS/FE-LMK 0,56 0,41 1,41
NMi/VSL -0,30 -0,45 0,56
MIKES 0,01 -0,14 1,99
SP 0,44 0,29 1,24
DTI -0,14 -0,29 2,14
SMU -0,18 -0,33 0,99
BNM-INM 0,00 -0,15 0,99
Standard ucertainty 0,12 mK
Of (Twmss2- Te)
Expanded uncertair 0,24 mK
Of (Twmss2- Tr) k=2
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9.4. Gallium fixed point

For the gallium fixed point the diﬁerenceb’Laqj—Twnﬁsz) and their associated expanded
uncertainties (k=2) can be found Table 19 and Ed.

Figure 40. Gallium fixed point - Differences t'laqj —Twmssz) and their associated expanded
uncertainties (k=2)

Tlabij -T wm5b52
15 Ga
10 +
0,5 .
£ | | |
= 00 ‘ T ] | \
[Te} L
g i | 1 |
= .05+ ‘ !
5
—  -10 -+
-15
-2,0
m = S T wWw <4 > s o0 2 0o s 0o o > 90 4 o g o g 2 I =
e 3%¢£5=2"83228 82”582
zZ s S = = %
= z S z2

46



Table 19. Gallium fixed point - Differences t'laqj —Twmssz) and their associated expanded
uncertainties (k=2)

Lab T Lavij-Te T Labij = T wmss2 U (tLabij-Twmss2) (K=2)
mK mK mK
PTB 0,24 0,15 0,30
GUM 0,25 0,17 0,59
CMI 0,26 0,18 0,56
INM(RoO) 0,25 0,16 0,44
UME 0,11 0,02 0,57
NPL -0,02 -0,11 0,42
JV 0,64 0,55 0,63
EIM 0,34 0,25 0,61
SMD -0,09 -0,18 0,56
NML 0,19 0,10 0,74
IMGC -0,02 -0,11 0,28
CEM 0,28 0,20 0,55
METAS 0,11 0,02 0,68
IPQ -0,04 -0,13 0,83
BEV -0,33 -0,42 1,04
MIRS/FE-LMK 0,24 0,16 0,51
NMi/VSL -0,08 -0,17 0,35
MIKES 0,11 0,02 0,67
VMT/PFI -0,09 -0,18 0,54
SP 0,29 0,21 0,56
DTI -0,05 -0,14 0,61
SMU -0,04 -0,13 0,51
OMH -0,20 -0,28 0,66
BNM-INM 0,00 -0,09 0,28
Standard uncertair 0,05 mK
Of (Twmss2- Te)
Expanded uncertair 0,09 mK
Of (Twmss2- Tr) k=2

47



9.5.Mercury fixed point

For the mercury fixed point the differenceELaqj—Tsz) and their associated expanded
uncertainties (k=2) can be found Table 20 and Eigdrand 42.

Figure 41. Mercury fixed point - Differences t'laqj —Twmssz) and their associated expanded
uncertainties (k=2)
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Figure 42. Mercury fixed point - Differences tI'Lahj —Twmf,g,z) and their associated expanded
uncertainties (k=2).

Tlabij -T wmb52
. Hg (Zoom)
2
¥ 1
2 l‘J 4 1 ] JJJ .
E 0
g | ‘ HEREEEEE B
g 4
|_
-2
-3
= & w 4 o 4 0O o > un 4 o @D o E DO I
s 388t 5328 FEeaElEnt 25 g
z = z = 2 =

49



Table 20. Mercury fixed point - Differences trLaq,- —Twmf,g,z) and their associated expanded

uncertainties (k=2)

Lab Tian-Te T Lab T wmss2 U (r-twmss2) (K=2)
mK mK mK
PTB 0,27 0,03 0,39
GUM 0,12 -0,13 0,74
CMmI 0,26 0,01 0,70
INM(RO) 0,99 0,74 0,84
UME -0,37 -0,61 0,71
NPL 0,54 0,30 0,52
JV 0,42 0,17 0,91
EIM 0,66 0,42 0,69
SMD 0,59 0,34 0,67
NML 0,67 0,42 0,80
IMGC 0,13 -0,11 0,37
CEM 0,06 -0,19 0,57
METAS 0,21 -0,04 0,51
IPQ 0,06 -0,19 0,66
BEV -0,65 -0,90 1,07
MIRS/FE-LMK 0,07 -0,17 0,68
NMi/VSL 0,36 0,11 0,45
MIKES 0,29 0,05 0,82
VMT/PFI 0,18 -0,07 0,65
SP 0,30 0,05 0,87
DTI 2,90 2,66 3,08
SMU 0,40 0,16 0,84
OMH -0,04 -0,29 0,63
BNM-INM 0,00 -0,25 0,68

Standard uncertainty 0,06 mK
Of (Twmss2- Te)
Expanded uncertainty 0,12 mK
Of (Twmss2- Tp) k=2

50



9.6.Argon fixed point

For the argon fixed point the differencbgaqj —Twmssz) and their associated expanded uncertainties
(k=2) can be found Table 21 and Figure 43.

Figure 43. Argon fixed point - Differences t'laqj —Twmssz) and their associated expanded
uncertainties (k=2)
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Table 21. Argon fixed point - Differences t'laqj —Twmssz) and their associated expanded
uncertainties (k=2)

Lab Traiji-Te T Labij - T wmss2 U (tiabij-twmss2) (K=2)
mK mK mK
PTB -0,30 -0,17 0,79
GUM -0,86 -0,74 0,99
INM(Ro) 0,16 0,28 0,89
UME -1,12 -1,00 0,89
NPL -0,01 0,11 0,45
JV 0,05 0,17 0,94
SMD 0,75 0,87 0,86
IMGC 0,16 0,28 0,59
CEM -0,70 -0,57 1,07
METAS -0,44 -0,32 0,92
IPQ -0,35 -0,23 0,98
MIRS/FE-LMK -0,17 -0,05 0,92
NMi/VSL -0,13 -0,01 0,52
MIKES -0,43 -0,30 1,14
SP 0,17 0,30 0,96
BNM-INM 0,00 0,12 0,77
Standard uncertainty 0,09 mK
Of (Twmss2- Te)
Expanded uncertainty 0,18 mK
Of (Twmssz2- Te) k=2
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10. Linkage between EUROMET 552 and CCT-K3
10.1 Hypothesis
We propose to use a group of “linking laboratodesposed by the pilot and the co-pilots in order

to link EUROMET 552" to CCT-K3. The hypothesis &t the mean temperature of the pilot and
co-pilot laboratories is the same in EUROMET 552 ags in CCT-K3:

(TBNM—INM +TPTB+TIMGC+TNPL+TNMi+TSMUj _
6 CCT-K3

[TBNM—INM +Toret Timact Tt T T Tsmu
6

]EUROM EB52
(T(CP& P)mea")EUROME'ESZ - (T(CP& P)mee"JCCT—I@

In order to verify this hypothesis we can compare

T _ TBNM—lNM +TPTB + TlMGC + TNPL + TNMi + TSMU
(PorCP;)guromeTss2 6
EUROMET552
and
T _ TBNM—INM +TPTB +TIMGC + TNPL + TNMi +TSMU
(PorCP)cerk3
6 CCT-K3

In EUROMET 552

_ (TBNM—INM ot Timee T Tne t Tvi H Tsmu J
6

T
(Por CP)eyromess2
EUROMEB52

- tQP or CPj)EUROMEﬁsz_TerBSZ)

- (TBNM—INM _Twmssz)"' (TPTB_Twmssz)"' (Tnlec _Twn552)+ (TNPL_Ter'552)+ (TNMi—VSL_Twn552)+ (TSMU_TWWESZ)
6

In the same way in CCT-K3

T _ TBNM—lNM +TPTB+T|MGC+TNPL+TNMi+TSMU
(PorCPR)ccr-ks 6

= (F(P or CP)cci-k3 _ARV‘G)

_ ( (TBNM ~INM _ARVK?’)-'-(TPTB_ARVK?’)-'-(-I—IMGC _ARVK?’)-F(TNPL_ARVK?’)-F(TNMi _ARVK3)+(TSMU _ARVK3) j
6

]CCT—K3
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The values of Tenmanw — ARVKS, (Tepre — ARVKS, (Tivec — ARVKS, (Tne — ARVKS,
(Taumi - ARVK3, (Tsmu — ARVK3, are extracted from the minutes of the meetinthefCCT WG8
(11-12 December 2003, Delft, The Netherlands). Tiféerences (Tporcri) - Tcrigp)mean N
EUROMET 552 and CCT-K3 are tabulated in Tables®228 and plotted in Figures 36 to 41. The
tables and figures also include the ranges of safoeording to the uncertainties affected to their
results by the pilot and the co-pilot laboratoire€CT-K3 and EUROMET 552.

Table 22 . Zinc fixed point. Comparison of the resiis of the “linking laboratories” in
EUROMET 552 and CCT-K3.

Lab [T( F’OI’CF’J) - T( P&CPj ) mear]'U [T( PorCPj) - T( P&CPj ) mear]+U [T( F’OI’CF’J) - T( P&CPj ) mear]
mK mK mK
PTB/K3 -1,94 0,7¢ -0,62
PTB/552 -1,6€ 1,0z -0,3z
NPL/ K3 -0,4¢ 1,31 0,42
NPL/552 -1,6€ 0,54 -0,5¢
IMGC/K3 -1,57 0,11 -0,7¢
IMGC/552 -1,4¢ 0,97 -0,2¢
NMi-VSL/K3 -0,7¢ 1,22 0,2¢
NMi-VSL/552 -1,5¢ 0,2t -0,6¢
SMU/K3 -0,9C 1,1C 0,1C
SMU/552 -0,0¢ 1,68 0,71
BNM-INM/K3 -0,7z 1,84 0,5¢
BNM-INM/552 -0,2¢ 2,32 1,0z
(ARVKS-T  pgcpy mean) in mK -0,0€
(T(wmss2)"T( pecej) mean) 1N MK 0,17

Figure 36 . Zinc fixed point. Comparison of the reslts of the “linking laboratories” in
EUROMET 552 and CCT-K3.
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Table 23 . Tin fixed point. Comparison of the resus of the “linking laboratories” in
EUROMET 552 and CCT-K3.

Lab [T( POTCF’J) - T( P&CPj ) mear]'U [T( POI’CPJ) - T( P&CPj ) mear]+U [T( POTCF’J) - T( P&CPj ) mear]
mK mK mK
PTB/K3 -0,51 1,3¢ 0,41
PTB/552 -0,52 1,17 0,3¢
NPL/ K3 -0,8( 0,6¢ -0,0€
NPL/552 -1,27 0,4¢ -0,4C
IMGC/K3 -0,3¢ 0,5C 0,0¢
IMGC/552 -0,7¢ 0,6¢ -0,0€
NMi-VSL/K3 -0,9¢ 0,52 -0,2z2
NMi-VSL/552 -0,6( 0,81 0,11
SMU/K3 -0,9¢ 1,14 0,0¢
SMU/552 -0,8¢ 1,0C 0,0¢
BNM-INM/K3 -1,3¢ 0,71 -0,2¢
BNM-INM/552 -1,01 0,9C -0,0¢
(ARVK3-T pgcpy mean) in mK -0,28
(T( wm552)'T( P&CPJ)mean) in mK '0,1]

Figure 37 . Tin fixed point. Comparison of the reslis of the “linking laboratories” in
EUROMET 552 and CCT-K3.
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Table 24 . Indium fixed point. Comparison of the rsults of the “linking laboratories” in
EUROMET 552 and CCT-K3.

Lab [T( PDrCP\) - T(P&CPi ) mear]'U [T( PGrCP\) - T(P&CPi) mear]+U lT( PDICP\) - T(P&CPi ) mear]

mK mK mK

PTB/K3 -0,87 1,4¢ 0,31

PTB/552 -0,4¢€ 1,2€ 0,4C

NPL/ K3 -0,7¢ 0,64 -0,0¢€

NPL/552 -1,27 0,2¢ -0,4¢

IMGC/K3 -0,2¢ 0,9¢ 0,3€

IMGC/552 -0,42 0,84 0,21

NMi-VSL/K3 -1,2¢ 0,0¢€ -0,6(

NMi-VSL/552 -0,71 0,2¢ -0,21

BNM-INM/K3 -0,67 0,6& -0,01

BNM-INM/552 -0,8¢ 1,0 0,0¢
(ARVK3-T pgcpy mean) in mK 0,1€
(T(wmss2)-T( pecpj) mean) in mK 0,24

Figure 38 . Indium fixed point. Comparison of the esults of the “linking laboratories” in
EUROMET 552 and CCT-K3.

T(porcri)-T(p&cpj) mean iN CCT-K3 and EUROMET 552
In

X 2

IS

2 T

£

& ‘\ 4l | Jl -

s 0 I T

&

'_

~ 1

o

O

s -2

\F/O‘)W MmN My (3 IR 9V} MmNy E\E\
&k g 3 g ¢ S @ g £ & &

S s S g S = O O
< = 5 3z & &
PSES

56



Table 25 . Gallium fixed point. Comparison of the esults of the “linking laboratories” in
EUROMET 552 and CCT-K3.

Lab [TCrorcri) - T(pacei) mearI-U [T(porcri) - T(pacei) mear I+U [TCporcei) - T(pacei) mear]

mK mK mK

PTB/K3 -0,04 0,4¢ 0,22

PTB/552 -0,04 0,5C 0,22

NPL/ K3 -0,5¢ 0,2¢ -0,1¢

NPL/552 -0,4C 0,32 -0,04

IMGC/K3 -0,01 0,22 0,11

IMGC/552 -0,21 0,12 -0,0¢

NMi-VSL/K3 -0,62 0,21 -0,21

NMi-VSL/552 -0,4C 0,2C -0,1C

SMU/K3 -0,1€ 0,2¢ 0,0€

SMU/552 -0,2¢€ 0,1¢ -0,0¢€

BNM-INM/K3 -0,31 0,2¢ -0,01

BNM-INM/552 -0,3¢ 0,31 -0,01
(ARVK3-T pgcpymean) in mK -0,02
(T( wm552)'T( P&CPj ) mean) in mK 0,0¢

Figure 39. Gallium fixed point. Comparison of the esults of the “linking laboratories” in
EUROMET 552 and CCT-K3.
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Table 26 . Mercury fixed point. Comparison of the esults of the “linking laboratories” in
EUROMET 552 and CCT-K3.

Lab [T( POI’CPJ) - T( P&CPj)mear]’U [T( PO[CPJ) - T( P&CPj ) mear]+U [T( POI’CPJ) - T( P&CPj ) mear]
mK mK mK
PTB/K3 -0,2¢ 0,3z 0,0z
PTB/55Z -0,27 0,2¢ 0,01
NPL/ K3 -0,24 0,6(C 0,1¢
NPL/552 -0,0¢ 0,64 0,2¢
IMGC/K3 -0,2¢ 0,24 -0,0z
IMGC/552 -0,3¢ 0,1z -0,1z
NMi-VSL/K3 -0,2¢ 0,51 0,11
NMi-VSL/552 -0,21 0,35 0,09
BNM-INM/K3 -0,88 0,28 -0,30
BNM-INM/552 -0,89 0,35 -0,27
(ARVK3-T pgcpj mean) in mK 0,1z
(T( wm552)'T( P&CPj ) mean) in mK -0,02

Figure 40 . Mercury fixed point. Comparison of theresults of the “linking laboratories” in
EUROMET 552 and CCT-K3.
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Table 27 . Argon fixed point. Comparison of the reslts of the “linking laboratories” in
EUROMET 552 and CCT-K3.

Lab [TCrorcri) - T(pacri) mearJ-U [T(porcri) - T(pacpi) mear]*U [T(porcri) - T(packi) mear]

mK mK mK

PTB/K3 -0,67 0,57 -0,0t

PTB/552 -0,91 0,43 -0,24

NPL/ K3 -1,6% -0,0% -0,8%

NPL/552 -0,1€ 0,24 0,04

IMGC/K3 0,4t 1,37 0,91

IMGC/552 -0,2¢ 0,67 0,21

NMi-VSL/K3 -0,54 0,7¢ 0,1z

NMi-VSL/552 -0,3¢ 0,22 -0,0¢

BNM-INM/K3 -0,7¢ 0,4t -0,17

BNM-INM/552 -0,6% 0,73 0,0¢
(ARVK3-T  pgcpy mean) in mK -0,02
(T(wmss2)-T( pecrj) mean) 1N MK -0,07

Figure 41 . Argon fixed point. Comparison of the reults of the “linking laboratories” in
EUROMET 552 and CCT-K3.
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It can be seen that even when the results giverori®y or several members of the “linking
laboratories” are not positioned in the same plac&UROMET 552 and CCT-K3 the mean
calculated for the group is really reproducible.

The difference betwegARVK3-Tpsacpjimean and(Twmss2y T(pacrjmean iS generally equal or smaller
than 0.1 mK except at the Zinc (0.23 mK) and Tiri4 mK) fixed points.

10.2 Uncertainty linked with the reproducibility oT(porcpj)

mean

We suggest to estimate the uncertainty linked t® tproducibility of Tpecpymean from the
reproducibility of the members of this group:

D =T _ TBNM—lNM +TPTB+T|MGC +TNPL+TNMi +TSMU
(PorCR) (Por CP)euromess2 6
EUROMEB52

- (TBNM—INM +TPTB+TIMGC +TNPL+TNMi +TSMU j :|
6 CCT-K3

. |:T(P or CP)ccr-ks

The uncertainty is obtained using the value of 8bamted with a rectangular distribution:

_ D(Por ij)
ureprod(PoGCj) - 2\/5

The uncertainty due to the reproducibilityi@fscpymeaniS Obtained from:

ureprod (P&CPj)mean =

1 2 2 2 2 2 2
E ureprodBNM—INM + ureprodPTB+ ureprodIMGC+ ureprodNPL+ ureprodNMi+ UreprodSMU

The table 28 gives for each fixed point the unaetyaassociated with the reproducibility of each
member of this group and the one relatedg@cpjmean

Table 28: Uncertainty derived from the reproducibility of each member of the “linking
laboratories” group. Uncertainty on Tpscpjmean

Fixed | BNM-INM | PTB | IMGC| SMU NPL | NMi-VSL .Ureprod Ureprod (P&Cpj)mean

point (P&Cpj)mean k=2
Zn 0.14 0.09 0.14 0.20 0.29 0.27 0.08 0.16
Sn 0.07 0.03 0.04 <0.0p 0.10 0.10 0.03 0.05
In 0.03 0.03 0.04 / 0.13 0.11 0.04 0.07
Ga <0.01 <0.01 0.04 0.03 0.08 0.03 0.01 0.02
Hg <0.01 <0.01] 0.03 / 0.03 <0.01 0.01 0.02
Ar 0.07 0.06 0.21 / 0.26 0.06 0.07 0.14
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11. Bilateral Equivalence

11.1 Bilateral Equivalence for a direct comparisdoetween two participants
in the same loop of EUROMET 552

The degree of equivalence between the EUROMETqiaating laboratories in the same loop can
be calculated from the results Table 16 to 22.

trLapj _TLaqj(hii) ) = trLahj _TerBSZ) - trLaq”-(hii ) _Twn552)

Which then leads to the uncertainty formula

’ =\/ U U oy UstabSPRT
(T"aqj _TLabﬂj(hvti)) Lahj  Laby(h=) ]

It is possible to calculat fromu and
P 1 ) O™t ) 21

Tiay ~Teabyjgre)

Lalbyj ~ 'wmb52 TLab'.lj(h¢i) _Twm552)

\

2 2 2 2 2
u =|u +u —[ZEﬁu +Uu )+u J
(TLan- _TLabnj(hr-i)) \/ (Teaty ~Tamssd ~ (Taby(reiy = Tumssd) (Tumss2—Tp ) “reproducibilityT, /™ “stabSPRT

The expanded uncertainty (95%) is given by:

2 2 2 2 2
=20/u +u —[2[ﬂu +u )+u J
U (TLaqj __I_Labhj(h#i)j (Tl_alqj ~Tmss2) (TLabnj (hi) ~Tomss2) (Twnr552 —TP) reproducmlltyTp stabSPRT

2 2
U = \/ U B + U ~ _ A
(TLaqj _T'-abnj(h;ti)) (TLaqj Tomss? (TLabnj(hti) Torss2

with

_ 2 2 2
A= |_ ZEQU(TWnssz‘TP) + Ureproducih’iityTp) + UstabSPR'[

The values of A according to the fixed point and libop considered are given Table 29.
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Table 29 . Values of A

Loop 1 Loop 2 Loop 3 Loop 4 Loop 5

Fixed point AinmE | Ainmk | Ainmk | Ain mk2 | Ain mK
Ar | "™ 0,187 0,222 0,222 0,209

Hg 0,269 0,123 0,166 0,128 0,199
Ga 0,226 0,065 0,177 0,036 0,065

In 0,136 0,184 0,126 0,164 0,142

Sn 1,212 0,482 0,504 0,216 0,270

Zn 1,142 2,486 1,834 0,426 1,420

Example: Determination of the bilateral equivalence at 8w fixed point between METAS and
IPQ (these two laboratories are involved in loop 2)

(TMETAS_TIPQ) = (TMETAS_TwrrB52) - (TIPQ_TwrrBSZ) = 068mK-106mK = - 038mK

2 2
U =|U +U -A
(TM etas PQ) (Twetas™Twmss?) (Tipo = Tumss?) Sn loop2

= (1077 + (1.44° - 0.482 = 1.65mK

(TM ETas™ T PQ

11.2 Bilateral Equivalence for a direct comparisdretween two participants
in different loops of EUROMET 552

The degree of equivalence between the EUROMETquaating laboratories in different loops can
be calculated from the results Table 16 to 22.

trLaqj _-I-La%(g¢ . ): trLaqj _TerBSZ)_ trLaqg(g¢ j )_TerBSZ)

TLabng(g¢j) :value measured by the labn the loopg

g=1....5
h=1...Ny labindexinloom
2 2 2 2 2
u = + +u +U +u -
(TLaq] Labng(g#j)j \/uTLalqj Labnggs ) StabSPRT ' ~'StabSPRY =~ ~reproducibilityT p

The uncertainty can also be determined uéi'(»@ T j and U(T T )
abj 'wmb52 Labg "wm552

2 +u2

(TLaqg(g¢ i _TWITESZ

62

u = \u
(TLan' _TLaqg(g;tj) j (TLan —TWIT552)

2 2
) —\2. U(-|—Wm552 - TP)+ureproduciblityT p)



Finally, the expanded uncertaidty(95%) is given by:

X

Tiay ~Tiatyp)

_ \/u o Trssd ™ Tt~ B
with
= [ZE(UJ(%'WWESZ—TP)) + Ur2eproducitinlityTp
The values of B according to the fixed point aneegi Table 30.

Table 30 . Values of B

Fixed point B in mK
Ar 0.29
Hg 0.16
Ga 0.12
In 0.03
Sn 0.07
Zn 0.08

Example: Determination of the bilateral equivalence at 8refixed point between METAS (loop
2) and JV (loop 5)

(TM ETAS_TJV) = (TM ETAS_TWHESZ) - (TJV _Twn652) = 068mK- (_ 065m K) = 133mK

2
+U - By

TM ETAS TJV \/ (TM ETAS WrT‘552) (TJV _Ter‘ESZ) n

o=V (07 + (1467 - 0.07 =1.76mK

M ETAS

11.3 Bilateral Equivalence between the participamsEUROMET 552 and
CCT-K3

Our proposal is to calculate the degree of equncdebetween the EUROMET participating
laboratories and the CCT-K3 participants by théfeing way:

trLaqj = Tlabo ) = trLaqj 552_Twrr652) - tr(P & CPj)mean_TwrrESZ)

+ GV(P & CPj)mean_TLabXXKB
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trLan-SSZ_TwrrBSZ) comes from the results presented Tables 16 to 21

h—(p& CP)mean_ Twrr552) comes from the results presented Tables 22 to 27

tr(P&CPj)mean_TLabxxm } have to be calculated from the results of CCT-K3

— | .2 2 2
—\/U j+u )+ureprod (P & CP)mean

(TLaqj 552 Tomss2 (T(P & CPj )nean - TLaDXXK3

u
(TLahjssz ~TLabyxia ]

u( T ) comes from Tables 16 to 21
Laq]'552 wmb52
Ureprod(P & cPymean comes from Table 28

u . .
(T(P&ij )nean_TLabXXK3) have to be calculated from the uncertainties gine@CT-K3

The expanded uncertainty (95%) is :
U ( j:2 EIJ(

T, -T, T, -T,
Labjssy  Labxxks Labjssy  Labxxks

12. Conclusion

EUROMET Project 552 compares the various Europeaal Irealisations of the ITS-90 from the
triple point of Ar (83,805 8 K) to the freezing poiof Zinc (692,677 K) using long-stem SPRTSs.
This project was agreed by the CCT-WG7 as a Regloeyacomparison corresponding to CCT-K3
and was named EUROMET.T-K3.

The comparison involved 6 NMLs that have alreadgetapart in CIPM key comparison CCT-K3
(BNM-INM/CNAM, SMU, IMGC, NMI-VSL, NPL, PTB) and 18other European national
laboratories. The comparison was divided in fiviéedent loops coordinated by a co-pilot that was
chosen among the laboratories having participadatie CCT K3 comparison. BNM-INM/CNAM
played the role of pilot and as a link betweenltugps.

In order to have sufficient information about a gibke drift of the SPRTSs, the co-pilots have
performed a calibration over the full temperataege at the beginning and at the end of the loop.

Given that the protocol of the comparison contardgetailed description of how the uncertainties
are to be calculated, the uncertainty budgets ksi@io by the participants seem consistent or, at
least, homogeneous.

The results of the comparison were analysed byilo¢ and the Draft A version 1 was sent to all
the participants on January 2005. The ERV usedHerversion 1 was the simple mean of the
results. The participant laboratories decided duanNorkshop organized by the pilot in Vienna on
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April 2005 to use as ERV the weighted mean. So, Dinaft A version 2 is set up on this
pronouncement.

For a matter of clarity, the results are firsthegented loop by loop, but a EUROMET Reference
Value (ERV) taking into account the whole compamié@ad to be defined. In order to calculate this
ERV it is proposed to take advantage of the presef@NM-INM/CNAM in the five loops ; the
differences between each laboratory’s results aXMBNM’s were considered.

Finally, a method for establishing the bilaterali@alence between the participants in CCT-K3 and
in EUROMET 552 is proposed by the pilot.
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Appendix A. Technical protocol

Agreed EUROMET Project N° 552
Comparison of the realisations of the ITS-90 ohertange 83,805 8 K to 692,677 K
“Technical protocol”
(version 3 —10/04/2001)

Redactors:
Eliane Renaot
Yves Hermier

Georges Bonnier

1.Introduction
The project is expected to be complementary taCtfM comparison K-3.

All participants of this comparison should folloviet instructions, which are given below.
Moreover, each laboratory should follow its nornpabctice when realising the ITS-90. The
instructions are based on Appendix 1 of Reporhao@CT on Key Comparison 3 (B. W. Mangum
et al. of NIST, November 1999). The comparisoncsyrifollows the protocols given in the
Guidelines for CIPM key comparisons, Appendix Riie MRA, 1 March 1999. The Pilot Lab of
this comparison is BNM-INM/CNAM (France).

It is intended to compare any EUROMET NML realipatiof the ITS-90 on the same basis than
CIPM interlaboratory comparison. The range of terapge covered in this comparison is from the
triple point of Ar (83,805 8 K) to the freezing poiof Zn ( 692,677 K) using long-stem SPRTSs.

The participating NMLs are required to perform lbedtion of SPRTs at ITS-90 fixed points as
presented in their own CMCs, it means that resticanges are allowed.

The comparison will involve the 7 NMLs previousiybplved in CIPM K3 (BNM-INM/CNAM,
SMU, IMGC, NMI-VSL, NPL, PTB, VNIIM) and 19 Europeanational laboratories. The
comparison will be divided in different 5 loops cdimated by a co-pilot chosen among the
laboratories having participated to the CIPM K3 pamson. BNM-INM/CNAM will play the job
of pilot in establishing the link between the fio®ps. .

The co-co-pilot will calibrate 2 SPRTSs, of its owand circulate one of them within its loop. The
second one was kept for safety. The SPRTs usethimrcomparison will be selected by the co-
pilots for their very good stability.

The thermometer is very fragile so it must be haddlith extreme care. When not in use, it should
be stored in a safe place in the groove of theeptotg foam. The SPRT will be hand carried from
laboratory to laboratory. Each lab is responsibledarriage othe thermometer to the following
Lab in the list. The procedures required by thedspent of Customs of various countries must be
strictly obeyed when the thermometers are shippgdide EU. In these cases, the Carnet forms
must be carefully and accurately completed. Ithes tesponsibility of the laboratory carrying the
transfer SPRT to the next laboratory to presenCamet to Customs when leaving the country and
upon arrival in the country of destination. Persgnat the receiving laboratory must check the
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Carnet forms very carefully upon receipt. It is tthety of the co-pilot laboratory to find out a
solution between the different participants (irstlwop) for taking in charge the ATA carnet fees.

If thermometer has not been received in due tingecirpilot must be immediately informed in
order the timetable be revised accordingly. Thepitm- informs the pilot and the further
laboratories of the revision.

Any participant will, therefore, calibrate, at leasne thermometer. It will establish a calibration
report.

This report will be sent (within 1 month) simultausly to BNM-INM/CNAM and to the co-pilot
responsible of its loop. From the delivered dataMBINM/CNAM will establish the difference
between any pair of participating laboratories. BNWM/CNAM will establish, as well, the
uncertainty associated with the calculated diffeeerAt this juncture, common criteria for quoting
uncertainties of calibration will be developed.

2. Scheme of the organization
See Page 3 of the draft A

3. Patrticipating Laboratories
See Page 4 of the draft A

4. Provisional schedule
It is anticipated that the fivgarallel loops will be started by 1May 2001.

At the beginning of the circulation, BNM-INM/CNAM ake the first calibration with co-pilot
SPRT’s. For the other participating lab the sulptot of any loop will define the order in which
the different laboratories will participate. Fogaven laboratory, the time allowed for a calibratio
(over the range 83,805 8 K to 692,677 K) is apprately estimated to be 8 weeks. The travelling
time between two Labs could be rated at 2 weekagheement with these estimations it is possible
to establish a provisional schedule for a loop Imvg 6 participants (including BNM-
INM/CNAM).

In order that calibration results performed by tleco-pilot don’t influence the BNM-INM/CNAM

operator the Calibration Certificate establishedtlhy co-pilot is asked to be address at BNM-
INM/CNAM just after the SPRT will be return to tlee-co-pilot.
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Table |

Period Task Lab.
By the end of April 2001 Selection and calibratadr? SPRTs Co-pilot X
1 May 2001 Starting the circulation of a SPRT
1 May to15 November 2001 Calibration of the circulating SPRT BNM-
(depending BNM-INM/CNAM receipt’'s the INM/CNAM
circulating thermometers)
15 November to 30 December 2001 Check the stalofitiie circulating SPRT  Co-pilot X
30 December 2001 to 15 March 2002 Calibration efdinculating SPRT Lab X1
15 March to 30 May 2002 Calibration of the circilgt SPRT Lab X2
1 June to 15 September 2002 Calibration of theuldtmg SPRT Lab X3
15 September to 30 November 2002 Calibration ottreallating SPRT Lab X4
30 November 2002 to 15 February 2003 Calibratiotinefcirculating SPRT Lab X5
15 February to 30 April 2003 Check the stabilitytlod circulating SPRT  Co-pilot X

At the time of KC3 SMU was not able to perform measnents neither at the point of Mercury
nor the point of Indium. During KC3 VNIIM was noble to perform measurements at the point of
Mercury but have been participating to the comparist the point of Indium. Today SMU wish to
participate in 552 in including measurements atddgr and Indium points. Therefore in order to
have SMU included in a loop involving at least tlaboratories having participated to KC3 it is
necessary to include a complementary laboratorys €bmplementary laboratory will perform

uniquely measurements at the Mercury point on tbhematers delivered by SMU. This laboratory
will be PTB, IMGC, NPL or NMI-VSLin accordance witheir availability.

Provisional schedule for loop 1 ( TABLE II)

Period Task Lab.
By the end of April 2001 Selection and calibratar? SPRTs SMU
1 May 2001 Starting the circulation of a SPRT
1 May to15 November 2001 Calibration of the circulating SPRT BNM-
(depending BNM-INM/CNAM receipt’'s the INM/CNAM
circulating thermometers )
15 November to 15 December 2001 Calibration ofctheulating SPRT atthe PTB or
Hg fixed point IMGC or
NPL or
NMI-VSL
15 December 2001to 30 January 2002 Check thdistadfithe circulating SPRT SMU
30 January to 15 April 2002 Calibration of the aleting SPRT Lab X1
15 April to 30 June 2002 Calibration of the cirdirlg SPRT Lab X2
30 June to 15 October 2002 Calibration of the ¢aiing SPRT Lab X3
15 October to 30 December 2002 Check the stalofitire circulating SPRT SMU
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5. Procedures

All participants of this comparison should follovhet instructions, which are given below.
Moreover, each laboratory should follow its nornmhctice when realising the ITS-90. The
instructions are based on Appendix 1 of Reporh®@CT on Key Comparison 3 (B. W. Mangum
et al. of NIST, November 1999). The comparisoncsyrifollows the protocols given in the
Guidelines for CIPM key comparisons, Appendix Rite MRA, 1 March 1999. The Pilot Lab of
this comparison is BNM-INM/CNAM (France).

The participating NMLs are required to perform bedtion of SPRTs at ITS-90 fixed points as
presented in their own CMCs, it means that resiicanges are allowed.

The co-pilot will calibrate 2 SPRTs, of its own,danirculate one of them within its loop. The
second one was kept for safety. The SPRTs usethimrcomparison will be selected by the co-
pilots for their very good stability.

The goal of the comparison is to compare the natibighest accuracy realization of ITS-90 as
the participating laboratories routinely establieem. Each laboratory, therefore, must calibrate
(at least) one SPRT according its customary proc&be uncertainties associated to this
calibration will be delivered by filling the documie‘EUROMET552uncertaintyanalysis.xIs”.

The SPRTs supporting the comparisons will be clyegelected by the co-pilot laboratories

paying a special attention to the stability of thetrument. The SPRTs are expected to be quartz
sheathed 25 Ohms Long-Stem Platinum ResistanceriGmeeters.

Task of pilot lab:

The pilot laboratory will receive and calibrate thehermometers supporting the comparisons in
the 5 loops. The different calibrations will be foemed in order to be as similar as possible in
order to give the ability to link the different lp® together.

The coordinator will collect the calibration repoend will establish an analysis of the results.

Task of Co-pilot labs:

Select and calibrate two SPRTs

To check the stability of the travelling instrumgeco-pilot will perform a calibration of the full
range at the beginning of the loop before sendiagg BNM-INM/CNAM. After receipt the SPRT
from BNM-INM/CNAM. The co-pilot will determine a e time the reduced resistance value of
Ga and Zinc in order to check the SPRT stabilitye To-pilot will perform again a calibration of
the full range at the end of the loop

Supply a SPRT of these ones to participants lgghgrto its loop

Organize the SPRT circulation within the sub-loop

Task of participating labs:

The travelling SPRT is to pass through the folloyvequence:

1) a measurement at the triple point of water (TPW)
2) a stabilisation procedure
3) a second measurement at the triple point ofiwate
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4) measurements at metal fixed points in ordereafelasing temperatures alternating with a
measurement at the triple point of water.

Upon receipt of the SPRT, the host laboratorytnmsgpect the devices for damage. Then the host
laboratory must complete and forward (by e-mailas) the attached “Artefact Received Form” to
co-pilot to report the condition of the artefadtthere is damage, the co-pilot laboratory will giv
instructions on how to proceed.
If thermometer has not been receive in due @Woepilot or pilot must be immediately informed
to revise the timetable and inform the further Iabories of the revision.
If no damage has been sustained and after regott the co-pilot laboratory, the host must
measure the resistance of the travelling SPRTTIRW cell at two measuring currents (in order to
determine the zero-power value). The measuremengrduused must be such that the generated
power does not exceed 25¥. The 0 mA resistance values of the travelling $RR the TPW
must be corrected for the hydrostatic head to abRirpw. The value ofR tpw must be
communicated to the co-pilot laboratory. After rieaeg approval from the co-pilot laboratory to
proceed with the comparison, the host laboratonyleggin the SPRT stabilization procedure:

e Carefully insert the SPRT into a furnace at 480 °C.

* Anneal the SPRT for two hours at 480 °C

» Carefully remove the SPRT from the furnace diretdlyhe room environment.

 Re-determine The value Bftpw
If the resistance at TPW increases after anngationtact co-pilot laboratory for further
instructions
If the decrease in the calculated TPW resistaridbe SPRT after annealing is equivalent to 0.5
mK or greater proceed to a second SPRT stabilizgttocedure. Re-determine the valudrgby
If the decrease in the calculated TPW resistandbeSPRT after second annealing is greater to
0.2 mK communicate with co-pilot laboratory for thuer instructions
If the decrease is less then 0.5 mK the completebraibn can be performed.
Calibrate the SPRT at all of the fixed points i tlange of comparison, i.e., measurements at
TPW, Zn, TPW, Sn, TPW, In, TPW, Ga, TPW, Hg, TPW,akd TPW, in that order. If one or
several fixed points are not available then the kadsoratory may perform the comparison over a
limited range. Existing techniques as practisedhgyparticipating Laboratory must be used. For
each metal fixed point th&/=R 1/ R tpw is calculatedR tpyw is the TPW resistance obtained
immediately after the measuremenff Rt et Rrpywshould have been corrected for self-heating,
hydrostatic head and if any the pressure effétieast 3 different phase transitions (3 freezings
for Zn, Sn, In, 3 meltings for Ga, 3 triple poirits Hg and Ar will be performed. The different
values will be delivered together with the calcethimean.
After completing all of the above measuremerits,tost laboratory must transmit the calibration
report to the co-pilot laboratory and send a capthe co-pilot laboratory.
The host laboratory must hand delivered the SRRihe next participating lab (or to the co-pilot
at the end of the loop) and send to the co-piletattached “Artefact shipped Form”.

70



Table Ill, Example:

Run for Zn fixed point

Measurement in TPW

Measurement in Zn fixed point WZn1l
Measurement in TPW
Measurement in Zn fixed point W Zn 2
Measurement in TPW
Measurement in Zn fixed point W Zn 3

Measurement in TPW
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6. Reporting of data

The participating host must send to coordinator @ngilot labs the following information.
If all of them are not received, the host's dathwat be included in the report.

For each fixed point cell that was used in the canspn, determine (using the circulating
SPRT) and plot the change of phase transition tesyre,dT, versus immersiongdh. On the

same graph, plot the theoreticAl/dhcurve using the hydrostatic pressure coeffici¢mi&/m of
liquid) given in the ITS-90 text.

Examples of Freezing curves in In, Sn and Zn celiglting curve in Ga cell and triple—point
curve in Hg and Ar

Using the attached spreadsheet named 'EUROMETS3br&mndata.xls' to report the
resistance ratios

W=R 1/ Rtpw WhereR 1 is the resistance of the SPRT at each of th&l fpants, an® tpw is the
resistance in the TPW cell obtained after the memsent ofR + . The values oR 1 andR tpyw must
be corrected for self heating, the hydrostatic hexad if applicable, the pressure effect. In order t
not increase the uncertainty on the comparisorhefrésults th&k 1 values given by the different
participating Lab must approximately correspondht® same percentage of metal in liquid phase.
This percentage is not easy to determine. Soleiter to use the concept of percentage of time of

the total duration of the plateau. It is asked thatR t values correspond to the percentage of time
given in the table below.

Fixed point Type % of time passed since
the starting of the
plateau
Ar Triple 20 to 40 %
Hg Triple 60 to 80 %
Ga Melting 70 to 80 %
In Freezing 20 to 30 %
Sn Freezing 20to 30 %
Zn Freezing 20 to 30 %

Uncertainty analysis using the attached spreadstaeéd 'EUROMET552Uncertaintyanalysis.
xls.'

Details of instrumentation, fixed point cells amtthniques used in the realisation of the fixed

points for this comparison should be given in thettached sheet
'EUROMET552Instrumentationdetails.xIs.’

The immersion curves, the freezing/melting curves the completed forms
'EUROMETS52Calibrationdata.xls'
'EUROMETS552Uncertaintyanalysis.xIs’
'EUROMET552Instrumentationdetails.xls'

should be e-mailed to the co-pilot lab. A papapy must be send by post to the co-pilot and
pilot labs.
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Uncertainties

Participants are requested to use the attacheddgireet 'EUROMET552Uncertaintyanalysis. xIs'
to calculate and report their estimated uncertsnfior the determination of resistance ratios
obtained from the SPRT at the fixed points thatemesed in this comparison. Calculations of
uncertainties should follow the guidelines set muthe ISO Guide (1993) to the Expression of
Uncertainty in Measurement.

For each uncertainty component, a standard unogrtai and its associated degrees of freedom
must be provided. The value ofshould be given in terms of temperature. For #p&valuation,
the number of degrees of freedom,nid wheren is the number of measurements. For type B
evaluation, any input is assumed to have an ifiniimber of degrees of freedom. The combined
uncertaintyl, the effective degrees of freedom and, subsegyeh# expanded uncertainty at 95%
level of confidence are calculated as set outéenGhide.

To assist with the determination of measuremenedamties, the following section explains the
meanings of the uncertainty components given irRBMET552Uncertaintyanalysis.xIs'.

W, is determined according the following mathematmaldel obtained from the relationship.

*
— (RS +CRS/3 +CRS/4) (xt +CXt/1 +CXt/2 +CXt/3 +CXt/4 +CXt/5 +CXt/6 +CXt/7)

- *
(Rs) (X 001°C + CX 001/1 + CX 001/2 + CX 001/3 + CX 001/4 + CX 001/5 + CX 001/6 + CX 0.01/7)

— (xt + CXt/l + CX’[/Z + CXt/S + CX’[/4 + CXt/5 + CX’[/6 + CX’[/?)
Vvt_(1+DRs/3+DRs/4)DX +C +C +C +C +C +C +C
( 001°C X 001/1 X 001/2 X 001/3 X 001/4 X 001/5 X 001/6 X0.01/7)

t

Where
Rs reference resistor value at the time of TPW meamant
D Rrs/3 relative drift of the resistance of the referebeéween TPW and FP
measurements

€ Rrsi3l Rs
D Rrsia relative temperature variation of resistancehefreference between TPW and
FP

Measurements € rga/ Rs

Effects linked with triple point of water calibrah:

Xo.01°C reading on the bridge at the triple point of water

C x0.011 watertriple point reference including isotope variation
C x0.012 Hydrostatic pressure correction

C xo0.01/3 Perturbing heat exchanges

C x0.01/4 Self-heating correction
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C x0.01/5 Bridge linearity
C x0.01/6 Ac/dc measurement correction
C xo0.01/7 SPRT internal insulation leakage correction

Effects linked with the considered fixed point badition:

Xt Reading on the bridge

Cxwn1 Chemical impurities

C xu2 Hydrostatic pressure correction

C xus Perturbing heat exchanges

C xvs Self-heating correction

C xus Bridge measurement correction, lack of linearity
C xue Ac/dc measurement correction

C xu7 Gaspressure correction

St W, scatter

Any participant can complete this table with additl component for taking in account specific
experimental conditions. In particular, it could becessary to include a component linked with
SPRT internal insulation leakage correction at@aefixed point. On the other hand, if component
is considered as negligible they have to be quasethegligible” and it value must be justified

Combined standard uncertainty on Wt

2 2
oWt OWt
2 * 2 * 42
g wt = g Drs/a + ﬂ: o Drsia

RS/3 RS/4
wt Y wt Y Wt )
* 2 * 42 * 2
+ ( é)( j 0- XODl + [ & j 0- C:X 001/1 + """" + [ & j 0- CX 001/7
001°C X 001/1 X 001/7

2 2 ?
+ (_d/v_t] * O'ZX[ +[ OVt ] * 0-2Cxt/1 +...... +[ Mt ] * Uzcxm
X, i Carr

+2 ml ot ] il j |]TCX 001/1 Bj-Cxt/l

Cy 00111 Lyt

+.....

+20D; il j o j WO, e oy TS,
Xy 006 Cyis6 '

The values op, o, 03, o, P, PsWiIll be taken as equal to Zero if the laboratoryédnaot better
information on these values. Taking these valuezeasis justified because :
1) MW I &Cxp.001/iiS Negative
2) The values ob, 0, 03, ou, P5, Ps are positive.
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Consequently to give a null value to these conabatoefficients leads to maximise the value of
2
Owt -

2
a
g% =| — | *ow,
W,
In sheet “EUROMET552Uncertainty analysis.xIs” tieasibility coefficient correspond to
& . W
I, A
for example the sensibility coefficient linked witine quantityCyy1 is

[
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Components explanation and proposal of evaluation

Quantity

Standard Uncertainty

Method

Evaluation

Xt

Repeatability of readings. N
change during a short time

e Same SPRT

- Same cell

- Same freezing
- Same day

Type A

Cxu1

Purity

- During the recent EUROME
Workshop Dr B.Fellmut
from PTB explained clearl
that it was physicall
impossible to quote th
uncertainty linked to

Raoult’'s Law. Therefore it
proposed to quote
uncertainty from th
dispersion of a batch of cel
This batch can be th
property of the laboratory (
it is the set of cells whic
have been participated

previous comparison (s
proposal of PTB in attad
document)

thE
impurities in simply using th
S

thiis

T

s
y
y

e

11%

pe
h

Cxu2

hydrostatic pressure
correction

Estimated from the uncertainty
the sensible element position a
the uncertainty of the free liquid
level

dEstablished by the
ndaboratory

Cxus

Perturbing heat exchanges

(between the sensor and
surrounding parts different
temperature from the liquig
solid phase change)

-Deviation from expecte
R§drostatic pressure correcti
lbbtained by changing immersi
ldepth over 5 cm (length of tl
sensor)
-Modification of the thermg
exchange between thermomg
and its environment

-Use of different container design

Established th
draboratory
phype B

néMax value-Min value)/ 23

by

I
ter

Cxua

self-heating correction

Resolution of the bridgadiags
uncertainty on the ratio betweel
the two measuring currents
Variation in self heating
correction observed in an
apparent similar environment

Established by th
nLaboratory or obtaine
in scientific literature
Type B

(Max value-Min value)/ 23

Cxus

bridge linearity

Use of calibrated resistor f
checking the bridge,
Comparison between reading

the symmetry of the bridge
(R1/R2 = 1/(R2/R1) ?)

on different bridges. Checking

Established by  th
aboratory or obtainedn
[sentific literatur
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Quantity |Standard Uncertainty Method Evaluation
Cxue Difference between AC and Estimated by using DC and AC| Established by the
DC measurements bridge Laboratory or obtained
in scientific literature
Type B
(Max value-Min value)/ 23
Cxur Gas pressure in the cell Uncertainty on neutral gas |Established by the
pressure value during fixed point.aboratory or obtained
1 — open cells: uncertainty on lin@ scientific literature
pressure measurement Type B
2 - sealed cells: uncertainty on | (Max value-Min value)/ 3
pressure measurement during
sealing combined with
temperature profile
a) Repeatability of readings. Same SPRT Type A
No change during a shgt Same cell and same marjtle
X o.01°C time realization
- Same day
b) Repeatability of- Same SPRT (assumed stabl®easonably large set |of
temperature realised k- Same cell data: type A
cell - Different realisations of theé&Small number of data:
mantle (1) type B
- Different dates ﬂ{(l)PD rectangular and
measurement for take intsymmetrical:
account mantle ageing (2) | (Max value-Min value)/ 23
(2)PD rectangular and
not symmetrical:
(Max value-Min value)#/3
c) Short Repeatability of Same cell
SPRT to be calibrated |- Variation between TPW
measurement before and after
the considered fixed point
Cxo.011 | Purity and isotopicComparison between severBstablished by the
composition cells from different sources in theaboratory or obtained
same conditions. Use of the scientific literature
interlaboratory comparison data.Type B
(Max value-Min value)/ 23
Cxo.012 |Hydrostatic pressurdgstimated from the uncertaintistablished by the
correction on the distance between {Heaboratory
platihum sensor and the frggype B
liquid level (Max value-Min value)/ 23
Cxooy3z | Perturbing heat exchanges -Deviation from expecteEstablished by the
(between the sensor and tigdrostatic pressure correctipraboratory
surrounding parts different |@btained by changing immersiphype B

temperature from the liquic
solid phase change)

ldepth over 5 cm (length of ti
sensor)
-Modification of the thermg
exchange between thermomg
and its environment

n@ax value-Min value)/ 23

I
ter

-Use of different container design
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Quantity |Standard Uncertainty Method Evaluation
Cxoovua |self-heating correction Resolution of the bridgadiags) Established by the
uncertainty on the ratio betwegdmboratory or obtained
the two measuring currents in scientific literature
Variation in self heatingType B
correction observed in  afMax value-Min value)/ 23
apparent similar environment
Cxooys |bridge linearity Use of calibrated resistor [&stablished by the
checking the bridge. Comparispgraboratory or obtained
between readings on differgm scientific literature
bridges. Type B
Checking the symmetry of théMax value-Min value)/ 23
bridge
(R1/R2 = 1/(R2/R1) ?)
Cxoo1e |Difference between AC andstimated by using DC and AEstablished by the
DC measurements bridge Laboratory or obtained
in scientific literature
Type B
(Max value-Min value)/ 23
Cxoo017 |SPRT internal InsulatiofDecrease in resistance over sqiastablished by the
leakage (if any) hours in the triple point Laboratory or obtained
in scientific literature
Type B
(Max value-Min value)/ 23
DRrs/a Lack of stability of the Negligible if measurement Established by the
reference resistance value | performed in a short time (withigboratory
two successive days) Type B
(Max value-Min value)#/3
(PD: rectangular np
ymmetrical
(Max value-Min value)/ 23
(PD: rectangular
symmetrical)
Drs/a Change in value of the- uncertainty on calibratind Established by the
standard  resistor with  temperature Laboratory
thermostat temperature - uncertainty on temperaturgType B
at time of use (Max value-Min value)/ 23
- uncertainty on temperaturg
coefficient
Swi W; scatter - Same SPRT Reasonably large set o
- Same cell data: type A
- Different W values Small number of data:
type B
PD rectangular and
symmetrical:

(Max value-Min value)/ 23

Different days
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Workshop of CCT WG3 and EUROMET, Berlin 2001 PTB

State-of-the-art estimates for the uncertainty
component caused by impurities and isotopes

Basis of the estimates:

Standard deviations of the results near (CCT-K2tdhe fixed points
(CCT-K3, CCT-K4) of the CIPM Key Comparisons

Fixed point Estimate Fixed point Estimate
H> 0.4 mK Ga 0.2 mK
Ne 0.2 mK In 0.8 mK
O, 0.2 mK Sn 0.5 mK
Ar (CSPRT) 0.3 mK Zn 0.7 mK
Hg 0.25 mK Al 1.5 mK
H,O 0.1 mK Ag 4 mK

Proposal:

These guideline estimates should be used for waingrtbudgets if

State-of-the-art high-purity materials are used
and

No individual information on the impurity contestavailable.

EUROMET Project 552 attach document:

proposal of PTB
(EUROMET Workshop Berlin 2001)

78



Amendment to

Agreed EUROMET Project N° 552
Comparison of the realisations of the ITS-90 ovéetrange 83,805 8 K to 692,677 K

“Technical protocol”
(version 3 — 10/04/2001)

* Page 12

250uV

Is replaced by (typing mistake)

250uW

» Top of the page 13

e Carefully.......... 480°C
* Anneal......... 480°C
Is replaced by

e Carefully insert the SPRT into an annealing furnaldee co-pilot of the loop sets the annealing/disdiion
temperature of the circulating SPRT. Two rules ningsbbserved:

1-The annealing/stabilisation temperature mustdie/den 440°C and 480°C.

2- all the participants in a same loop must use s$hene annealing/stabilisation temperature.
Consequently, the co-pilot must transmit the chosemealing/stabilisation temperature to the
participating labs in its loop.

* Anneal the SPRT for two hours at the annealingiliéation temperature set by the co-pilot

* Second line of page 14

“If all of them........ report”
Is replaced by:

“The data of a participating laboratory will na imcluded in the report if any of the requiredadat
are missing”

* Page 14

Under the table the following paragraph is added:
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“Preferably, the measurements must corresponcetpeéhcentage given in the table. But it is
possible to use the measurements obtained in otimelitions. In this case, two complementary
information must be given in the report:
1- the approximate percentage of time at the mormktite measurement
2- an estimate of the potential difference betwibernvalues corresponding to the
recommended percentage of time and to the perceofagne used by the participating
laboratory*

» Participating laboratories

Some address must be modified
See Page 4 of the draft A

VNIIM has a lot of work provided for the next mosthnd finally Russia withdrawsom this
project
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Appendix B. Instrumentation details

The Tables presented in the next pages correspatie instrumentation details Excel files sent by
the participants in their reports
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name BEV SMD CMI Danish Technological Institute
Bridge

Manufacturer Measurement International ASL ASL ASL

Type TT13 F18 F18 F18

AC or DC DC AC AC AC

If AC, give Frequency 75 Hz 75 Hz 75

If DC, give Period of reversal 4s

Normal measurement current 1mA 1mA 1mA 1mA
Self-heating current 1.414 mA 1.414 mA 1,414 mA 1.414 mA
Evaluation of linearity of resistance

bridge (yes or not) yes No yes no
Reference resistor

Manufacturer Fluke Tinsley Tinsley H.M. Sullivan Ltd
Type 742A-100 5685A 5685 A (100 W), 5684 S (25 W) 1613
Reference resistor temperature control (yes or not) yes Yes yes yes

TPW Cell

Home made or not No -Hart Scientific No - NPL cells NPL type 32 N° 1025 and 1038 no
Immersion depth of middle of the SPRT sensible element/cm 24 cm 18.3cm 251 mm; 242 mm ~26 cm

How are mantles maintained (ice, bath,....)

Hart Scientific bath

Isotech bath

Water Triple Point Maintenance Bath Isotech

Isothermal enclosure with ice/water,

Zn Cell

Home made or not No - Isotech No - Pyro-Contréle Isotech model ITL-M-17761 ZN76 no
Closed cell or open Closed Closed closed cell open
Nominal purity 99,9999% 99,999 9% 99,999 9% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 24 cm 11.5cm 128 mm 13cm
Zn Furnace

Home or not no No - Pyro-Contréle Isotech model ITL 17703 no
Type (1 zone, 3 zones, heat pipe, ....... ) Heat pipe 1 - air flow 3 zone Medium Temperature Furnace 3 zones
Typical duration of the melting plateau 3h 4h30 3h 5h
Typical duration of the freezing plateau more than 10 h 5h30 10 h 10 h
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name BEV SMD CMI Danish Technological Institute
Sn Cell

Home made or not no -Isotech No - Pyro-Controle Isotech model ITL-M-17669 SN46 no
Closed cell or open Closed Closed closed cell open
Nominal purity 99,9999% 99,999 9% 99,999 9% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 24 cm 11.5cm 127 mm 13 cm
Sn Furnace

Home or not no Not - Pyro-Controle Isotech model 17701 no
Type (1 zone, 3 zones, heat pipe, ....... ) Heat pipe 1 - air flow 1 zone 3 zones
Typical duration of the melting plateau 3h 3h 3h 5h
Typical duration of the freezing plateau more than 10 h 4h 10h 10 h

In Cell

Home made or not no No - Pyro-Contrble Isotech model ITL-M-17668 IN33 no
Closed cell or open Closed Closed closed cell open
Nominal purity 99,9999% 99,999 9% 99,999 9% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 24 cm 11.5cm 113 mm 13 cm
In Furnace Isotech model 17701

Home or not no Not - Pyro-Contréle not no
Type (1 zone, 3 zones, heat pipe, ....... ) AYRIES (Al powder bath) 1 - air flow 1 zone 3 zones
Typical duration of the melting plateau 3h 1h30 4 hours

Typical duration of the freezing plateau more than 10 h 5h30 13 hours 5h

Ga Cell

Home made or not no Not - Pyro-Controle Isotech model 17401 GA137 no
Closed cell or open Closed Closed closed cell sealed
Nominal purity 99,999 9% 99,999 9% 99,999 99% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 16,8 cm 12.5cm 206 mm 20 cm
Ga Furnace

Home or not no Not - Pyro-Controle Isotech model 17402A no
Type (1 zone, 3 zones, heat pipe, ....... ) Hart Scientific 9230 1 - air flow - 1 zone
Typical duration of the melting plateau 3h 17h 14 h 12 h
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name BEV SMD CMI Danish Technological Institute
Hg Cell

Home made or not no Not - Isotech TP cell ITL-M-17724 ISOTECH MO65 no
Closed cell or open Closed Closed closed cell sealed
Nominal purity 99,999 9% 99,999 95% 99,999 9% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 24 cm 12.5cm 148 mm 17cm
Hg cryostat

Home or not no Not - Heto Isotech model 17725 no
Type (cryostat, bath, ....... ) Cryostat Isotech Bath cryostat bath
Typical duration of the melting plateau 3h 10h30 12 hours 6h

Ar Cell

Home made or not Not - BNM-INM

Closed cell or open Closed

Nominal purity 99,9999%

Immersion depth of middle of the SPRT sensible element/cm 12 cm

Ar cryostat

Home or not Not - BNM-INM

Type (crycooler, bath,..) Liquid N2 bath

Typical duration of the plateau 4h00
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name MIKES BNM-INM PTB EIM

Bridge

Manufacturer easurements International Limitg guildline ASL Measurements International Ltd, Canada

Type 6015T b675 (Ar and Ag)/ 997 F18 6010B

Unity reading cannot be made on this bridge resistance ratio 1,0000001 0.000000001 in ratio

AC or DC DC DC AC DC

If AC, give Frequency 25 Hz

Normal measurement current 1 mA 1 mA 1 mA 1mA

Self-heating current 1.4142 mA 1,414 mA 1,141 mA 1.414mA

Evaluation of linearity of resistance

bridge (yes or not) yes not (Ar and Ag) / yes Yes yes

Reference resistor

Manufacturer Tinsley guildline H.Tinsley & Co Ltd., New Addington, England SN:274988 Tinsley&Co Ltd

Type 5685A 9330 5685 A 5685A, 250hms

Reference resistor temperature control (yes or not) yes yes Yes Yes

TPW Cell

Home made or not NPL type 32 sn 1041 not commercial, manufacturer : NMI D97, NPL type 32, Laboratory of Gov. Chemisi
home made (Ar and Hg)

Immersion depth of middle of the SPRT sensible element/c 18.85 cm 19 cm 19 cm / 21,90cm (Ar and Hg) 18.75cm

How are mantles maintained (ice, bath,....)

ech 1 TS-M-18233 bath sn 1614

a bath Isotech

Water triple point bath from ISOTECH

Crashed Ice in Dewar Vessel

temperature controlled enclosure (Ar and Hg)

Zn Cell

Home made or not sotech ITL-M-17671 S sn Zn 15( Home made home made Zn161, type:ITL-M-17671, Isotech
Closed cell or open closed Closed cell open Closed

Nominal purity 99.999 995 % 99.999 9% 99,999 9% 99,999 9%

Immersion depth of middle of the SPRT sensible element/c 15.35cm 14,5 cm 15,5 cm 14.75cm

Zn Furnace

Home or not Isotech ITL-M-17706 sh 19219-1 Home made commercial, manufacturer : ISOTECH 96034, type: 9114, Hart Scientific
Type (1 zone, 3 zones, heat pipe, ....... ) potassium heat pipe air furnace 3 zones furnace 3 zones

Typical duration of the melting plateau 7h 4 h 8.6 h

Typical duration of the freezing plateau 12 h 11 h 6...10 h 10 h
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name MIKES BNM-INM PTB EIM

Sn Cell

Home made or not sotech ITL-M-17669 S sn Sn 13 Home made commercial, manufacturer : ISOTECH Sn108, type:ITL-M-17669, Isotech
Closed cell or open closed Closed cell open Closed

Nominal purity 99.999 95 % 99.999 95 % 99,999 9% 99,999 9%

Immersion depth of middle of the SPRT sensible element/c| 15.35 cm 14,5 cm 15 cm 17.25cm

Sn Furnace

Home or not Isotech ITL-M-17707 sn 214 681 Home made commercial, manufacturer : ISOTECH 96034, type: 9114, Hart Scientific
Type (1 zone, 3 zones, heat pipe, ....... ) water heat pipe air furnace 3 zones furnace 3 zones

Typical duration of the melting plateau 8 h 9h 9h

Typical duration of the freezing plateau 18 h 5h about 10 h 14 h

In Cell

Home made or not

Isotech ITL-M-17668 O sn In-92

ntrole under BNM-IN

commercial, manufacturer : ISOTECH

In49, type:ITL-M-17668, Isotech

Closed cell or open open Closed cell open Closed

Nominal purity 99.999 95 % 99,999 9% 99,999 9% 99,999 9%

Immersion depth of middle of the SPRT sensible element/ci 15.35 cm 15cm 15 cm 14.75cm

In Furnace

Home or not Isotech ITL-M-17707 sn 214 681} Home made commercial, manufacturer : ISOTECH 96034, type: 9114, Hart Scientific
Type (1 zone, 3 zones, heat pipe, ....... ) water heat pipe air furnace 3 zones furnace 3 zones

Typical duration of the melting plateau 3h 4h 7.5h

Typical duration of the freezing plateau 5h 10 h about 8 h 10.8 h

Ga Cell

Home made or not llow Springs Ga M-17401 S.N. 1 Home made commercial, manufacturer : YSI Ga83, type:ITL-M-17401, Isotech
Closed cell or open closed Closed cell Closed in teflon cashing, permeable to air
Nominal purity 99.999 9+ % 99,999 9% better 99,999 99 % 99,999 9%

Immersion depth of middle of the SPRT sensible element/ci 20,35 cm 15cm 26 cm 21.75cm

Ga Furnace

Home or not Hart 7037 sn 8C048 Home made commercial, manufacturer : YSI 151125-1, type: 17402A, Isotech
Type (1 zone, 3 zones, heat pipe, ....... ) water bath air furnace 1 zone, Peltier heating and cooling
Typical duration of the melting plateau 6 h 16 h about 14 h 14.3 h
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name MIKES BNM-INM PTB EIM
Hg Cell
Home made or not home made (TTK) Home made commercial, manufacturer: ISOTECH Ltd. Mo86, type:ITL-M-17924, Isotech
Closed cell or open closed open cell closed cell, model: ITL-M-17724 Closed
Nominal purity 99,999 95 % 99,999 99 % 99,999 998 % 99,999 9%
Immersion depth of middle of the SPRT sensible element/c 14,35 cm 20 cm 14,8 cm 14.75cm
Hg cryostat
Home or not Hetocal KB23-2 sn 8504198 home made commercial, manufacturer: ISOTECH Ltd. 181303-4, type: ITL-M-17725, isotech
Type (cryostat, bath, ....... ) alcohol bath bath elf-contained mechanically-refrigerated systen cryostat
, model: ITL-M-17725
Typical duration of the melting plateau 12 h 14 h 15 h 11.9h
Ar Cell
Home made or not S.0.R.I.M.E sn Ar-INM-39-CMA| home made commercial, manufacturer: BIPM-INM/CNAM There is not an Ar cell
Closed cell or open closed closed cell closed cell, Ar-INM-26-PTB
Nominal purity 99.999 9 % 99.999 9 % 99.999 8 %
Immersion depth of middle of the SPRT sensible element/c 8.35cm 7,5cm 8 cm
Ar cryostat
Home or not S.O.R.I.M.E home made commercial, manufacturer: BIPM-INM/CNAM
Type (crycooler, bath,..) liguid nitrogen cryostat cryostat Nitrogen cryostat
Typical duration of the plateau 6 h 4h 5h
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name OMH NML IMGC SMS/SPI
Bridge
Manufacturer Guildline ASL Automatic Systems Laboratories Measurements International Ltd., Canada
Type 9975 F18 F18 Automatic DC bridge, model 6010T
Unity reading 8 digit 1,0000000
AC or DC DC AC AC DC
If AC, give Frequency 75Hz 25
Normal measurement current 1 mA 1mA 2mA (1,4142 mA for Triple Point of Water) 1 mA
Self-heating current 1,414 mA Square Root 2mA 2,8284 mA (2 mA for TPW) 1.414 mA
Evaluation of linearity of resistance
bridge (yes or not) Yes Yes yes yes
Reference resistor H. Tinsley & Co Ltd., UK
Manufacturer Cambridge Tinsley Tinsley Wilkins type, model 5685A - 25 Ohms
Type 10 ohm 5685A 5685A - 100 ? yes, at 23 °C, +/- 0.01 °C
Resistor kept in the oil bath made by Isotech,
Reference resistor temperature control (yes or not) Yes Yes yes model 455
TPW Cell
Home made or not Not home made Not Home made Made by Hart Scientific, model 5901
Immersion depth of middle of the SPRT sensible element/c 23 cm 0.1831m 22,5cm 22,2 cm
Cell kept in the bath made by Hart Scientific,
How are mantles maintained (ice, bath,....) bath Ice ice model 7012
Zn Cell
Home made or not Not home made Not NIST made Made by Hart Scientific, model 5906
Closed cell or open Closed cell Closed open closed
Nominal purity 6N 100,00% 99,9999% 99.9999%+
Immersion depth of middle of the SPRT sensible element/c 18 cm 0.1351m 18 cm 16,2 cm
Zn Furnace
Home or not Not home made Not Home made Made by Hart Scientific, model 9114
Type (1 zone, 3 zones, heat pipe, ....... ) 3 zones 1 Zone Heat pipe 3 zones
Typical duration of the melting plateau 4h 18 h 8 h
Typical duration of the freezing plateau 10 h 12 h 70 h 10 h

89




Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name OMH NML IMGC SMS/SPI
Sn Cell
Home made or not Not home made Not Home made Made by Hart Scientific, model 5906
Closed cell or open Closed cell Closed open closed
Nominal purity 6 N 99,9999% 99,9999% 99.9999%+
Immersion depth of middle of the SPRT sensible element/c 18 cm 0.1351m 18 cm 16,2 cm
Sn Furnace
Home or not Not home made Not Home made Made by Hart Scientific, model 9114
Type (1 zone, 3 zones, heat pipe, ....... ) 1 zone 1 Zone Heat pipe 3 zones
Typical duration of the melting plateau 6 hours 14.5h 8 h
Typical duration of the freezing plateau 9 hours 13 h 50 h 10 h
In Cell
Home made or not Home made
Closed cell or open open
Nominal purity 99,9999%
Immersion depth of middle of the SPRT sensible element/cm 16 cm
In Furnace
Home or not Home made
Type (1 zone, 3 zones, heat pipe, ....... ) Heat pipe
Typical duration of the melting plateau
Typical duration of the freezing plateau
40 h
Ga Cell
Home made or not Not home made Not Home made Made by Isotech, model ITL-M-17401
Closed cell or open Closed cell Closed open closed
Nominal purity 8N 99,9999% 99,99999% 99.99999%+
Immersion depth of middle of the SPRT sensible element/c 17 cm 0.2001m 12 cm 19,7 cm
Ga Furnace
Home or not Not home made Not Home made Made by Hart Scientific, model 7037
Type (1 zone, 3 zones, heat pipe, ....... ) Complet apparatus ITL Model 17402(A) 1 zone bath
Typical duration of the melting plateau 11 hours 13 h 150 10 h
Typical duration of the freezing plateau 10 h
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name OMH NML IMGC SMS/SPI
Hg Cell
Home made or not Not home made Not Commercial Made by Hart Scientific, model 5900
Closed cell or open Closed cell Closed sealed closed
Nominal purity 8 N 99,99999% 99,9999% 99.9999%+
Immersion depth of middle of the SPRT sensible element/c 19 cm 0.1441m 15 cm 16,7 cm
Hg cryostat
Home or not Not home made Not Home made Made by Hart Scientific, model 7037
Type (cryostat, bath, ....... ) Cryostat Cryostat Heat exchanger bath
Typical duration of the melting plateau 7h 12 h 30 h 12 h
Ar Cell
Home made or not BNM model
Closed cell or open
Nominal purity
Immersion depth of middle of the SPRT sensible element/cm
Ar cryostat
Home or not BNM model
Type (crycooler, bath,..)
6 h

Typical duration of the plateau
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name NMi-VSL Justervesenet GUM IPQ

Bridge

Manufacturer ASL ASL ASL ASL

Type F18 F18 F18 F18

AC or DC AC AC AC AC

If AC, give Frequency 25 Hz 75Hz 75 Hz 75 Hz

If DC, give Period of reversal

Normal measurement current 1 mA 1mA 1 mA 1 mA

Self-heating current 1.41 mA 1,41 mA  (1IV2mA) V2mA v2mA

Evaluation of linearity of resistance

bridge (yes or not) yes Not not No

Reference resistor

Manufacturer Tinsley Tinsley Tinsley Tinsley

Type 5684 5685A 5685 A Model 5685A

Reference resistor temperature control (yes or not) Yes Yes yes Yes

TPW Cell

Home made or not Home made NPL-type cells NPL type 32 Hart Scientific

Immersion depth of middle of the SPRT sensible element/cm 21.6 cm/20.6 cm dependent on cell 20cm 19cm 23 cm
stirred bath Isotech maintenance bath PVC box in ice

How are mantles maintained (ice, bath,....)

Bath; Yellow Springs,

Zn Cell

Home made or not Home made Pyrocontrole, France Isotech typ ITL-M-17671 Yellow Springs -
Closed cell or open open Closed closed Closed
Nominal purity 99,999 9% 99,999 9% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 14,1 cm 15cm 16 cm 15cm

Zn Furnace

Home or not Home made Isotech model ITL 17702 Isotech type ITL-M-17706 Yellow Springs -
Type (1 zone, 3 zones, heat pipe, ....... ) 3 zone Heatpipe heat pipe 1 zone
Typical duration of the melting plateau 2 hours 3 hours
Typical duration of the freezing plateau > 10 hours 4 hours 6 hours 5 hours
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name NMi-VSL Justervesenet GUM IPQ

Sn Cell

Home made or not Home made Pyrocontrole, France Isotech typ ITL-M-17669 Yellow Springs
Closed cell or open open Closed closed Closed
Nominal purity 99,999 9% 99,999 9% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 16,1 cm 15cm 16 cm 16,5cm

Sn Furnace

Home or not Home made Isotech Model ITL 17704 Isotech type ITL-M-17701 Yellow Springs -
Type (1 zone, 3 zones, heat pipe, ....... ) 3 zones Heatpipe 1zone 1 zone
Typical duration of the melting plateau 2 hours 3 hours
Typical duration of the freezing plateau > 10 hours 4 hours 5 hours 5 hours

In Cell

Home made or not Home made Pyrocontrole, France Isotech typ ITL-M-17669 Isotech - Model ITL M-17668
Closed cell or open open Closed closed Closed
Nominal purity 99,999 99% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 14,6 cm 15cm 16 cm 18,4 cm

In Furnace

Home or not Home made Isotech Model ITL 17704 Isotech type ITL-M-17701 Yellow Springs -
Type (1 zone, 3 zones, heat pipe, ....... ) 3 zones Heatpipe 1 zone 1 zone
Typical duration of the melting plateau 2 hours 6 hours
Typical duration of the freezing plateau > 10 hours 5 hours 5 hours 9 hours

Ga Cell

Home made or not Commercial Engelhard Pyro Contorle Isotech typ ITL-M-17401 Yellow Springs -
Closed cell or open closed Closed Closed
Nominal purity 99,999 9% 99,999 9% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 24,1 cm 16 cm 16cm 17,5cm
Ga Furnace

Home or not Commercial Engelhard Pyro Contorle Isotech typ ITL-M-17402A Yellow Springs -
Type (1 zone, 3 zones, heat pipe, ....... ) 1 zone Controled heater 1 zone
Typical duration of the melting plateau 6 hours 12 hours 12 hours 11 hours
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name NMi-VSL Justervesenet GUM IPQ

Hg Cell

Home made or not Home made YsI ITL-M-17724 ISOTECH Yellow Springs -
Closed cell or open closed Sealed closed Closed
Nominal purity 99,999 99% 99,999 9% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 13,8cm 18 cm 16 cm 17,8 cm

Hg cryostat

Home or not Commercial YSI ITL-M-17725 ISOTECH Yellow Springs
Type (cryostat, bath, ....... ) stirred alcohol bath Cryostat Cryostat
Typical duration of the melting plateau > 10 hours 15 hours 12 hours 9 hours

Ar Cell

Home made or not BNM-INM Pond BNM-INM BNM-INM
Closed cell or open Closed closed Closed cell s
Nominal purity 99,999 9% N60
Immersion depth of middle of the SPRT sensible element/cm 6,1 cm 13 cm 6cm 7,5cm

Ar cryostat

Home or not BNM-INM Pond BNM-INM BNM-INM
Type (crycooler, bath,..) Pressure controlled LN2 bath Model K38 Crycooler
Typical duration of the plateau 2-3 hours 4 hours 4 hours




Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name INM (Ro) CEM SMU MIRS/FE-LMK

Bridge

Manufacturer Guildline AS.L. ASL Measurement International
Type 9975 F900 F18 6010 B

AC or DC DC AC AC DC

If AC, give Frequency 75 Hz 75 Hz

If DC, give Period of reversal 4s 10s

Normal measurement current 1 mA 1mA 1mA 1 mA, unless otherwise mentioned
Self-heating current V2 mA V2 mA 1,414 mA 1,41 mA, unless otherwise mentioned
Evaluation of linearity of resistance

bridge (yes or not) Not yes Not at present time yes

Reference resistor

Manufacturer ZIP-Krasnodarsk, USSR Tinsley Tinsley Tinsley

Type P-321 (10 ohms) AC/DC model 5685 A 5685 A Wilkins type 5685 A
Reference resistor temperature control (yes or not) Yes yes Yes yes

TPW Cell

Home made or not Laboratory of the Government Chemist (UK) not not Not (made by VSL-Nmi, Delft, NL)
Immersion depth of middle of the SPRT sensible element/cm 19cm 26 cm 20,5cm 27 cm

How are mantles maintained (ice, bath,....) Ice stirred water bath TPW bath (ISOTECH) water triple point maintenance bath Isotech
Zn Cell

Home made or not Home made not not Not

Closed cell or open Closed open closed Closed

Nominal purity 99.999 4 % 99,999 9 % 99,999 9 % 99,999 9 %

Immersion depth of middle of the SPRT sensible element/cm 21lcm 12cm 17,5cm 18 cm

Zn Furnace

Home or not Home made not not Not

Type (1 zone, 3 zones, heat pipe, ....... ) 1zone, aluminium core 3 zones 3 zones heat pipe, 3 zone and fluidised sand bath
Typical duration of the melting plateau 15h 9 hours 3-6 hours

Typical duration of the freezing plateau 3h 8,5 hours 12 h 8-10 hours
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name INM (Ro) CEM SMU MIRS/FE-LMK

Sn Cell

Home made or not Home made not not Not

Closed cell or open Closed open closed open

Nominal purity NA unknown 99,999 9 % 99,999 9 %
Immersion depth of middle of the SPRT sensible element/cm 22cm 15¢cm 17,5cm 18 cm

Sn Furnace

Home or not Home made not not Not

Type (1 zone, 3 zones, heat pipe, ....... ) 1zone, aluminium core 3 zones 3 zones 3 zone and fluidised sand bath
Typical duration of the melting plateau 2h 10 hours 3-6 hours

Typical duration of the freezing plateau 4h 9,5 hours min. 12 h 8-10 hours

In Cell

Home made or not Home made not not Not

Closed cell or open Closed open closed closed

Nominal purity 99.99 % 99,999 9 % 99,999 9 % 99,999 9 %
Immersion depth of middle of the SPRT sensible element/cm 16 cm 13cm 17 cm 18 cm

In Furnace

Home or not Home made not not Not

Type (1 zone, 3 zones, heat pipe, ....... ) 1zone, aluminium core 3 zones 3 zones 3 zone and fluidised sand bath
Typical duration of the melting plateau 0.5h 8,5 hours 3-6 hours

Typical duration of the freezing plateau 1h 8,5 hours 14 h 8-10 hours

Ga Cell

Home made or not Home made not home made not

Closed cell or open Closed closed closed closed

Nominal purity 99.9999 % 99,999 9+ % 99.99999 % >99,99999 %
Immersion depth of middle of the SPRT sensible element/cm 14 cm 25cm 17,5cm 25cm

Ga Furnace

Home or not Not not not Not

Type (1 zone, 3 zones, heat pipe, ....... ) Water bath 1zone liquid bath Isotech Gallium point apparatus
Typical duration of the melting plateau 21h 9 hours min. 15 h 14-16 hours
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name INM(Ro) CEM SMU MIRS/FE-LMK
Hg Cell
Home made or not Home made not home made Not
Closed cell or open Closed cell close closed closed
Nominal purity NA 99,999 95% 99,999 9% 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 11cm 17cm 8,3cm 17 cm
Hg cryostat
Home or not Home made not not Not
Type (cryostat, bath, ....... ) Bath alcohol stirred bath liquid bath Bath
Typical duration of the melting plateau 15h 9 hours 6h 8-14 hours

1h 8,5 hours 4-6 hours
Ar Cell
Home made or not Home made not Not
Closed cell or open Closed cell closed closed
Nominal purity 99.999 83 % 99,999 9 % 99,999 9 %
Immersion depth of middle of the SPRT sensible element/cm 10 cm 7cm 9cm
Ar cryostat
Home or not Home made not Not
Type (crycooler, bath,..) Liquid N, bath liquid nitrogen bath Dewar made by the SORIME, France
Typical duration of the plateau 25h 9 hours 6-8 hours
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name SP METAS UME NPL

Bridge

Manufacturer ASL MI MI/ ASL ASL

Type F18 6010T 6015T/ F18 F18

AC or DC AC DC DC/ AC AC

If AC, give Frequency 75 Hz LOW 25 Hz (75 Hz for Hg, Ar)
If DC, give Period of reversal 6s 20

Normal measurement current 1 mA 1mA 1 mA 1mA
Self-heating current 1,41mA 1,41mA 1,41mA ?2mA
Evaluation of linearity of resistance not yes Yes Yes

bridge (yes or not)

Reference resistor

Manufacturer Tinsley Guidline Tinsley H Tinsley & Co Ltd
Type 5685A 1000hm s/n 237850 9330 AC/DC Wilkinson 5684C (5685A for Hg, Ar) 100 ohm
Reference resistor temperature control (yes or not) not yes Yes yes

TPW Cell

Home made or not NPL 32 Hart Scientific Home made manufactured at LGC
Immersion depth of middle of the SPRT sensible element/cm 19,3cm 24 cm 23,5cm 18.5 cm (17.9 cm for Hg, Ar)
How are mantles maintained (ice, bath,....) TPW bath ISOTECH ice In TPW cell maintanance bath stored in ice

Zn Cell

Home made or not Hart 5906 Hart Scientific NPL made at NPL
Closed cell or open closed closed Closed open

Nominal purity 99,999 9 % 99,999 9 % 99,999 9 % 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 16,0cm 16 cm 17,8 cm 13.6 cm

Zn Furnace

Home or not Carbolite CTF 12/75 Isotech type M 17706 Not (Carbolite) Carbolite Furnaces Ltd
Type (1 zone, 3 zones, heat pipe, ....... ) 1 zone With Al block heat pipe 3-Zones 3-zone

Typical duration of the melting plateau 2h 6 h 6 hours 8 hours

Typical duration of the freezing plateau 6h 14h 10 hours 8-10 hours
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name SP METAS UME NPL

Sn Cell

Home made or not NPL Hart Scientific Not (NPL made) made at NPL
Closed cell or open open closed Closed open
Nominal purity 99,999 9 % 99,999 9 % 99,999 9 % 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 14,5 cm 14,8 cm 17,7 cm 13.6 cm

Sn Furnace

Home or not Carbolite CTF 12/75 Isotech ITL-M-17707 Not (Carbolite) Carbolite Furnaces Ltd
Type (1 zone, 3 zones, heat pipe, ....... ) 1 zone With Al block heat pipe 3-Zones 3-zone
Typical duration of the melting plateau 2h 6h 6 hours 9 hours
Typical duration of the freezing plateau 6h 14 h more than 12 hours 8-10 hours

In Cell

Home made or not ISOTECh ITL-M-17668 Hart Scientific Not (NPL made) made at NPL
Closed cell or open open closed Closed open
Nominal purity 99,999 9 % 99,999 9 % 99,999 9 % 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 16,5cm 14,5 cm 17,5cm 13.6 cm

In Furnace

Home or not ISOTECH ITL-M-17702 ISOTECH ITL-M-17707 Not (Carbolite) Carbolite Furnaces Ltd
Type (1 zone, 3 zones, heat pipe, ....... ) water heat pipe heat pipe 3-Zones 3-zone
Typical duration of the melting plateau 2h 5h 8 hours 12 hours
Typical duration of the freezing plateau 6h 12 h 9 hours 8-10 hours

Ga Cell

Home made or not ISOTECH ITL-M-17401 YSI type 17401 Not (Isotech made) made at NPL
Closed cell or open closed closed closed open
Nominal purity 99,999 99% 99,999 99 % 99,999 9 % 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 16,5cm 22 cm 28cm 13.7 cm

Ga Furnace

Home or not ISOTECH ITL-M-17402 YSI type 17402 Not (Isotech) Grant Instruments (Cambridge) Ltd
Type (1 zone, 3 zones, heat pipe, ....... ) 1 zone 1 zone stirred oil bath
Typical duration of the melting plateau 15h 12h 12 hours >16 hours
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Instrumentation Details

EUROMET Regional Key Comparison (EUROMET Project 552)

Laboratory name SP METAS UME NPL

Hg Cell

Home made or not ISOTECH ITL-M-17724 Hart Scientific Not (NPL made) made at NPL

Closed cell or open closed closed Closed closed

Nominal purity 99,999 9% 99,999 99% 99,999 9 % 99,999 99%
Immersion depth of middle of the SPRT sensible element/cm 16,5 cm 15,3 cm 26 cm 13.5cm

Hg cryostat

Home or not Heto SA-121 YSI type 17725 Not ( Pond Engineering) assembled at NPL

Type (cryostat, bath, ....... ) Ethanol bath cryostat Bath refrigerated probe in stirred bath
Typical duration of the melting plateau 2h 25h 10 hours 20 hours

Ar Cell

Home made or not BNM-INM BNM-INM Not (Termis) made at NPL

Closed cell or open closed closed Closed closed

Nominal purity 99,999 9 % 99,999 9 % 99,999 9 % 99,999 9%
Immersion depth of middle of the SPRT sensible element/cm 55cm 9,3cm 8cm 7 cm approx.

Ar cryostat

Home or not Ets AG SALVE BNM-INM Not ( Termis) made at NPL

Type (crycooler, bath,..) LN2 bath LN2 bath LN2 bath pressurised bath of liquid nitrogen
Typical duration of the plateau 5 hours 3h 5 hours 5 hours
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Appendix C. Uncertainties budgets
C1. Freezing point of Zinc

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 1 SPRT ISOTECH 036
BNM-INM SMU OMH

X Repeatability of readings included in Wt scatter 0,225
C xn Uncertainty linked with purity 0,441 0,270 0,563
C w2 Uncertainty linked Hydrostatic pressure correction 0,008 0,013 0,024
C w3 Uncertainty linked with perturbing heat exchanges 0,118 0,050 0,045
C s Uncertainty linked with self-heating correction 0,029 0,030 0,168
C s Uncertainty linked with bridge linearity 0,059 0,060 0,015
C xue Uncertainty linked with AC/DC current negligible 0,000
C xu7 Uncertainty linked with gas pressure included in Cxt/1 0,047 0,675
Xooic [|Repeatability of readings included in Wt scatter 0,145

Repeatability of temperature realized by cell 0,064 0,058

Short repeatability of calibrated SPRT 0,197 0,058
C oo1cn [Uncertainty linked with purity and isotopic composition 0,151 0,130 0,029
Cooicz |Uncertainty linked Hydrostatic pressure correction 0,006 0,005 0,025
Coo1ciz [Uncertainty linked with perturbing heat exchanges 0,076 0,050 0,029
C oo1cia [Uncertainty linked with self-heating correction 0,076 0,030 0,047
C oo1cs [Uncertainty linked with bridge linearity included in Cxt/5 0,130 0,015
C o1 [Uncertainty linked with AC/DC current negligible
C oo1crr [Uncertainty linked with internal insulation leakage 0,026
Drsi Uncertainty linked with stability of RS negligible 0,367
Dgs/2 Uncertainty linked with temperature of RS 0,022 0,020 0,367
Swt Wt scatter 0,200 0,250 0,022
Combined uncertainty 0,570 0,430 1,085
Expanded uncertainty 1,150 0,860 2,170
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Zinc

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 2 SPRT 1283

BNM-INM IMGC CEM IPQ METAS | MIRS/FE-LMK BEV
X Repeatability of readings included in Wt scatter 0,006 0,050 0,010 0,013 0,030 0,052
Repeatability of temperature realized by cells 0,019
C w1 Uncertainty linked with purity 0,441 0,312 0,540 0,700 0,541 0,400 0,100
C xi2 Uncertainty linked Hydrostatic pressure correction 0,008 0,005 0,030 -0,016 0,016 0,012 0,010
C w3 Uncertainty linked with perturbing heat exchanges 0,118 0,035 0,030 0,162 0,048 0,100 0,026
C xya Uncertainty linked with self-heating correction 0,029 0,007 0,060 0,002 0,344 0,030 0,262
C xus Uncertainty linked with bridge linearity 0,059 0,001 0,130 0,015 0,042 0,050 0,400
C xue Uncertainty linked with AC/DC current negligible 0,001 0,120 0,100 0,000 0,001
C xu7 Uncertainty linked with gas pressure included in Cxt/1 0,029 0,020 0,063 0,050 0,010
Xooic |Repeatability of readings included in Wt scatter 0,058 0,040 0,047 0,010 0,020 0,020
Repeatability of temperature realized by cell 0,064 0,010 0,105 0,017 0,050 0,480
Short repeatability of calibrated SPRT 0,302 0,560 0,098 0,063 0,050
C oo1cin |Uncertainty linked with purity and isotopic composition 0,151 0,100 0,100 0,006 0,050 0,100
Coo1cre |Uncertainty linked Hydrostatic pressure correction 0,006 0,010 0,001 0,004 0,005 0,010
C o.01cs3 |Uncertainty linked with perturbing heat exchanges 0,076 0,020 0,016 0,038 0,010 0,000
C 01 |Uncertainty linked with self-heating correction 0,076 0,120 0,003 0,134 0,030 0,050
C o0.01c5 |Uncertainty linked with bridge linearity included in Cxt/5 0,340 0,006 0,014 0,050 0,000
C o.01cs |Uncertainty linked with AC/DC current negligible 0,090 0,050 0,000 0,000
C o017 |Uncertainty linked with internal insulation leakage 0,026 0,003 negligible 0,006 0,000 0,000
Drsi1 Uncertainty linked with stability of RS negligible negligible 0,058 0,006 0,000 0,001
Drsp2 Uncertainty linked with temperature of RS 0,022 0,001 negligible 0,003 0,029 0,005 0,000
Swt W1 scatter 0,31 0,522 0,020 0,266 0,352 0,906 0,250
Combined uncertainty 0,67 0,613 0,890 0,790 0,760 1,015 0,742
Expanded uncertainty 1,34 1,225 1,780 1,580 1,520 2,029 1,484
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Zinc

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 3 Tinsley274686
BNM-INM NMI-VSL MIKES DTI SP SMS/SPI

X Repeatability of readings included in Wt scatter 0,115 0,014 0,200 0,030 0,037
C w1 Uncertainty linked with purity 0,441 0,312 0,700 0,700 0,400 0,700
C 2 Uncertainty linked Hydrostatic pressure correction 0,008 0,016 0,016 0,020 0,020 0,008
C 3 Uncertainty linked with perturbing heat exchanges 0,118 0,017 0,067 0,100 0,460 0,029
C xua Uncertainty linked with self-heating correction 0,029 0,004 0,017 0,200 0,060 0,033
C x5 Uncertainty linked with bridge linearity 0,059 0,115 0,007 0,030 0,010 0,045
C xus Uncertainty linked with AC/DC current negligible 0,200 0,046 0,120 negligible
C w7 Uncertainty linked with gas pressure included in Cxt/1 0,001 0,017 0,600 0,010 0,022
Xoo01C Repeatability of readings included in Wt scatter 0,077 0,005 0,010 0,030 0,134

Repeatability of temperature realized by cell 0,064 0,189 0,020 0,010 0,141

Short repeatability of calibrated SPRT 0,302 0,048 0,020 0,170 0,283

uncertainty of correction to EUROMET 549 value 0,096
C 001cn JUncertainty linked with purity and isotopic composition 0,151 0,090 0,100 0,010 0,060 0,257
Cooicz JUncertainty linked Hydrostatic pressure correction 0,006 0,005 0,001 0,040 0,010 0,003
C 001z [Uncertainty linked with perturbing heat exchanges 0,076 0,026 0,023 0,010 0,030 0,032
C oo1cia JUncertainty linked with self-heating correction 0,076 0,005 0,001 0,050 0,060 0,042
C o015 [Uncertainty linked with bridge linearity included in Cxt/5 0,074 0,003 0,030 0,010 0,014
C o.01cie [Uncertainty linked with AC/DC current negligible 0,021 0,060 negligible
C o017 |Uncertainty linked with internal insulation leakage 0,026 0,003 0,010 0,040
Drsi Uncertainty linked with stability of RS negligible 0,064 0,036 0,030 negligible negligible
Drsi2 Uncertainty linked with temperature of RS 0,022 0,006 0,050 0,120 0,021
Swt W1 scatter 0,290 0,080 0,047 0,020 0,070 0,027
Combined uncertainty 0,650 0,442 0,748 0,975 0,675 0,828
Expanded uncertainty 1,300 0,884 1,496 1,951 1,350 1,656
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Zinc

Quantity Components Uncertainty contribution
Qi ui in mK
LOOp 4 YSI 4807

BNM-INM PTB GUM CMI INM (Ro) UME
Xi Repeatability of readings included in Wt scatter | see Wt scatter 0,111 0,004 0,051
C xin Uncertainty linked with purity 0,441 0,540 0,600 0,540 1,750 0,700
C xu2 Uncertainty linked Hydrostatic pressure correction 0,008 0,019 0,016 0,005 0,010 0,014
C xu3 Uncertainty linked with perturbing heat exchanges 0,118 0,100 0,078 0,200 0,230 0,078
C xya Uncertainty linked with self-heating correction 0,029 0,228 0,109 0,200 0,061 0,200
C xus Uncertainty linked with bridge linearity 0,059 0,171 0,218 0,110 0,094 0,013
C xus Uncertainty linked with AC/DC current negligible 0,011 0,005
C xu7 Uncertainty linked with gas pressure included in Cxt/1 0,120 0,120 0,017 0,022 0,000
Xoo1c Repeatability of readings included in Wt scatter | see Wt scatter 0,074 0.150 0,030
Repeatability of temperature realized by cell 0,064 see Wt scatter 0,056 0,067
Short repeatability of calibrated SPRT 0,378 see Wt scatter 0,093 0,125
C oo1cin |Uncertainty linked with purity and isotopic composition 0,151 0,079 0,154 0,050 0,100 0,070
Cooicz JUncertainty linked Hydrostatic pressure correction 0,006 0,004 -0,011 0,002 0,006 0,004
C o011z |Uncertainty linked with perturbing heat exchanges 0,076 0,026 0,020 0,020 0,029 0,022
C oo1cie |Uncertainty linked with self-heating correction 0,076 0,077 0,056 0,040 0,029 0,040
C oo1cis |Uncertainty linked with bridge linearity included in Cxt/5 0,064 0,021 0,040 0,242 0,005
C oo1cie JUncertainty linked with AC/DC current negligible 0,029 0,041
C o017 |Uncertainty linked with internal insulation leakage 0,026 0,026 0,006 0,000
Dgrsi Uncertainty linked with stability of RS negligible 0,001 0,005 0,005 0 0,010
Dgrsp Uncertainty linked with temperature of RS 0,022 0,100 0,007 0,100 0,044 0,100
Swt Wt scatter 0,140 0,144 0,076 0,095 0,129 0,055
Combined uncertainty 0,645 0,668 0,709 0,640 1,800 0,763
Expanded uncertainty 1,290 1,336 1,419 1,279 3,600 1,526
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Zinc

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 5 SPRT 269586
BNM- NPL JV EIM SMD NML

X Repeatability of readings included in Wt scatte 0,079 0,0001 0,002 0,003 0,067
C xn1 Uncertainty linked with purity 0,441 0,289 0,700 0,700 0,700 0,710
C xi2 Uncertainty linked Hydrostatic pressure correction 0,008 0,008 0,039 0,008 0,012 0,016
C xus Uncertainty linked with perturbing heat exchanges 0,029 0,115 0,328 0,003 0,149 0,043
C xva Uncertainty linked with self-heating correction 0,029 0,008 0,096 0,009 0,154 0,040
C xus Uncertainty linked with bridge linearity 0,059 0,033 0,004 0,036 0,160 0,042
C xue Uncertainty linked with AC/DC current negligible not estimated 0,042 neg. not estimated
C xy7 Uncertainty linked with gas pressure included in Cxt/1 0,032 0,252 0,120 0,140 0,981
Xooic |Repeatability of readings included in Wt scatte 0,114 0,006 0,006 0,211

Repeatability of temperature realized by cell 0,064 0,170 0,312 0,147 0,129 0,642

Short repeatability of calibrated SPRT 0,265 0,176 0,084 0,482 0,100 0,233
C 001 |Uncertainty linked with purity and isotopic composition 0,151 0,337 0,100 0,293 0,100 0,169
Cooicrz |Uncertainty linked Hydrostatic pressure correction 0,006 0,006 0,011 0,006 0,008 0,003
C o.01cs3 |Uncertainty linked with perturbing heat exchanges 0,076 0,035 0,060 0,005 0,010 0,042
C o.01cia |Uncertainty linked with self-heating correction 0,076 0,015 0,017 0,010 0,007 0,062
C o.01ci5 |Uncertainty linked with bridge linearity included in Cxt/5 0,085 0,004 0,002 0,015 0,042
C o.01c6 JUncertainty linked with AC/DC current negligible not estimated 0,042 neg. not estimated
C o.01ci7 |Uncertainty linked with internal insulation leakage 0,026 not estimated 0,021 neg. not estimated
C o0.01cis |Uncertainty linked with gas pressure 0,020
Drsi Uncertainty linked with stability of RS negligible 0,007 neg. 0,033
Drsi2 Uncertainty linked with temperature of RS 0,022 0,018 0,004 0,074 neg. 0,007
Swt Wt scatter 0,143 0,052 0,339 0,207 0,629 0,198
Combined uncertainty 0,570 0,550 0,953 0,946 1,010 1,438
Expanded uncertainty 1,140 1,100 1,906 1,892 2,020 2,876

10t




C2. Freezing point of Tin

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 1 SPRT ISOTECH 036
BNM-INM SMU OMH

Xy Repeatability of readings included in Wt scatter 0,07
C w1 Uncertainty linked with purity 0,294 0,350 0,21
C o Uncertainty linked Hydrostatic pressure correction 0,006 0,011 0,02
C xus Uncertainty linked with perturbing heat exchanges 0,088 0,050 0,08
C xya Uncertainty linked with self-heating correction 0,029 0,030 0,08
C xus Uncertainty linked with bridge linearity 0,029 0,050 0,01
C xve Uncertainty linked with AC/DC current negligible 0,00
C xy7 Uncertainty linked with gas pressure included in Cxt/1 0,036 0,64
Xooic |Repeatability of readings included in Wt scatter 0,10

Repeatability of temperature realized by cell 0,047 0,04

Short repeatability of calibrated SPRT 0,025 0,04
C 001 [Uncertainty linked with purity and isotopic composition 0,111 0,090 0,02
Cooicz [Uncertainty linked Hydrostatic pressure correction 0,004 0,004 0,02
C 001z [Uncertainty linked with perturbing heat exchanges 0,056 0,040 0,02
C o.01cia [Uncertainty linked with self-heating correction 0,056 0,020 0,03
Coo1cis [Uncertainty linked with bridge linearity included in Cxt/5 0,090 0,01
C oo1cs [Uncertainty linked with AC/DC current negligible
C o017 [Uncertainty linked with internal insulation leakage 0,019
Dgrsit Uncertainty linked with stability of RS negligible 0,25
Dgrsi2 Uncertainty linked with temperature of RS 0,015 0,010 0,25
Swt Wt scatter 0,108 0,250 0,01
Combined uncertainty 0,360 0,460 0,79
Expanded uncertainty 0,720 0,920 1,58
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Tin

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 2 SPRT 1283
BNM-INM IMGC CEM IPQ METAS | MIRS/FE-LMK BEV

Xy Repeatability of readings included in Wt scatter 0,006 0,030 0,017 0,013 0,030 0,058

repeatability of temperature realized by cells 0,009
C xu1 Uncertainty linked with purity 0,294 0,175 0,310 0,500 0,304 0,250 0,100
C xi2 Uncertainty linked Hydrostatic pressure correction 0,006 0,004 0,020 0,013 0,013 0,012 0,022
C xu3 Uncertainty linked with perturbing heat exchanges 0,029 0,017 0,060 0,037 0,013 0,100 0,019
C xua Uncertainty linked with self-heating correction 0,029 0,008 0,060 0,006 0,258 0,030 0,384
C xus Uncertainty linked with bridge linearity 0,029 0,001 0,120 0,011 0,029 0,050 0,400
C xue Uncertainty linked with AC/DC current negligible 0,001 0,060 0,100 0,001
C xu7 Uncertainty linked with gas pressure included in Cxt/1 0,023 0,020 0,050 0,050 0,010
Xooic |Repeatability of readings included in Wt scatter 0,043 0,020 0,031 0,009 0,020 0,020

Repeatability of temperature realized by cell 0,047 0,010 0,105 0,017 0,050 0,228

Short repeatability of calibrated SPRT 0,111 0,470 0,109 0,010 0,300 0,050
C o.01cin |Uncertainty linked with purity and isotopic composition 0,111 0,070 0,100 0,006 0,050 0,100
Co.o1c2 |Uncertainty linked Hydrostatic pressure correction 0,004 0,010 0,001 0,004 0,005 0,001
C o001z |Uncertainty linked with perturbing heat exchanges 0,056 0,010 0,016 0,038 0,010
C o.01ia |Uncertainty linked with self-heating correction 0,056 0,080 0,002 0,136 0,030 0,050
C o.01tss |Uncertainty linked with bridge linearity included in Cxt/5 0,240 0,006 0,014 0,050
C o.01cis |Uncertainty linked with AC/DC current negligible 0,070 0,050
C o.01ci7 |Uncertainty linked with internal insulation leakage 0,019 negligible 0,005
Drsi1 Uncertainty linked with stability of RS negligible negligible 0,058 0,003 0,001
Drs2 Uncertainty linked with temperature of RS 0,015 0,001 negligible 0,003 0,029 0,005 0,000
Swt Wt scatter 0,172 0,318 0,100 0,378 0,067 0,249 0,080
Combined uncertainty 0,399 0,367 0,650 0,658 0,450 0,490 0,629
Expanded uncertainty 0,799 0,734 1,300 1,315 0,900 0,981 1,258




Tin

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 3 Tinsley274686
BNM-INM NMI-VSL MIKES DTI SP SMS/SPI

X Repeatability of readings included in Wt scatter 0,115 0,002 0,300 0,030 0,066
C w1 Uncertainty linked with purity 0,294 0,175 0,500 0,700 0,290 0,500
C xp2 Uncertainty linked Hydrostatic pressure correction 0,006 0,013 0,013 0,020 0,010 0,006
C 3 Uncertainty linked with perturbing heat exchanges 0,029 0,017 0,023 0,100 0,120 0,014
C xia Uncertainty linked with self-heating correction 0,029 0,004 0,041 0,200 0,060 0,016
C s Uncertainty linked with bridge linearity 0,029 0,115 0,005 0,030 0,010 0,043
C e Uncertainty linked with AC/DC current negligible 0,022 0,043 0,120 negligible
C w7 Uncertainty linked with gas pressure included in Cxt/1 0,001 0,013 0,500 0,010 0,017
Xoorc |Repeatability of readings included in Wt scatter 0,005 0,010 0,030 0,098

Repeatability of temperature realized by cell 0,047 0,189 0,020 0,010 0,104

Short repeatability of calibrated SPRT 0,095 0,057 0,224 0,020 0,350 0,510

uncertainty of correction to EUROMET 549 value 0,096
C oo1cii |Uncertainty linked with purity and isotopic composition 0,111 0,066 0,100 0,010 0,060 0,189
Cooicre |Uncertainty linked Hydrostatic pressure correction 0,004 0,004 0,001 0,040 0,010 0,002
C 001z |Uncertainty linked with perturbing heat exchanges 0,056 0,019 0,023 0,010 0,030 0,023
C oo1cis |Uncertainty linked with self-heating correction 0,056 0,004 0,000 0,050 0,060 0,026
C oo1cis |Uncertainty linked with bridge linearity included in Cxt/5 0,055 0,003 0,030 0,010 0,010
C oo1cie |Uncertainty linked with AC/DC current negligible 0,021 0,060 negligible
C oo1cr7 |Uncertainty linked with internal insulation leakage 0,019 0,003 0,010 0,030
C oo1cis |Uncertainty linked with gas pressure 0,020
Drsi Uncertainty linked with stability of RS negligible 0,021 0,030 negligible negligible
Dgs2 Uncertainty linked with temperature of RS 0,015 0,047 0,004 0,050 0,120 0,015
Swt W1 scatter 0,110 0,190 0,044 0,020 0,120 0,070
Combined uncertainty 0,370 0,328 0,602 0,944 0,525 0,762
Expanded uncertainty 0,740 0,655 1,204 1,888 1,050 1,524
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Tin

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 4 YSI 4807
BNM-INM PTB GUM CMI INM (Ro) UME
X Repeatability of readings included in Wt scatter | see Wt scatter 0,086 0,013 0,086
C xin1 Uncertainty linked with purity 0,294 0,304 0,550 0,310 1,299 0,500
C xv2 Uncertainty linked Hydrostatic pressure correction 0,006 0,015 0,013 0,005 0,009 0,011
C xu3 Uncertainty linked with perturbing heat exchanges 0,088 0,100 0,020 0,200 0,110 0,044
C xya Uncertainty linked with self-heating correction 0,029 0,162 0,111 0,160 0,060 0,200
C xus Uncertainty linked with bridge linearity 0,029 0,108 0,111 0,110 0,089 0,010
C xue Uncertainty linked with AC/DC current negligible 0,011 0,010
C xy7 Uncertainty linked with gas pressure included in Cxt/1 0,083 0,080 0,013 0,016
Xooic |Repeatability of readings included in Wt scatter | see Wt scatter 0,055 0,242 0,006
Repeatability of temperature realized by cell 0,047 see Wt scatter 0,025 0,004
Short repeatability of calibrated SPRT 0,278 see Wt scatter 0,068 0,010
C o.01ci1 |Uncertainty linked with purity and isotopic composition 0,111 0,058 0,114 0,050 0,100 0,070
Coo1ce |Uncertainty linked Hydrostatic pressure correction 0,004 0,003 0,008 0,002 0,006 0,004
C o.01cz |Uncertainty linked with perturbing heat exchanges 0,056 0,019 0,015 0,020 0,020 0,022
C o.01cis |Uncertainty linked with self-heating correction 0,056 0,057 0,041 0,040 0,020 0,040
C o015 |Uncertainty linked with bridge linearity included in Cxt/5 0,047 0,016 0,040 0,168 0,005
C o.01ci6 |Uncertainty linked with AC/DC current negligible 0,020 0,050
C o017 |Uncertainty linked with internal insulation leakage 0,019 0,010 0,004 0,000
Dgrsi Uncertainty linked with stability of RS negligible 0,001 0,004 0,005 0,010
Dgrs/2 Uncertainty linked with temperature of RS 0,015 0,100 0,005 0,100 0,031 0,100
Swi W1 scatter 0,160 0,104 0,090 0,095 0,288 0,163
Combined uncertainty 0,470 0,421 0,611 0,446 1,380 0,588
Expanded uncertainty 0,940 0,843 1,221 0,893 2,760 1,177
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Tin

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 5 SPRT 269586
BNM-INM NPL JV EIM SMD NML

X Repeatability of readings included in Wt scatter 0,019 0,0001 0,002 0,006 0,069
C xy1 Uncertainty linked with purity 0,294 0,231 0,500 0,500 0,500 0,520
C xu2 Uncertainty linked Hydrostatic pressure correction 0,006 0,006 0,032 0,006 0,009 0,013
C xu3 Uncertainty linked with perturbing heat exchanges 0,088 0,058 0,309 0,003 0,176 0,029
C xua Uncertainty linked with self-heating correction 0,029 0,008 0,088 0,049 0,092 0,080
C xus Uncertainty linked with bridge linearity 0,029 0,031 0,003 0,020 0,120 0,029
C xus Uncertainty linked with AC/DC current negligible not estimated 0,029 neg.
C xy7 Uncertainty linked with gas pressure included in Cxt/1 0,025 0,193 0,080 0,130 0,404
Xoo1c |Repeatability of readings included in Wt scatter 0,024 0,004 0,004 0,120

Repeatability of temperature realized by cell 0,047 0,114 0,216 0,102 0,091 0,446

Short repeatability of calibrated SPRT 0,206 0,097 0,058 0,305 0,071 0,279
Co.01cin |Uncertainty linked with purity and isotopic composition 0,111 0,233 0,100 0,203 0,100 0,117
Cooicrz |Uncertainty linked Hydrostatic pressure correction 0,004 0,004 0,011 0,004 0,006 0,002
C o.01cis |Uncertainty linked with perturbing heat exchanges 0,056 0,024 0,041 0,004 0,007 0,012
C o01ca |Uncertainty linked with self-heating correction 0,056 0,012 0,012 0,059 0,005 0,044
C o.01cs |Uncertainty linked with bridge linearity included in Cxt/5 0,059 0,003 0,002 0,015 0,029
C o.01ce |Uncertainty linked with AC/DC current negligible not estimated 0,029 neg. not estimated
C o01ci7 |Uncertainty linked with internal insulation leakage 0,019 not estimated 0,015 neg. not estimated
Drsi Uncertainty linked with stability of RS negligible 0,005 neg. 0,031
Drs/2 Uncertainty linked with temperature of RS 0,015 0,012 0,003 0,052 neg. 0,006
Swi W1t scatter 0,010 0,071 0,086 0,227 0,036 0,105
Combined uncertainty 0,390 0,382 0,680 0,680 0,587 0,768
Expanded uncertainty 0,780 0,763 1,360 1,359 1,174 1,536
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C3. Freezing point of Indium

Quantity Components Uncertainty contribution

Qi ui in mK

Loop 1 SPRT ISOTECH 036
BNM-INM SMU OMH
X4 Repeatability of readings included in Wt scatt
C w1 Uncertainty linked with purity 0,294 0,400
C xi2 Uncertainty linked Hydrostatic pressure correction 0,010 0,016 /
C xus Uncertainty linked with perturbing heat exchanges 0,118 0,070
C xva Uncertainty linked with self-heating correction 0,029 0,030
C xus Uncertainty linked with bridge linearity 0,059 0,050
C xve Uncertainty linked with AC/DC current negligible
C w7 Uncertainty linked with gas pressure included in Cxt/1 0,060
Xooic |Repeatability of readings included in Wt scatter
Repeatability of temperature realized by cell 0,040 __—
Short repeatability of calibrated SPRT 0,137

C o.o1cnn |Uncertainty linked with purity and isotopic composition 0,095 0,080 /
Cooicre |Uncertainty linked Hydrostatic pressure correction 0,003 0,005
C oo1cis JUncertainty linked with perturbing heat exchanges 0,047 0,030
C oo1cia JUncertainty linked with self-heating correction 0,047 0,020
C oo1cis JUncertainty linked with bridge linearity included in Cxt/5 0,080
C oo1cie |Uncertainty linked with AC/DC current negligible
C o017 JUncertainty linked with internal insulation leakage 0,016
Drsi1 Uncertainty linked with stability of RS negligible /
Drss2 Uncertainty linked with temperature of RS 0,012 0,010
Swt Wt scatter 0,079 0,200
Combined uncertainty 0,380 0,480 /
Expanded uncertainty 0,760 0,950
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Indium

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 2 SPRT 1283

BNM-INM IMGC CEM IPQ METAS | MIRS/FE-LMK BEV
X Repeatability of readings included in Wt scattg¢r 0,006 0,020 0,016 0,014 0,030 0,049
repeatability of temperature realized by cells 0,001
C s Uncertainty linked with purity 0,294 0,270 0,470 0,800 0,469 0,500 0,100
C xi2 Uncertainty linked Hydrostatic pressure correction 0,010 0,006 0,030 0,019 0,019 0,015 0,033
C xus Uncertainty linked with perturbing heat exchanges 0,118 0,012 0,170 0,023 0,063 0,025 0,016
C xua Uncertainty linked with self-heating correction 0,029 0,008 0,060 0,002 0,151 0,030 0,328
C xus Uncertainty linked with bridge linearity 0,059 0,001 0,120 0,009 0,022 0,050 0,400
C xus Uncertainty linked with AC/DC current negligible 0,001 0,040 0,1 0,000 0,001
C xu7 Uncertainty linked with gas pressure included in Cxt/1 0,035 0,030 0,074 0,050 0,010
Xoorc |Repeatability of readings included in Wt scatter 0,036 0,020 0,019 0,011 0,020 0,030
Repeatability of temperature realized by cell 0,040 0,010 0,105 0,017 0,050 0,000
Short repeatability of calibrated SPRT 0,047 0,190 0,118 0,037 0,300 0,050
C o.01cin |Uncertainty linked with purity and isotopic composition 0,095 0,060 0,100 0,006 0,050 0,100
Co.o1cz |Uncertainty linked Hydrostatic pressure correction 0,003 0,010 0,001 0,004 0,005 0,001
C o.01ws3 |Uncertainty linked with perturbing heat exchanges 0,047 0,010 0,016 0,038 0,010 0,000
C o.01wia |Uncertainty linked with self-heating correction 0,047 0,070 0,002 0,076 0,030 0,050
C o.01cs |Uncertainty linked with bridge linearity included in Cxt/5 0,200 0,006 0,014 0,050 0,000
C o.01cs |Uncertainty linked with AC/DC current negligible 0,050 0,05 0,000 0,000
C o017 |Uncertainty linked with internal insulation leakage 0,016 negligible 0,006 0,000 0,000
Drsi1 Uncertainty linked with stability of RS negligible negligible 0,058 0,006 0,000 0,001
Drsp Uncertainty linked with temperature of RS 0,012 0,001 negligible 0,003 0,029 0,005 0,000
Swt Wt scatter 0,029 0,154 0,040 0,543 0,133 0,340 0,056
Combined uncertainty 0,351 0,315 0,600 0,988 0,54 0,687 0,548
Expanded uncertainty 0,702 0,631 1,200 1,975 1,08 1,374 1,096
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Indium

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 3 Tinsley274686
BNM-INM NMI-VSL MIKES DTI SP SMS/SPI

X Repeatability of readings included in Wt scatt¢r 0,115 0,004 0,400 0,030
C w1 Uncertainty linked with purity 0,294 0,027 0,800 0,800 0,460
C xu2 Uncertainty linked Hydrostatic pressure correction 0,010 0,019 0,020 0,020 0,020 /
C xu3 Uncertainty linked with perturbing heat exchanges 0,118 0,017 0,196 0,200 0,290
C xua Uncertainty linked with self-heating correction 0,029 0,002 0,014 0,150 0,060 /
C xus Uncertainty linked with bridge linearity 0,059 0,115 0,004 0,030 0,010
C xue Uncertainty linked with AC/DC current negligible 0,022 0,036 0,120 /
C w7 Uncertainty linked with gas pressure included in Cxt/1 0,002 0,000 0,500 0,010 /
Xo.01 ¢ Repeatability of readings included in Wt scatter 0,005 0,010 0,030 /

Repeatability of temperature realized by cell 0,040 0,189 0,020 0010 | __— |

Short repeatability of calibrated SPRT 0,071 0,048 0,477 0,020 0,120

uncertainty of correction to EUROMET 549 value 0,096
C oo1cn |Uncertainty linked with purity and isotopic composition 0,095 0,056 0,100 0,010 0,060 /
Cooicz |Uncertainty linked Hydrostatic pressure correction 0,003 0,003 0,001 0,040 0,010
C ooicis |Uncertainty linked with perturbing heat exchanges 0,047 0,016 0,023 0,010 0,030 /
C oo1cia |Uncertainty linked with self-heating correction 0,047 0,003 0,006 0,050 0,060
C oo1cis |Uncertainty linked with bridge linearity included in Cxt/5 0,047 0,003 0,030 0,010 /
C oo1cis |Uncertainty linked with AC/DC current negligible 0,021 0,060
C oo1crr |Uncertainty linked with internal insulation leakage 0,016 0,003 0,010 /
Drsi1 Uncertainty linked with stability of RS negligible 0,025 0,030 negligible /
Dgrs/2 Uncertainty linked with temperature of RS 0,012 0,040 0,004 0,050 0,120
Swt Wt scatter 0,240 0,130 0,044 0,020 0,100
Combined uncertainty 0,430 0,230 0,983 1,060 0,605
Expanded uncertainty 0,860 0,460 1,966 2,120 1,210
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Indium

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 4 YSI 4807
BNM-INM PTB GUM CMI INM (Ro) UME
X Repeatability of readings included in Wt scatt¢isee Wt scatter 0,129 0,010 0,026
C w1 Uncertainty linked with purity 0,294 0,258 0,550 0,470 2,454 0,800
C i Uncertainty linked Hydrostatic pressure correction 0,010 0,023 0,029 0,010 0,010 0,017
C xu3 Uncertainty linked with perturbing heat exchanges 0,118 0,200 0,219 0,200 0,087 0,023
C xya Uncertainty linked with self-heating correction 0,029 0,158 0,118 0,160 0,060 0,150
C x5 Uncertainty linked with bridge linearity 0,059 0,105 0,079 0,110 0,087 0,008
C xus Uncertainty linked with AC/DC current negligible 0,010 0,031
C 7 Uncertainty linked with gas pressure included in Cxt/1 0,098 0,100 0,020 0,024
Xooic |Repeatability of readings included in Wt scatter | see Wt scatter 0,046 0,109 0,021
Repeatability of temperature realized by cell 0,040 see Wt scatter 0,055 0,025
Short repeatability of calibrated SPRT 0,237 see Wt scatter 0,058 0,047
C o011 JUncertainty linked with purity and isotopic composition 0,095 0,050 0,097 0,050 0,100 0,070
Co.o1cre JUncertainty linked Hydrostatic pressure correction 0,003 0,002 0,007 0,002 0,006 0,004
C 0.01c/z JUncertainty linked with perturbing heat exchanges 0,047 0,016 0,013 0,020 0,017 0,022
C o014 JUncertainty linked with self-heating correction 0,047 0,048 0,035 0,040 0,017 0,040
C o015 JUncertainty linked with bridge linearity included in Cxt/5 0,040 0,070 0,040 0,139 0,005
C o.01cie JUncertainty linked with AC/DC current negligible 0,017 0,076
C 0017 JUncertainty linked with internal insulation leakage 0,016 0,010 0,003
Drsi Uncertainty linked with stability of RS negligible 0,001 0,003 0,005 0,010
Drs/2 Uncertainty linked with temperature of RS 0,012 0,100 0,005 0,100 0,025 0,100
Swt W1 scatter 0,180 0,133 0,074 0,095 0,187 0,122
Combined uncertainty 0,460 0,432 0,654 0,569 2,470 0,840
Expanded uncertainty 0,920 0,865 1,308 1,139 4,940 1,681
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Indium

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 5 SPRT 269586
BNM-INM NPL JV EIM SMD NML

X Repeatability of readings included in Wt scatter 0,072 0,0001 0,002 0,005
C w1 Uncertainty linked with purity 0,294 0,289 0,800 0,800 0,800 /
C xu2 Uncertainty linked Hydrostatic pressure correction 0,010 0,010 0,048 0,010 0,013 /
C xu3 Uncertainty linked with perturbing heat exchanges 0,059 0,058 0,301 0,009 0,066 /
C x4 Uncertainty linked with self-heating correction 0,029 0,009 0,083 0,029 0,009
C xus Uncertainty linked with bridge linearity 0,059 0,030 0,002 0,013 0,110 /
C e Uncertainty linked with AC/DC current negligible not estimated 0,024 neg. /
C xu7 Uncertainty linked with gas pressure included in Cxt/1 0,037 0,287 0,100 0,120 /
Xoo1c  |Repeatability of readings included in Wt scatter 0,064 0,003 0,003 /

Repeatability of temperature realized by cell 0,040 0,095 0,180 0,084 0,076 -

IShort repeatability of calibrated SPRT 0,076 0,032 0,049 0,028 0,059 -
C 0.01cn Uncertainty linked with purity and isotopic composition 0,095 0,194 0,100 0,169 0,100 /
Coo1cie [Uncertainty linked Hydrostatic pressure correction 0,003 0,003 0,011 0,004 0,005 /
C o.01c/3 [Uncertainty linked with perturbing heat exchanges 0,047 0,020 0,034 0,003 0,006
C 001cia [Uncertainty linked with self-heating correction 0,047 0,010 0,010 0,049 0,004 /
C 001cis [Uncertainty linked with bridge linearity included in Cxt/5 0,049 0,002 0,001 0,015 /
C o.01cie Uncertainty linked with AC/DC current negligible not estimated 0,024 neg. /
C 0.01c/7 [Uncertainty linked with internal insulation leakage 0,016 not estimated 0,012 neg. /
C o.01cis Uncertainty linked with gas pressure 0,020 /
Drsi1 Uncertainty linked with stability of RS negligible 0,004 neg.
Drs/2 Uncertainty linked with temperature of RS 0,012 0,010 0,002 0,043 neg. /
Swi Wt scatter 0,011 0,034 0,061 0,019 0,154
Combined uncertainty 0,340 0,390 0,934 0,832 0845 | ____—— |
Expanded uncertainty 0,680 0,780 1,869 1,664 1,690
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C4. Melting point of Gallium

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 1 SPRT ISOTECH 036
BNM-INM SMU OMH

X Repeatability of readings included in Wt scatter 0,030
C yin Uncertainty linked with purity 0,059 0,010 0,040
C xi2 Uncertainty linked Hydrostatic pressure correction 0,004 0,006 0,010
C xu3 Uncertainty linked with perturbing heat exchanges 0,029 0,025 0,020
C xua Uncertainty linked with self-heating correction 0,029 0,020 0,018
C s Uncertainty linked with bridge linearity 0,029 0,050 0,006
C w6 Uncertainty linked with AC/DC current negligible 0,000
C yu7 Uncertainty linked with gas pressure included in Cxt/1 0,002 0,100
Xoorc |Repeatability of readings included in Wt scatter 0,022

Repeatability of temperature realized by cell 0,028 0,022

Short repeatability of calibrated SPRT 0,008 0,022
C oo1cn |Uncertainty linked with purity and isotopic composition 0,066 0,060 0,011
Coo1cz |Uncertainty linked Hydrostatic pressure correction 0,002 0,002 0,009
C 001z |Uncertainty linked with perturbing heat exchanges 0,033 0,020 0,011
C oo1cie |Uncertainty linked with self-heating correction 0,033 0,011 0,019
C oo1cs |Uncertainty linked with bridge linearity included in Cxt/5 0,060 0,006
C oo1cs |Uncertainty linked with AC/DC current negligible
C o017 |Uncertainty linked with internal insulation leakage 0,011
Drsi Uncertainty linked with stability of RS negligible 0,141
Drsp Uncertainty linked with temperature of RS 0,008 0,003 0,141
Swi Wt scatter 0,025 0,030 0,001
Combined uncertainty 0,119 0,110 0,240
Expanded uncertainty 0,238 0,220 0,480
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Gallium

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 2 SPRT 1283

BNM-INM IMGC CEM IPQ METAS | MIRS/FE-LMK BEV
X Repeatability of readings included in Wt scatter 0,006 0,020 0,030 0,019 0,020 0,034
repeatability of temperature realized by cells 0,094
C xin Uncertainty linked with purity 0,059 0,008 0,120 0,200 0,014 0,100 0,100
C w2 Uncertainty linked Hydrostatic pressure correction 0,004 0,002 0,010 0,007 0,007 0,010 0,106
C xus3 Uncertainty linked with perturbing heat exchanges 0,029 0,003 0,010 0,023 0,073 0,010 0,011
C xya Uncertainty linked with self-heating correction 0,029 0,007 0,050 0,005 0,151 0,030 0,224
C xus Uncertainty linked with bridge linearity 0,029 0,001 0,120 0,006 0,016 0,050 0,400
C xue Uncertainty linked with AC/DC current negligible 0,001 0,040 0,050 0,000 0,001
C xy7 Uncertainty linked with gas pressure included in Cxt/1 0,001 0,050 0,029 0,050 0,010
Xooic [|Repeatability of readings included in Wt scatter 0,025 0,020 0,022 0,009 0,020 0,030
Repeatability of temperature realized by cell 0,028 negligible 0,105 0,017 0,050 0,008
Short repeatability of calibrated SPRT 0,033 0,040 0,032 0,012 0,100 0,050
C o011 JUncertainty linked with purity and isotopic composition 0,066 0,040 0,100 0,006 0,050 0,100
Coo1ciz JUncertainty linked Hydrostatic pressure correction 0,002 negligible 0,001 0,004 0,005 0,001
C o013 |Uncertainty linked with perturbing heat exchanges 0,033 0,010 0,016 0,038 0,010 0,000
C o014 JUncertainty linked with self-heating correction 0,033 0,050 0,003 0,039 0,030 0,050
C o015 |Uncertainty linked with bridge linearity included in Cxt/5 0,130 0,006 0,014 0,050 0,000
C o016 JUncertainty linked with AC/DC current negligible 0,040 0,050 0,000 0,000
C o017 JUncertainty linked with internal insulation leakage 0,011 0,001 negligible 0,006 0,000 0,000
Drsi1 Uncertainty linked with stability of RS negligible negligible 0,014 0,006 0,000 0,001
Drs/o Uncertainty linked with temperature of RS 0,008 0,001 negligible 0,001 0,029 0,005 0,000
Swt W1 scatter 0,12 0,078 0,040 0,317 0,260 0,136 0,056
Combined uncertainty 0,17 0,083 0,240 0,406 0,330 0,232 0,511
Expanded uncertainty 0,35 0,166 0,480 0,813 0,660 0,464 1,022




Gallium

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 3 Tinsley274686
BNM-INM NMI-VSL MIKES DTI SP SMS/SPI

X Repeatability of readings included in Wt scatter 0,058 0,003 0,080 0,030 0,058
C xin Uncertainty linked with purity 0,059 0,079 0,200 0,200 0,120 0,200
C xy2 Uncertainty linked Hydrostatic pressure correction 0,004 0,003 0,007 0,010 0,010 0,003
C w3 Uncertainty linked with perturbing heat exchanges 0,029 0,017 0,026 0,020 0,030 0,008
C xua Uncertainty linked with self-heating correction 0,029 0,002 0,002 0,050 0,060 0,003
C x5 Uncertainty linked with bridge linearity 0,029 0,029 0,003 0,030 0,010 0,005
C wus Uncertainty linked with AC/DC current negligible 0,022 0,003 0,120 negligible
C w7 Uncertainty linked with gas pressure included in Cxt/1 0,087 0,018 0,150 0,012
Xoorc |Repeatability of readings included in Wt scatter 0,005 0,010 0,030 0,058

Repeatability of temperature realized by cell 0,028 0,189 0,020 0,010 0,061

Short repeatability of calibrated SPRT 0,033 0,034 0,017 0,020 0,120 0,018

uncertainty of correction to EUROMET 549 value 0,096
C oo1cin JUncertainty linked with purity and isotopic composition 0,066 0,039 0,100 0,010 0,060 0,112
Cooicz |Uncertainty linked Hydrostatic pressure correction 0,002 0,002 0,001 0,040 0,010 0,001
C o013 JUncertainty linked with perturbing heat exchanges 0,033 0,011 0,023 0,010 0,030 0,014
C oo1cis JUncertainty linked with self-heating correction 0,033 0,002 0,020 0,050 0,060 0,006
C po1cs JUncertainty linked with bridge linearity included in Cxt/5 0,032 0,003 0,030 0,010 0,006
C p01cs JUncertainty linked with AC/DC current negligible 0,021 0,060 negligible
C o017 JUncertainty linked with internal insulation leakage 0,011 0,003 0,010 0,018
Drsi1 Uncertainty linked with stability of RS negligible 0,025 0,030 negligible negligible
Drsi2 Uncertainty linked with temperature of RS 0,008 0,028 0,002 0,050 0,120 0,008
Swt W1 scatter 0,080 0,050 0,068 0,020 0,010 0,019
Combined uncertainty 0,140 0,161 0,320 0,288 0,265 0,254
Expanded uncertainty 0,280 0,322 0,641 0,575 0,530 0,508
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Gallium

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 4 YSI 4807
BNM-INM PTB GUM CMI INM (Ro) UME
X Repeatability of readings included in Wt scatter | see Wt scatter 0,041 0,001 0,060
C i1 Uncertainty linked with purity 0,059 0,055 0,250 0,200 0,058 0,200
C xip2 Uncertainty linked Hydrostatic pressure correction 0,004 0,008 0,007 0,002 0,005 0,006
C xu3 Uncertainty linked with perturbing heat exchanges 0,029 0,010 0,025 0,050 0,017 0,012
C xuya Uncertainty linked with self-heating correction 0,029 0,030 0,055 0,050 0,030 0,050
C xus Uncertainty linked with bridge linearity 0,029 0,010 0,037 0,025 0,083 0,006
C xus Uncertainty linked with AC/DC current negligible 0,010 0,011
C xy7 Uncertainty linked with gas pressure included in Cxt/1 0,010 0,010 0,008 0,010
Xoorc |Repeatability of readings included in Wt scatter | see Wt scatter 0,032 0,058 0,100
Repeatability of temperature realized by cell 0,028 see Wt scatter 0,023 0,005
Short repeatability of calibrated SPRT 0,033 see Wt scatter 0,040 0,009
C o01cn |Uncertainty linked with purity and isotopic composition 0,066 0,035 0,067 0,050 0,100 0,070
Co.o1cz |Uncertainty linked Hydrostatic pressure correction 0,002 0,002 0,005 0,002 0,006 0,004
C .01z |Uncertainty linked with perturbing heat exchanges 0,033 0,011 0,009 0,020 0,011 0,022
C o.01cs |Uncertainty linked with self-heating correction 0,033 0,034 0,048 0,040 0,011 0,040
C o.01c5 |Uncertainty linked with bridge linearity included in Cxt/5 0,028 0,032 0,040 0,093 0,005
C o.01cs |Uncertainty linked with AC/DC current negligible 0,110 0,034
C o017 |Uncertainty linked with internal insulation leakage 0,011 0,010 0,002
Drsi1 Uncertainty linked with stability of RS negligible 0,001 0,002 0,051 0,010
Dgsp2 Uncertainty linked with temperature of RS 0,008 0,100 0,003 0,100 0,017 0,100
Swt Wt scatter 0,090 0,008 0,014 0,095 0,015 0,021
Combined uncertainty 0,150 0,133 0,284 0,271 0,220 0,275
Expanded uncertainty 0,300 0,266 0,568 0,542 0,440 0,549
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Gallium

Quantity Components Uncertainty contribution
Q ui in mK
Loop 5 SPRT 269586
BNM- NPL JV EIM SMD NML
X Repeatability of readings included in Wt scatte 0,018 0,0001 0,002 0,004 0,080
C xu1 Uncertainty linked with purity 0,059 0,058 0,200 0,200 0,200 0,200
C xu2 Uncertainty linked Hydrostatic pressure correction 0,004 0,003 0,017 0,003 0,005 0,007
C xu3 Uncertainty linked with perturbing heat exchanges 0,003 0,023 0,029 0,014 0,036 0,009
C xya Uncertainty linked with self-heating correction 0,029 0,007 0,061 0,002 0,030 0,023
C xus Uncertainty linked with bridge linearity 0,029 0,029 0,002 0,003 0,020 0,016
C xus Uncertainty linked with AC/DC current negligible not estimated| 0,016 neg. not estimated
C xu7 Uncertainty linked with gas pressure included in Cxt/1 0,029 0,117 0,010 0,010 0,006
C xus Uncertainty linked with internal insulation 0,030
leakage of SPRT at Ga (in mK)
Xoo1c |Repeatability of readings included in Wt scatte 0,008 0,002 0,002 0,046
Repeatability of temperature realized by cell 0,028 0,063 0,120 0,056 0,052 0,247
Short repeatability of calibrated SPRT 0,010 0,041 0,033 0,143 0,041 0,065
C o.01cin |Uncertainty linked with purity and isotopic composition 0,066 0,130 0,100 0,113 0,100 0,065
Coo1cz |Uncertainty linked Hydrostatic pressure correction 0,002 0,002 0,011 0,002 0,003 0,001
C 0.01ti3 |Uncertainty linked with perturbing heat exchanges 0,033 0,014 0,023 0,002 0,004 0,003
C o.01t/4 |Uncertainty linked with self-heating correction 0,033 0,007 0,006 0,005 0,003 0,020
C 0.01ci5 |Uncertainty linked with bridge linearity included in Cxt/5 0,033 0,002 0,001 0,015 0,016
C 0.01ci6 |Uncertainty linked with AC/DC current negligible not estimated 0,016 neg. not estimated
C o.01c7 |Uncertainty linked with internal insulation 0,011 not estimated 0,008 neg. not estimated
C o.01¢ci8 JUncertainty linked with gas pressure 0,020
Drsi1 Uncertainty linked with stability of RS negligible 0,003 neg. 0,029
Drs/2 Uncertainty linked with temperature of RS 0,008 0,007 0,002 0,029 neg. 0,001
Swt Wt scatter 0,010 0,074 0,019 0,041 0,098 0,074
Combined uncertainty 0,110 0,188 0,293 0,283 0,260 0,355
Expanded uncertainty 0,220 0,376 0,586 0,567 0,520 0,710

12C




C5. Triple point of Mercury

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 1 SPRT ISOTECH 036
BNM-INM SMU OMH

Xt Repeatability of readings 0,010 0,05
C 1 Uncertainty linked with purity 0,240 0,250 0,04
C 2 Uncertainty linked Hydrostatic pressure correction 0,036 0,040 0,07
C xu3 Uncertainty linked with perturbing heat exchanges 0,020 0,100 0,02
C xa Uncertainty linked with self-heating correction 0,050 0,030 0,01
C xus Uncertainty linked with bridge linearity negligible 0,050 0,00
C xus Uncertainty linked with AC/DC current negligible 0,00
C xu7 Uncertainty linked with gas pressure no effect 0,040 0,10
Xoorc |Repeatability of readings 0,030 0,04

Repeatability of temperature realized by cell 0,050 0,02

Short repeatability of calibrated SPRT 0,050 0,02
C o011 [Uncertainty linked with purity and isotopic composition 0,066 0,040 0,01
Coo1cz |Uncertainty linked Hydrostatic pressure correction 0,002 0,002 0,01
C 001z [Uncertainty linked with perturbing heat exchanges 0,033 0,020 0,01
C oo1cis [Uncertainty linked with self-heating correction 0,050 0,010 0,01
C o01c5 [Uncertainty linked with bridge linearity negligible 0,040 0,00
C oo1ce [Uncertainty linked with AC/DC current negligible
C o017 |Uncertainty linked with internal insulation leakage negligible
Drsn Uncertainty linked with stability of RS negligible 0,10
Drs)2 Uncertainty linked with temperature of RS 0,004 0,010 0,10
Swi Wt scatter 0,100 0,200 0,00
Combined uncertainty 0,290 0,350 0,22
Expanded uncertainty 0,580 0,700 0,43
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Mercury

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 2 SPRT 1283

BNM-INM IMGC CEM IPQ METAS | MIRS/FE-LMK BEV
X Repeatability of readings 0,010 0,006 0,010 0,009 0,01 0,020 0,006
repeatability of temperature realized by cells 0,134
C w1 Uncertainty linked with purity 0,240 0,115 0,120 0,250 0,02 0,150 0,100
C xi2 Uncertainty linked Hydrostatic pressure correction 0,036 0,020 0,070 0,040 0,041 0,035 0,070
C xy3 Uncertainty linked with perturbing heat exchanges 0,020 0,006 0,060 0,025 0,03 0,020 0,008
C xya Uncertainty linked with self-heating correction 0,050 0,006 0,040 0,002 0,151 0,030 0,168
C xus Uncertainty linked with bridge linearity negligible 0,001 0,110 0,005 0,012 0,050 0,400
C xus Uncertainty linked with AC/DC current negligible 0,001 0,020 0,050 0,000 0,001
C xy7 Uncertainty linked with gas pressure no effect 0,001 negligible 0,010 0,050 0,010
Xoorc |Repeatability of readings 0,030 0,019 0,010 0,006 0,009 0,020 0,030
Repeatability of temperature realized by cell 0,050 negligible 0,105 0,017 0,050 0,090
Short repeatability of calibrated SPRT 0,050 0,040 0,083 0,018 0,080 0,050
C o011 |Uncertainty linked with purity and isotopic composition 0,066 0,030 0,100 0,006 0,050 0,100
Coo1crz |Uncertainty linked Hydrostatic pressure correction 0,002 negligible 0,001 0,004 0,005 0,001
C o013 |Uncertainty linked with perturbing heat exchanges 0,033 0,010 0,016 0,038 0,010 0,000
C 001w/ |Uncertainty linked with self-heating correction 0,050 0,030 0,002 0,118 0,030 0,050
C o.01c5 |Uncertainty linked with bridge linearity negligible 0,100 0,006 0,014 0,050 0,000
C o.01tie |Uncertainty linked with AC/DC current negligible 0,030 0,05 0,000 0,100
C o017 |Uncertainty linked with internal insulation leakage negligible 0,001 negligible 0,006 0,000 0,100
Drsi1 Uncertainty linked with stability of RS negligible negligible 0,014 0,006 0,000 0,001
Dgs/2 Uncertainty linked with temperature of RS 0,004 0,001 negligible 0,001 0,029 0,005 0,000
Swt W1 scatter 0,100 0,047 0,030 0,076 0,034 0,227 0,063
Combined uncertainty 0,290 0,128 0,230 0,315 0,22 0,312 0,519
Expanded uncertainty 0,580 0,255 0,460 0,629 0,44 0,623 1,038
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Mercury

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 3 Tinsley274686
BNM-INM NMI-VSL MIKES DTI SP SMS/SPI
Xt Repeatability of readings 0,010 0,058 0,002 0,120 0,030 0,041
C w1 Uncertainty linked with purity 0,240 0,012 0,250 0,250 0,140 0,250
Uncertainty linked with determination of triple point temperature 1,480
C 2 Uncertainty linked Hydrostatic pressure correction 0,036 0,020 0,043 0,040 0,040 0,020
C 3 Uncertainty linked with perturbing heat exchanges 0,020 0,035 0,003 0,060 0,030 0,013
C xya Uncertainty linked with self-heating correction 0,050 0,002 0,000 0,050 0,060 0,012
C xus Uncertainty linked with bridge linearity negligible 0,029 0,002 0,030 0,010 0,005
C e Uncertainty linked with AC/DC current negligible 0,022 0,015 0,120
C w7 Uncertainty linked with gas pressure no effect 0,004 0,260 0,010
Xo.01C Repeatability of readings 0,030 0,005 0,010 0,030 0,044
Repeatability of temperature realized by cell 0,050 0,189 0,020 0,010 0,046
Short repeatability of calibrated SPRT 0,050 0,025 0,104 0,020 0,230 0,014
uncertainty of correction to EUROMET 549 value 0,096
C o01cin |Uncertainty linked with purity and isotopic composition 0,066 0,030 0,100 0,010 0,060 0,084
Cooicz |Uncertainty linked Hydrostatic pressure correction 0,002 0,002 0,001 0,040 0,010 0,001
C oo1tiz |Uncertainty linked with perturbing heat exchanges 0,033 0,008 0,023 0,010 0,030 0,010
C oo1cia |Uncertainty linked with self-heating correction 0,050 0,002 0,026 0,050 0,060 0,010
C o015 [Uncertainty linked with bridge linearity negligible 0,024 0,003 0,030 0,010 0,004
C o01cis |Uncertainty linked with AC/DC current negligible 0,021 0,060
C o01ci7 |Uncertainty linked with internal insulation leakage negligible 0,003 0,010 0,013
Dgrsi1 Uncertainty linked with stability of RS negligible 0,021 0,095 0,030 negligible
Drsp2o Uncertainty linked with temperature of RS 0,004 0,002 0,050 0,230 0,006
Swi Wt scatter 0,100 0,110 0,033 0,020 0,010 0,025
Combined uncertainty 0,290 0,146 0,377 1,540 0,400 0,278
Expanded uncertainty 0,580 0,292 0,753 3,080 0,800 0,556

12¢




Mercury

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 4 YSI 4807
BNM-INM PTB GUM CMI INM (Ro) UME
X Repeatability of readings 0,010 see Wt scatter 0,008 0,002 0,020
C x1 Uncertainty linked with purity 0,240 0,060 0,325 0,250 0,346 0,250
C xu2 Uncertainty linked Hydrostatic pressure correction 0,036 0,036 0,041 0,014 0,021 0,036
C xu3 Uncertainty linked with perturbing heat exchanges 0,020 0,020 0,049 0,100 0,130 0,010
C xya Uncertainty linked with self-heating correction 0,050 0,039 0,031 0,050 0,030 0,050
C xus Uncertainty linked with bridge linearity negligible 0,024 0,020 0,025 0,082 0,004
C xve Uncertainty linked with AC/DC current negligible 0,010 0,070
C xu7 Uncertainty linked with gas pressure no effect 0,032 0,010 0,020 0,000
Xoorc |Repeatability of readings 0,030 see Wt scatter 0,024 0,052 0,030
Repeatability of temperature realized by cell 0,050 see Wt scatter 0,029 0,040
Short repeatability of calibrated SPRT 0,050 see Wt scatter 0,030 0,015
C p01ci1 JUncertainty linked with purity and isotopic composition 0,066 0,034 0,051 0,050 0,100 0,070
Co.o1crz |Uncertainty linked Hydrostatic pressure correction 0,002 0,001 0,004 0,002 0,006 0,004
C o.01cz |Uncertainty linked with perturbing heat exchanges 0,033 0,008 0,007 0,020 0,008 0,022
C o.01cis |Uncertainty linked with self-heating correction 0,050 0,034 0,037 0,040 0,008 0,040
C o.01cs Uncertainty linked with bridge linearity negligible 0,021 0,007 0,040 0,069 0,005
C o.01ce |Uncertainty linked with AC/DC current negligible 0,008 0,040
C o.01c/7 |Uncertainty linked with internal insulation leakage negligible 0,008 0,002
Dgrsi Uncertainty linked with stability of RS negligible 0,012 0,002 0,051 0,010
Drs/2 Uncertainty linked with temperature of RS 0,004 0,012 0,002 0,100 0,013 0,100
Swi Wt scatter 0,100 0,086 0,036 0,095 0,030 0,115
Combined uncertainty 0,290 0,138 0,345 0,322 0,400 0,326
Expanded uncertainty 0,580 0,276 0,690 0,645 0,800 0,652
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Mercury

Quantity Components Uncertainty contribution
Q; ui in mK
Loop 5 SPRT 269586
BNM- NPL JV EIM SMD NML

Xt Repeatability of readings 0,010 0,018 0,0001 0,006 0,002 0,097
C xi1 Uncertainty linked with purity 0,240 0,115 0,250 0,250 0,250 0,250
C xu2 Uncertainty linked Hydrostatic pressure correction 0,036 0,020 0,102 0,020 0,026 0,020
C xu3 Uncertainty linked with perturbing heat exchanges 0,020 0,029 0,284 0,004 0,016 0,029
C xva Uncertainty linked with self-heating correction 0,050 0,006 0,048 0,009 0,022 0,021
C xus Uncertainty linked with bridge linearity negligible 0,029 0,001 0,003 0,020 0,012
C xus Uncertainty linked with AC/DC current negligible not estimated 0,012 neg. not estimated
C w7 Uncertainty linked with gas pressure no effect not estimated 0,010 0,010 0,006
Xo.orc |Repeatability of readings 0,030 0,013 0,002 0,002 0,046

Repeatability of temperature realized by cell 0,050 0,046 0,089 0,049 0,037 0,183

Short repeatability of calibrated SPRT 0,050 0,050 0,024 0,063 0,029 0,030
C g.01c/1 |Uncertainty linked with purity and isotopic composition 0,066 0,095 0,000 0,099 0,100 0,048
C o012 |Uncertainty linked Hydrostatic pressure correction 0,002 0,002 0,011 0,002 0,002 0,001
C g.01¢/3 |Uncertainty linked with perturbing heat exchanges 0,033 0,010 0,017 0,002 0,003 0,004
C g.01¢/a |Uncertainty linked with self-heating correction 0,050 0,005 0,005 0,002 0,002 0,010
C g.01¢ss [Uncertainty linked with bridge linearity negligible 0,024 0,001 0,001 0,015 0,012
C 9016 |Uncertainty linked with AC/DC current negligible not estimated 0,012 neg. not estimated
C o017 |Uncertainty linked with internal insulation leakage negligible not estimated 0,007 neg. not estimated
C o018 |Uncertainty linked with gas pressure 0,020
Dgrsi1 Uncertainty linked with stability of RS negligible 0,003 neg. 0,029
Dgsp2 Uncertainty linked with temperature of RS 0,004 0,005 0,001 0,025 neg. 0,001
Swi Wt scatter 0,100 0,025 0,086 0,010 0,015 0,049
Combined uncertainty 0,290 0,176 0,415 0,283 0,278 0,341
Expanded uncertainty 0,580 0,352 0,830 0,566 0,556 0,682
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C5. Triple point of Argon

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 2 SPRT 1283
BNM-INM IMGC CEM IPQ METAS | MIRS/FE-LMK

X Repeatability of readings 0,030 0,006 0,180 0,005 0,010 0,040
C xu1 Uncertainty linked with purity 0,200 0,028 0,300 0,300 0,290 0,200
C xu2 Uncertainty linked Hydrostatic pressure correction 0,017 0,006 0,030 0,019 0,019 0,017
C xu3 Uncertainty linked with perturbing heat exchanges 0,160 0,115 0,140 0,081 0,200 0,150
C xya Uncertainty linked with self-heating correction 0,050 0,004 0,030 0,001 0,087 0,030
C s Uncertainty linked with bridge linearity negligible 0,001 0,110 0,001 0,030 0,050
C xue Uncertainty linked with AC/DC current negligible 0,001 0,090 0,100 0,000
C xy7 Uncertainty linked with gas pressure no effect 0,003 0,010 0,073
Xoo1c |Repeatability of readings 0,030 0,005 negligible 0,007 0,009 0,020

Repeatability of temperature realized by cell 0,050 negligible 0,105 0,017 0,050

Short repeatability of calibrated SPRT 0,050 0,010 0,229 0,059 0,080
C v.01cin |Uncertainty linked with purity and isotopic composition 0,066 0,010 0,100 0,006 0,050
Co.01cz |Uncertainty linked Hydrostatic pressure correction 0,002 negligible 0,001 0,004 0,005
C o.01ci3 |Uncertainty linked with perturbing heat exchanges 0,033 negligible 0,016 0,038 0,010
C o.01c/a |Uncertainty linked with self-heating correction 0,050 0,010 0,005 0,110 0,030
C o015 |Uncertainty linked with bridge linearity negligible 0,020 0,006 0,014 0,050
C .01 |Uncertainty linked with AC/DC current negligible 0,010 0,050 0,000
C o.01c/7 |Uncertainty linked with internal insulation leakage negligible 0,001 negligible 0,006 0,000
Drsi1 Uncertainty linked with stability of RS negligible negligible 0,006 0,006 0,000
Dgs/2 Uncertainty linked with temperature of RS 0,001 0,001 negligible 0,000 0,029 0,005
Swt Wt scatter 0,100 0,196 0,230 0,045 0,136 0,294
Combined uncertainty 0,340 0,229 0,470 0,416 0,427 0,419
Expanded uncertainty 0,680 0,458 0,940 0,884 0,854 0,837
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Argon

Quantity Components Uncertainty contribution
Qi ui in mK
Loop 3 Tinsley274686
BNM-INM NMI-VSL MIKES DTI SP SMS/SPI

X, Repeatability of readings 0,030 0,144 0,002 —| o0 | __— |
C win Uncertainty linked with purity 0,200 0,032 0,300 / 0,170 /
C 2 Uncertainty linked Hydrostatic pressure correction 0,017 0,019 0,020 / 0,060 /
C xuz Uncertainty linked with perturbing heat exchanges 0,160 0,017 0,093 / 0,290 /
C wua Uncertainty linked with self-heating correction 0,050 0,004 0,009 / 0,060 /
C xus Uncertainty linked with bridge linearity negligible 0,012 0,001 / 0,010 /
C xe Uncertainty linked with AC/DC current negligible 0,022 0,025 / 0,120 /
C w7 Uncertainty linked with gas pressure no effect / /
Xo.o01 T Repeatability of readings 0,030 0,005 / 0,030 /

Repeatability of temperature realized by cell 0,050 o189 | ___——m 0010 | __——m

Short repeatability of calibrated SPRT 0,050 0,060 0,007 0,120

uncertainty of correction to EUROMET 549 value 0,096
C o.o1cin [Uncertainty linked with purity and isotopic composition 0,066 0,008 0,100 0,060
Cooicz |Uncertainty linked Hydrostatic pressure correction 0,002 0,000 0,001 / 0,010 /
C o013 |Uncertainty linked with perturbing heat exchanges 0,033 0,002 0,325 / 0,030 /
C o0.o1cia |Uncertainty linked with self-heating correction 0,050 0,000 0,025 0,060
C o015 |Uncertainty linked with bridge linearity negligible 0,006 0,003 / 0,010 /
C o.o1cis |Uncertainty linked with AC/DC current negligible 0,021 / 0,060 /
C o.01c7 [Uncertainty linked with internal insulation leakage negligible 0,003
Drsi1 Uncertainty linked with stability of RS negligible 0,095 / negligible /
Drsp Uncertainty linked with temperature of RS 0,001 0,005 0,000 / 0,120 /
Swt Wt scatter 0,100 0,010 0,095 0,080
Combined uncertainty 0,340 0,153 0,529 0,425
Expanded uncertainty 0,680 0,306 1,057 0,850




Argon

Quantity Components Uncertainty contribution
Qi uiin mK
Loop 4 YSI 4807
BNM-INM PTB GUM CMI INM (Ro) UME
Xi Repeatability of readings 0,030 see Wt scatter 0,043 - 0,003 0,030
C xin Uncertainty linked with purity 0,200 0,200 0,420 / 0,120 0,300
C xu2 Uncertainty linked Hydrostatic pressure correction 0,017 0,033 0,019 0,050 0,040
C xus Uncertainty linked with perturbing heat exchanges 0,160 0,100 0,129 / 0,320 0,098
C xva Uncertainty linked with self-heating correction 0,050 0,018 0,040 0,040 0,050
C xus Uncertainty linked with bridge linearity negligible 0,009 0,027 0,076 0,001
C xus Uncertainty linked with AC/DC current negligible / 0,009 0,090
C xy7 Uncertainty linked with gas pressure no effect 0,000
Xooic |Repeatability of readings 0,030 see Wt scatter 0,006 / 0,008 0,020
Repeatability of temperature realized by cell 0,050 see Wt scatter 0,010 0,050
Short repeatability of calibrated SPRT 0,050 see Wtscatter | 0008 |  ___—— 0,017
C o.01ci1 |Uncertainty linked with purity and isotopic composition 0,066 0,009 0,013 0,100 0,070
Co.o1cz |Uncertainty linked Hydrostatic pressure correction 0,002 0,001 / 0,006 0,004
C o.01crz |Uncertainty linked with perturbing heat exchanges 0,033 0,002 0,002 0,002 0,022
C o.o1cis |Uncertainty linked with self-heating correction 0,050 0,009 0,009 0,002 0,040
C o0.01c5 |Uncertainty linked with bridge linearity negligible 0,005 0,003 / 0,016 0,005
C v.o01ce |Uncertainty linked with AC/DC current negligible 0,002 0,029
C o.01ci7 |Uncertainty linked with internal insulation leakage negligible 0,002 / 0,001
Drsi1 Uncertainty linked with stability of RS negligible 0,012 0,010
Dgsp2 Uncertainty linked with temperature of RS 0,001 0,012 0,001 0,003 0,100
Swi Wt scatter 0,100 0,248 0,052 0,154 0,145
Combined uncertainty 0,340 0,337 0,448 = 0,400 0,394
Expanded uncertainty 0,680 0,674 0,896 0,800 0,787
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Argon

Quantity Components Uncertainty contribution
Qi uiin mK
Loop 5 SPRT 269586
BNM-INM NPL JV EIM SMD NML

X; Repeatability of readings 0,030 0,026 0,0001 - 0002 | __— |
C xu1 Uncertainty linked with purity 0,200 0,058 0,300 0,300
C xio Uncertainty linked Hydrostatic pressure correction 0,017 0,028 0,048 0,012
C xuz Uncertainty linked with perturbing heat exchanges 0,160 0,058 0,264 0,139
C xya Uncertainty linked with self-heating correction 0,050 0,004 0,061 / 0,044 /
C xus Uncertainty linked with bridge linearity negligible 0,027 0,010
C xue Uncertainty linked with AC/DC current negligible not estimated 0,003 neg.
C xy7 Uncertainty linked with gas pressure no effect not applicable / /
Xoo1c [Repeatability of readings 0,030 0,004

Repeatability of temperature realized by cell 0,050 0,012 0,021 0,009

Short repeatability of calibrated SPRT 0,050 0,005 0,006 0,007
C o011 [Uncertainty linked with purity and isotopic composition 0,066 0,023 / 0,100 /
Coo1cz [Uncertainty linked Hydrostatic pressure correction 0,002 0,011 0,001
C o1z [Uncertainty linked with perturbing heat exchanges 0,033 0,002 0,004 0,001
C oo1c4 [Uncertainty linked with self-heating correction 0,050 0,001 0,001 / /
C o015 [Uncertainty linked with bridge linearity negligible 0,006 0,015
C oo1ce [Uncertainty linked with AC/DC current negligible not estimated 0,003 neg.
C o017 [Uncertainty linked with internal insulation leakage negligible not estimated / neg. /
C oo1cis [Uncertainty linked with gas pressure 0,020
Drsit Uncertainty linked with stability of RS negligible neg.
Dgs/2 Uncertainty linked with temperature of RS 0,001 0,001 / neg. /
Swt Wt scatter 0,100 0,024 0,113 0,147
Combined uncertainty 0,340 0,101 0,423 — — 0379 | ___—m |
Expanded uncertainty 0,680 0,202 0,846 0,758
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