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Rezumat. Punctul triplu al apei este utilizat pentru definirea kelvinului, unitatea de masurd a temperaturii
termodinamice din Sistemul International de Unitati (SI) si este cel mai important punct fix de temperaturd din Scara
Internationalda de Temperaturi (SIT 90). Comparatia cheie EUROMET.T-K7 de celule de punctul triplu al apei (PTA)
este o extindere la nivel regional a comparatiei cheie de celule de punctul triplu al apei CCT-K7 organizata de Comitetul
International de Masuri si Greutati (CIPM). Decizia de a incepe aceasta comparatie a fost luata in timpul intdlnirii
Comitetului Tehnic de Termometrie al EUROMET in anul 2005 (Viena, 2005). Institutul NMi VSL a fost desemnat pentru
organizarea acestei comparatii, cu ajutor din partea a sase institute co-pilot. In urma comparatiei cheie precedente de
punctul triplu al apei, CCT K7, Comitetul Consultativ de Termometrie (CCT) al Conventiei Metrului a recomandat sa fie
specificata comporzitie izotopicd a apei precum cea a Vienna Standard Mean Ocean Water (V-SMOW). Aceastda
clarificare a definitiei kelvinului a fost inclusd in noua versiune recentd a brosurii SI.

Cuvinte cheie: comparatie cheie, punctul triplu al apei, compozitie izotopicad, incertitudine.

Abstract. The water triple point serves to define the kelvin, the unit of thermodynamic temperature, in the International
System of Units (SI) and it is the most important temperature fixed point in the International Temperature Scale of 1990
(ITS-90). EUROMET.T-K7 key comparison of water triple point (WTP) cells is a regional extension of Comité International
des Poids et Mesures (CIPM) key comparison CCT-K7. The decision to initiate this comparison was taken during the 2005
meeting of EUROMET Thermometry Technical Committee (Vienna, April 2005). The NMi VSL was charged with organizing
this comparison, with support from six co-pilot institutes. After the previously key comparison, CCT K7, the Consultative
Committee for Thermometry (CCT) of the Metre Convention has recommended that the isotopic composition of the water
should be specified as that of Vienna Standard Mean Ocean Water (V-SMOW). This clarification of the kelvin definition has
been included in the recent new version of the SI brochure.

Keywords: key comparison, water triple point, isotopic composition, uncertainty.

1. INTRODUCERE

Kelvinul, unitatea de masurda a temperaturii
termodinamice din Sistemul International de Unitati
(SI), este definit prin atribuirea valorii temperaturii
de 273,16 K punctului triplu al apei. in plus, punctul
triplu al apei este cel mai important punct fix de
temperatura al Scarii Internationale de Temperatura
din 1990, SIT 90, deoarece serveste ca temperatura
de referintd pentru masurarile cu termometre cu
rezistentd din platind etalon intre 13,803 3 K si
1234,93 K [1]. In acest domeniu, orice valoare a
temperaturii Ty este determinatd in functie de
raportul Wty al celor doua valori ale rezistentei ter-
mometrului etalon, adica dintre valoarea rezistentei
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1. INTRODUCTION

The kelvin, unit of thermodynamic tempera-
ture, in the International System of Units (SI), is
defined by assigning the temperature 273.16 K
to the triple point of water. In addition, the water
triple point is the most important temperature
fixed point of the International Temperature
Scale of 1990, the ITS-90, because it serves as a
reference temperature for measurements with
standard platinum resistance thermometers between
13,803 3 K and 1 234,93 K. In this range, any
temperature 7y is determined in terms of the
ratio W rgg) of two resistances of a standard ther-
mometer, the resistance R gy at the temperature
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Rt90y la temperatura Ty, $i valoarea rezistentei
R273.16) la punctul triplu al apei.

W(T9()) = R(T9o/ R(273.]6)

Orice componenta a incertitudinii determinata
la realizarea punctului triplu al apei este propagata
pe intreg domeniul de temperaturd. Pentru reali-
zarea punctului triplu al apei sunt utilizate celule
de punctul triplu al apei de constructie proprie sau
construite de diferiti producatori comerciali.

Comparatia cheie EUROMET.T-K7 de celule de
punctul triplu al apei (PTA) este o extindere a nivel
regional a comparatiei cheie CCT-K7 a CIPM [2].

Decizia de a incepe aceasta comparatic a fost
luatd in timpul intilnirii Comitetului Tehnic de
Termometrie al EUROMET 1n anul 2005 (Viena,
2005). Cu aceeasi ocazie, institutul NMi VSL a fost
desemnat pentru organizarea acestei comparatii, cu
ajutor din partea a sase institute co-pilot: CEM (Spa-
nia), INRIM (Italia), LNE-INM/CNAM (Franta),
MIRS/FE-LMK (Slovenia), SMD (Belgia) si SMU
(Slovacia).

Pe langa importanta sa deosebitd pentru termo-
metrie, rezultatele acestei comparatii sunt importante
in mod special pentru analiza la nivel international a
Capabilitatilor de Masurare si Etalonare (CMC-uri)
ale Institutelor Nationale de Metrologie din cadrul
Aranjamentului de Recunoastere Mutualda (MRA).
Acesta oferd beneficiarilor o cantitate semnificativa
si sigurd de informatii asupra comparabilitatii
serviciilor nationale de metrologie si oferd o baza
tehnica pentru acorduri pe scard larga negociate in
tranzactiile internationale, comertul si afacerile
externe. Rezultatele obtinute In urma acestei compa-
ratii permit verificarea CMC-urilor participantilor,
corespunzatoare comparatiei, dar acest aspect nu va
fi discutat 1n cele ce urmeaza.

Aceastd lucrare descrie aspectele experimentale
ale comparatiei si rezultatele acesteia. Raportul
complet al comparatiei este disponibil in alta
publicatie [1]. Lipsa de precizie in definirea
kelvinului a fost remediata in noua si cea de a 8-a
editie a brosurii SI, unde definitia kelvinului este
acum insotitd de o clarificare, care specifica
compozitia izotopica a apei din celula.

Este binecunoscut faptul ca masurarea la punctul
triplu al apei este de o importantd cruciala in
termometrie si efectuarea ei este necesara pentru
etalonarea la orice punct fix de temperatura.

2. COMPARATIA DE CELULE DE PTA
2.1. Obiectivele comparatiei

Obiectivele specifice acestei comparatii au fost
acela de a fi efectuatd o comparare directa a celulelor
de punctul triplu al apei pentru calculul diferentelor
dintre celule, oferind o relatie directd cu CCT-K7
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Tyy and the resistance R 2734 at the triple point of
water:

W(r90) = R(T9o/ R(273.]6)

Any uncertainty component in the realization of
the water triple point is propagated over this whole
temperature range. The water triple point is re-
alized by using commercial or self-made water
triple point cells.

EUROMET.T-K7 key comparison of water
triple point (WTP) cells is a regional extension of
CIPM key comparison CCT-K7 [2].

The decision to initiate this comparison was
taken during the 2005 meeting of EUROMET
Thermometry Technical Committee (Vienna, April
2005). In the same occasion, NMi VSL was char-
ged with organizing the comparison, with support
from co-pilot institutes CEM (Spain), INRIM
(Italy), LNE-INM/CNAM (France), MIRS/FE-
LMK (Slovenia), SMD (Belgium) and SMU
(Slovakia).

In addition to its importance for thermometry,
the results of this comparison are particularly
important for the international review of declared
Calibration and Measurement Capabilities (CMCs)
of National Metrology Institutes in the framework
of the Mutual Recognition Arrangement (MRA).
The latter gives users reliable quantitative infor-
mation on the comparability of national metrology
services and provides the technical basis for wider
agreements negotiated for international trade, com-
merce and affairs. The results of this comparison
allow to verify the related CMCs of the parti-
cipants, but this aspect will here not be developed
further.

This paper describes the experimental aspects of
the comparison as well as the results. The full
comparison report is available elsewhere [1]. The
lack of precision in the definition of the kelvin has
been remedied in the new, 8th edition of the SI
brochure, where the kelvin definition is now
accompanied by a clarification, which specifies the
isotopic composition of the cell water.

Clearly the measurement at the triple point of
water is crucial for thermometry as it pops up
inexorably at any temperature.

2. THE COMPARISON OF THE WTP CELLS
2.1 Objectives of the comparison

The specific objectives of this comparison were
to be a direct comparison of water triple point cells
to quantify the differences between the cells, pro-
viding a link to CCT-K7 to the EUROMET members
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membrilor EUROMET care nu au luat parte la
comparatia CCT-K7, precum si acela de a fi
realizatd o comparare intre referintele nationale la
temperatura PTA. Intrucat toti participantii au adoptat
metodologiile descrise in documentele mentionate in
protocolul tehnic (majoritatea referitoare la influenta
compozitiei izotopice §i a impuritatilor), va fi
interesantd compararea noii distributii a referintelor
nationale la cea generatd de CCT-K7.

2.2 Participantii, rolul lor si colectivele

La comparatie au participat in total 24 de institute.
Cu exceptia laboratorului pilot (NMi VSL), parti-
cipantii au fost impartiti in sase grupe, fiecare dintre
ele incluzand un co-pilot dupa cum urmeaza (co-pilotii
sunt prezentati cu caractere Ingrosate):

1. CEM, MKEH, INM

2. CMI, GUM, SMU, VMT/PFI

3. EIM, INRIM, MIKES, PTB

4. DTL JV, LNE-INM/CNAM, VNIIM

5. DZM-LPM, MIRS/FE-LMK, UME, ZMDM
6. BEV, IPQ, NML, SMD

in formarea grupurilor s-a impus doar o singura
restrictie: fiecare dintre ele sa aiba inclus cel putin
un participant la CCT-K7.

Schema de organizare a comparatiei este ilus-
tratd in figura 1.

group,

@ CCT-K7 transfer cell
© NMi-VSL transfer cell

CJ non-co-pilot transfer
cell

INRIM 2

that did not take part to CCT-K7, and also to be a
comparison of the national realizations of the WTP
temperature. As all the participants adopted the
methodologies described in the documents
mentioned in the technical protocol (mostly
concerning isotopic and impurity effects), it will
be interesting to compare the new distribution of
the national references to the one generated by
CCT-K7.

2.2 Participants, roles and groups

A total of 24 institutes took part in the com-
parison. With the exception of the pilot (NMi VSL),
the participants were divided in 6 groups, each one
of them including one co-pilot as follows (bold
characters for co-pilots):

CEM, MKEH, INM

CMI, GUM, SMU, VMT/PFI

EIM, INRIM, MIKES, PTB

DTIL JV, LNE-INM/CNAM, VNIIM
DZM-LPM, MIRS/FE-LMK, UME, ZMDM
. BEV, IPQ, NML, SMD

Only one technically-based constraint was
imposed on the group composition: to have at least
one CCT-K7 participant within each group.

The scheme of the organization of the com-
parison is presented in Figure 1.
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Fig. 1. Schema de organizare a comparatiei.
Fig. 1. Scheme of the organization of the comparison.

T; (transfer cell) — T; (national reference)
u(T; (transfer cell) — T; (national reference))
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Fiecare laborator participant a selectat o celula
de transfer pentru comparatie. Laboratoarele care
nu au participat la CCT-K7 (cu exceptia PTB) au
adoptat ca celula de transfer pentru aceasta
comparatie aceeasi celuld pe care au utilizat-o ca
celula de transfer in cadrul CCT-K7.

Protocolul a cerut ca celulele de transfer sd fie
atent selectate de catre laboratorul in a cérei dotare
se afla, acest lucru facandu-se pe baza unor criterii de
selectie, si a permis laboratoarelor co-pilot rezervarea
dreptului de a respinge celulele de transfer care nu
indeplinesc criteriile de selectie. Mai exact: la supra-
fata apei sa nu pluteasca nici o impuritate vizibila, la
0 usoara rasturnare a celulei sa se produca un “clic”
sonor, dimensiunea permisé a bulelor de aer pentru
o celula acceptabila depinde de tipul celulei si sa nu
arate nici un fel de comportare anormala.

Protocolul a cerut participantilor un buget de in-
certitudine detaliat, care sa includa atat incertitudinea
referintei nationale reprezentdnd punctul triplu al
apei (incertitudinea realizatd) cat si incertitudinea
de etalonare a celulei de transfer. Odata ce refe-
rinta nationald reprezintd 273,16 K (in unele cazuri
dupd corectarea pentru concentratia cunoscuta de
impuritati si compozitia chimicd), incertitudinea
finald este aceea pentru diferenta de temperaturd
dintre celula de transfer si 273,16 K sau, ceea ce
este acelasi lucru, aceea a temperaturii absolute a
celulei de transfer.

Fiecare participant i a determinat valoarea
diferentei de temperaturd dintre celula sa de
transfer si referinta sa nationald, si incertitudinea
standard compusa corespunzatoare.

Se presupune ca referinta nationald reprezintd
punctul triplu al apei, in ce priveste incertitudinea
de realizare corelatd care include influenta im-
puritatilor si a izotopilor. Prin referintd nationald
intelegem referinta nationald utilizatd in masurarile
efectuate In comparatia prezentata.

Diferentele de temperatura dintre referintele
nationale si celula de referinta a NMi-VSL

Putem acum combina rezultatele masurarilor
efectuate la laboratorul pilot, la laboratoarele co-
pilot si la laboratoarele ne-copilot pentru a afla
diferenta de temperatura a fiecarei referinta nationala
fatd de celula de referintd a NMi-VSL (VSL-094)
si incertitudinea ei corespunzatoare.

Pentru scrierea diferentei de temperatura masu-
ratd intre doud celule, sunt addugati indici si
exponenti pentru a evidentia rolul ambelor celule
in comparatie.

In plus, diferentele masurate sunt incluse in
paranteze si un indice este addugat in paranteze
pentru a indica rolul executantului in comparatie
(pilot, co-pilot, ne-co-pilot).
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Each participant laboratory selected one transfer
cell for the comparison. The laboratories that had
participated to CCT-K7 (except for PTB) adopted as
transfer cell for this comparison the same cell that
they used as transfer cell in CCT-K7.

The protocol required the transfer cells to be
carefully selected by the owning participant on the
basis of a number of selection criteria, and allowed
the co-pilot laboratories to reserve the right to
reject transfer cells not meeting the selection
criteria. In particular, no floating material should
be visible, the cell should produce a sharp “click”
if gently inverted, the allowable bubble size for an
acceptable cell depends on the cell type and it
should not show any known abnormal behavior.

The protocol asked the participants for a
detailed uncertainty budget, which should include
the uncertainty of the national reference repre-
senting the true water triple point temperature
(realization uncertainty) and the uncertainty of the
calibration of the transfer cell. Since the national
reference represents 273,16 K (in some cases after
correction for known impurity concentration and
isotopic composition), the final uncertainty is that
for the temperature difference between the transfer
cell and 273,16 K or, which is identical, that of the
absolute temperature of the transfer cell.

Each participant { determined the temperature
difference between its transfer cell and its national
reference, and the corresponding combined standard
uncertainty, respectively:

The national reference is assumed to represent
the ideal water triple point temperature, within a
related realization uncertainty which includes the
effects of impurities and isotopes. For national
reference we mean the national reference as
resulting from the measurements performed in this
comparison.

Temperature differences between the national
references and NMi-VSL reference cell

We can now combine the results of the mea-
surements at the pilot’s laboratory, the co-pilots
laboratories and non-co-pilots laboratories to find
the temperature difference of each national
reference from the NMi-VSL reference cell (VSL-
094) and its corresponding uncertainty.

When writing the temperature difference mea-
sured between two cells, subscripts and superscripts
are added to emphasize the role of both cells in the
comparison.

Moreover the measured differences are enclosed
within brackets and a subscript is added to the
bracket indicating the role of the performer in the
comparison (pilot, co-pilot, non-co-pilot).
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Astfel, spre exemplu, Ty, EUK7 se referd la celula
de transfer a NMi-VSL, cu numaérul / din aceasta
comparatie, in timp ce Tyg; CCTR7 e referd la celula
de transfer folosita de NMi-VSL in cadrul CCT-K7.
Daca este masuratd diferenta de temperaturd dintre
acestea doud de catre laboratorul pilot, aceastd dife-
rentd este notata astfel: (7; EUKT _ T CCT'”),,,—;,,,.

Prin combinarea masurarilor efectuate la labora-
torul pilot a masurarilor laboratoarelor co-pilot si a
masurarilor de la laboratoarele ne-co-pilot obtinem:

Nat Ref CCTK7 _ CCTK7

T;; ; Tyst = (T st - Tyst N )Rf*'
roup j roup j at Rej

H(Tcen - Tysy) - (Teen i - T )

j=12.6 i=1,2,3,4

Rezultatele sunt raportate in tabelul 1 si in
figura 2.

Participarea INM la comparatia cheie de celule
de punct triplu al apei EUROMET.T-K7

Laboratorul INM a participat la comparatia
cheie EUROMET.T-K7 ca laborator ne-co-pilot si
celula sa de transfer a fost etalonatd de laboratorul
CEM (Spania) fata de referinta nationala si fata de
celula NMi VSL.

Pentru aceastd comparatie, echipamentul pentru
realizarea masurarilor la punctul triplu al apei a
fost modernizat pentru a obtine masurdri de o
exactitate mai bund si operare mai eficienta.

In urmitoarea sectiune este descris echipa-
mentul utilizat la INM pentru masurari.

Pentru referinta nationala au fost utilizate patru
celule de punctul triplu al apei: o celuld NPL — data
de fabricatie noiembrie 2001, o celula ISOTECH —
data de fabricatie noiembrie 2005, doud celule pro-
ductie proprie, datele de fabricatie 2002 si 2003,
pentru aceste celule nefiind disponibild compozitia
izotopica.

So, for example, Tys;; EUKT refers to NMi-VSL
transfer cell i of this comparison, while Tyg; CCTK7
refers to the transfer cell that NMi VSL used
during CCT-K7. If the temperature difference
between these two cells is measured by the pilot’s
laboratory, this difference is written as (7; EUKT
Tyst CCT-K7)pilot~

By combining the measurements at the pilot’s
laboratory, the measurements at the co-pilots
laboratory and the measurements at the non-co-
pilots laboratories we have:

Nat Ref CCTK7 _ CCT-K7
T - Tyst = (T vsij - Tyse N )R}"
roup j roup j at Re
+ (Tcen i - Tysyy) - (Teen - T )

j=12.6 i=1,2,3,4
The results are reported in Table 1 and Figure 2.

Participation of INM at the key comparison
of water triple point cells EUROMET T-K7

INM Laboratory participated at EUROMET. T-
K7 - Key comparison as a non-copilot laboratory
and its transfer cell was calibrated by CEM
laboratory (Spain) against its national reference
and also against a NMi VSL cell.

The setup for measurements of the water triple
point cells was modernized for this comparison to
allow for more accurate measurements and more
efficient operation.

Equipment used for the measurements at INM
are described in the following section.

As the national reference were used four water
triple point cells: one NPL cell - manufacture date
november 2001, 1 ISOTECH cell - manufacture
date november 2005, two self-made cells - manu-
facture date 2002, 2003, isotopic composition was
not available for these cells.

Tabelul 1. Diferenta de temperatura dintre referinta nationala a fiecarui laborator participant si celula de referinta a
NMi-VSL (VSL-094). Incertitudinea standard compusa pentru & = 1. [2]

Table 1. Temperature difference between the national reference of each participant laboratory and NMi-VSL reference cell
(VSL-094). Combined standard uncertainty for k=1

T(nat. ref.) - Uncertainty /nK T(nat. ref.) - | Uncertainty /uK
Laboratory T(V(SL-094))/uK (k= 1t)y : Laboratory T(V(SL-094))/;1K (k= 1)y g
INM (Ro) -2.9 64 1PQ 29.6 80
MKEH -77.4 69 NML 39.9 134
EIM 454 113 CMI -310.2 61
MIKES -16.6 65 GUM -308.9 114
PTB 39.3 37 VMT -62.4 119
DTI -51.2 68 CEM 51.2 44
JV -146.1 194 INRIM 1.8 29
VNIIM 63.1 52 LNE-INM/CNAM 159 56
DZM-LPM 9.6 50 MIRS/FE-LMK 33.0 25
UME -85.8 77 SMD 44 .4 34
ZMDM -150.7 119 SMU -39 58
BEV -20.4 174 NMi-VSL 13.9 28
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Fig. 2. Diferenta de temperaturd dintre referinta nationald a fiecarui laborator si celula de referintd a NMi-VSL (VSL - 094).
Incertitudinea standard compusa pentru £ = 1. Linia rosie intrerupta reprezintd valoarea de referinta a comparatiei cheie
CCT - K7 (CCT-K7 KCRYV). Linia verde punctata reprezinta cea mai buna aproximare SI pentru CCT-K7 [2].

Fig. 2. Temperature difference between the national reference of each participant laboratory
and NMi-VSL reference cell (VSL-094). Combined standard uncertainty for k=1.

Red dashed line represents CCT-K7 KCRV. Green dotted line represents CCT-K7 best SI approximation [2].

Pentru masurari a fost utilizata puntea termome-
tricd de mare precizie ASL F18, cu precizia de 0,1
ppm. Pentru achizitia datelor de la puntea termo-
metricd a fost utilizat softul Labview. Curentii de
masurare au fost 1 mA, 1,4142 mA (25 Hz),
numarul si frecventa citirilor masurdrilor repetate:
10 citiri/curent, frecventa citirilor: 15 s, rezistorul
de referinta: Tinsley, 25 ohm, tipul termometrului:
Tinsley cu lungimea senzorului de 54 mm, vasul
de stocare a celulelor de punct triplu al apei:
container izolat productie proprie, cu gheata pisata.

Celula de transfer a laboratorului a fost o celuld
Hart Scientific tip 5901A-Q cu data de fabricatiei:
februarie 2006. Analiza izotopica a celulei de trans-
fer a fost cea furnizatd de producitor: 6Dyspow 1 %o
Sl SISOVSMQW 0,2 %o.

In ce priveste tehnica de pregatire a mansonului
de gheatd, participantii au avut libertatea de a
utiliza procedura utilizatd in mod curent in labora-
torul propriu. Laboratorul INM a utilizat metoda
uscata de pregatire a mansonului, cu CO, solid.

Masurarile au fost efectuate conform proto-
colului. Astfel, au fost efectuate masurdri pentru
doud mangoane de gheatd ale celulei de transfer,
pregatite separat. Masurdrile au inceput sapte zile
dupa pregatirea mansonului de gheatd. Cu exceptia
acestei proceduri, au fost urmate toate celelalte
proceduri descrise in Supplementary Information for
ITS 90. Pentru fiecare mangon de gheatd pregitit,
compararea directd cu referinta nationald a fost
finalizatd in doua sdptdmani (inclusiv perioada de
agteptare), fiind efectuat un rand de masurari pe zi.
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For measurements was used the high precision
thermometric bridge ASL F18, accuracy 0,1 ppm.
For data acquisition from the thermometric bridge
was used Labview soft. Measurements were made
with currents: 1 mA, 1,4142 mA (25 Hz), number
and sampling frequency of repeated measurements:
10 readings/current, frequency: 15 s, reference
resistor: Tinsley, 25 ohm, type of thermometer:
Tinsley with length of sensor, 54 mm, storage
container for WTP cells: home-made insulated
crushed ice container.

The transfer cell of our laboratory was a Hart
Scientific type 5901A-Q with the manufacture
date: february 2006. Isotopic analysis of the
transfer cell was available from manufacturer:
SDVSMOW 1 %0 and 818OVSMOW 0,2 %o.

Regarding the technique for the preparation of
the ice mantle, the participants were left free to use
the procedure normally applied in their laboratory.
INM laboratory used the dry preparation method
with solid COs,.

The measurements were made according to
the protocol. Thus, they were performed on two
separately prepared ice mantles of the transfer
cell. The measurements started seven days after
the preparation of the ice mantle. Excepting this
procedure, all the other procedures described in
Supplementary Information for ITS 90 were
followed. For each prepared ice mantle, the direct
comparison to the national reference was finalized
within two weeks (including the waiting period)
with typically one measurement per day.
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Componentele incertitudinii referitoare la com-
pararea unei perechi de celule au fost separate de
componentele referitoare la referinta nationala,
permitand astfel flexibilitatea necesara analizarii
rezultatelor.

In tabelul 2 este prezentat bugetul de in-
certitudine trimis de BRML — INM.

The uncertainty components related to the
comparison of a pair of cells were separated from
the components related to the national reference,
thus allowing the necessary flexibility in the
analysis of the results.

The uncertainty budget submitted by BRML -
INM is the one reported in Table 2.

Table 2. Bugetul de incertitudine transmis de BRML - INM
Table 2. Uncertainty budget submitted by BRML — INM

Origin Contribution (£=1) / pnK
National reference (Uncertainties related only to properties of the reference cell)
Chemical impurities 50
Isotopic variation
Residual gas pressure in cell neglectable
NeglectableReproducibility 10
Comparison of transfer cell to national reference (Uncertainties related to the
comparison of the two cells)
Repeatability for a single ice mantel (incl. bridge noise) 8
Reproducibility for different ice mantles 12
Reproducibility for different types of SPRTs 5
Hydrostatic head of transfer cell 3
Hydrostatic head of reference cell 3
SPRT self-heating in the transfer cell and reference cell 10
Perturbing heat exchanges 20
Others
Total uncertainty 58

Reproductibilitatea

Estimarea reproducerii referintei de temperatura
datorata schimbarilor urmatoarelor marimi de influ-
entd: marimea cristalelor, imbatranirea mangonului,
diferite mangoane, manipularea celulelor inainte de
pregatirea mangonului.

Repetabilitatea pentru un singur manson de
gheata (inclusiv zgomotul puntii)

Prin repetabilitatea pentru un singur mangon de
gheata se intelege abaterea standard experimentala
a diferentelor de temperaturd obtinute zilnic intre
celula de transfer si in cele referintd nationala,
impartita la radical din numdarul de rezultate
obtinute zilnic (aici fiind in special 10). Aceastd
componentd ia, de asemenea, in considerare stabi-
litatea rezistorului de referintd (influenta schimbarii
temperaturii asupra acestuia).

Reproductibilitatea pentru diferite
mansoane de gheata

Reproductibilitatea pentru diferite mansoane de
gheatd reprezintd variabilitatea suplimentara intro-
dusa la masurarea cu diferite mansoane a celulei de
transfer (probabil laboratoarele folosesc aceleasi
manson de gheatd pentru celula de referintd in
timpul masurarii).
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Reproducibility

Estimate of the reproducibility of the tem-
perature reference due to changes in the following
quantities: crystal size, the age of the mantles,
different mantles, the handling of the cells before
preparation of the mantle.

Repeatability for a single ice mantle
(including bridge noise).

The repeatability for a single ice mantle is
understood as the experimental standard deviation
of the daily obtained temperature differences
between the transfer cell and the national refe-
rence, divided by the square root of the number of
daily results (here typically 10). This component
takes also in account the stability of reference
resistor (temperature effect).

Reproducibility for different
ice mantles

The reproducibility for different ice mantles
represents the additional variability introduced by
measuring on several different ice mantles on
transfer cell (probably the laboratory uses the same
ice mantle of the reference cell during the time of
measurements).
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Reproductibilitatea pentru diferite tipuri
de termorezistente din platina etalon (TRPE)

E posibil ca diferentele de temperatura obser-
vate dintre celula de transfer si cele de referinta sa
depinda si de TRPE-ul utilizat. Aceastd componenta
ia in considerare un posibil defect al izolatiei
interne a TRPE.

Autoincilzirea TRPE in celula de transfer si in
cea de referinta

Aceste componente ale incertitudinii pot fi
foarte mult corelate. Tuturor valorilor obtinute din
masurari le-a fost aplicatd corectia datoratd auto-
incélzirii. Dacd wvalorile rezistentei termice au
acelasi ordin de marime in toate celule, cea de
transfer si cele de referintd, diferenta dintre valorile
corectiilor pentru autoincilzire este una este una
foarte mica. in plus, componentele incertitudinii
asociate corectiilor de auto-incalzire din celulele de
transfer si de referintd sunt puternic corelate. in
acest caz, incertitudinea asociatd corectiilor cu
auto-incdlzirea contribuie doar la incertitudinea de
tip A, a compardrii celulelor.

Schimburile de cildura perturbante

Pot fi determinate prin doua metode:

- prin compararea abaterilor de la presiunea
hidrostatica obtinuta atat in celula de transfer cat si
in cele de referintd (prin schimbarea adancimii de
imersie pe intreagad lungimea senzorului = 5 cm).

- prin modificarea schimburilor termice intre
termometru si mediul sdu in timpul masurarilor
efectuate atat pe celula de transfer, cat si pe cele de
referintd nationala.

Referitor la influenta impuritatilor chimice si
a variatiei izotopice: laboratorul nostru nu are
facilitati de analizare a impuritatilor din apa si a
compozitiei izotopice, astfel Incat efectele impuri-
tatilor si ale izotopilor au fost estimate la 50 pK
prin compararea rezultatelor celulei de transfer cu
alte celule de transfer obtinute de la producdtori cu
reputatie ce folosesc apa oceanica, si, de asemenea
tindnd cont de informatiile din certificatul pro-
ducatorului celulei de transfer.

Rezultatele INM la punctul triplu al apei sunt
urmatoarele: gradul de echivalentd al INM relativ
la valoarea de referintd a comparatiei cheie la
punctul triplu al apei este de -2,9 pK, cu o incerti-
tudine extinsa asociata de 130 pK (pentru k= 2).
Rezultatul obtinut in cadrul acestei comparatii
cheie a permis laboratorului nostru declararea unei
capabilitdti de masurare cu o incertitudine extinsa
de 150 pK, mult mai buna decat cea de 500 pK de-
claratd anterior pentru etalonarea celulelor de punctul
triplu al apei.
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Reproducibility for different types
of SPRTs

The observed temperature differences between
the transfer and the reference cells could depend
on the type of SPRTs. This component takes
into account possible SPRT internal insulation
leakage.

SPRT self-heating in the transfer cell and
reference cell.

These uncertainties could be strongly positively
correlated. All the measurements are corrected
for self-heating effect. If the thermal resistances
have approximately the same magnitude in
transfer and reference cells the difference between
the self-heating corrections is very small. In
addition the uncertainties on self-heating corrections
in transfer and reference cells are strongly
correlated. In this case the In this case the un-
certainty in self-heating corrections only contributes
to the Type A uncertainty of the comparison of
cells.

Perturbing heat exchanges

They may be determined by two methods:

- by comparing the deviations from expected
hydrostatic pressure correction obtained in transfer
and reference cells (by changing immersion depth
over the length of the sensor = 5 cm).

- by modifying the thermal exchange between
thermometer and its environment during the
measurements on transfer and reference cells.

Regarding the influence of chemical impurities
and isotopic variation: our laboratory has no
facilities for analyzing impurities of water and
isotopic composition, so effects of impurities and
isotopes were estimated to 50 uK by comparing
results of transfer cell with other different cells
from good manufacturers that are using oceanic
water, and also taking into account the data from
the certificate of the manufacturer of transfer
cell.

Results of INM laboratory at triple point of
water are the following: the equivalence degree of
INM regarding the reference value of the key
comparison at triple point of water is -2,9 puK, with
an associated expanded uncertainty of 130 uK (for
k=2). The result obtained in this key comparison
allowed our laboratory to declare a value for
measurement capability of expanded uncertainty of
150 pK, much better than the previously declared
one of 500 pK, for triple point of water cell
calibrations.
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COMPARATIE INTERNATIONALA DE PUNCTUL TRIPLU AL APEI SPRE O MAI PRECISA DEFINITIE A KELVINULUI

Aceste rezultate sunt comparabile cu cele
obtinute de laboratoare recunoscute ca avand un
nivel inalt de competenta si experienta tehnica.

3. CONCLUZII

Masurarile efectuate atat in prima parte cat si in
partea a doua a comparatiei arata faptul ca se poate
afirma pe buna dreptate cd celulele de transfer
utilizate in aceastd comparatie si cadrul CCT-K7,
inca reproduc echivalenta stabilitd Tn urma CCT-
K7 intre CEM, IPQ, LNE, NMi-VSL si SMU.

Aceasta comparatie permite determinarea vari-
atiei intre referintele nationale ale laboratoarelor
participante. Se poate observa faptul cad o mare
parte a variatiei poate fi atribuitd diferentelor de
compozitie izotopica a celulelor.
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These results are comparable with the ones
obtained by other laboratories whose competence
and technical experience are recognized as being
ones of high level.

3. CONCLUSIONS

The measurements performed in part 1 and
part 2 show that it is reasonable to assume that the
CCT-K7 transfer cells used in this comparison are
still reproducing the equivalence established in CCT-
K7 between CEM, IPQ, LNE, NMi-VSL and SMU.

This work allows one to determine the variation
within a large number of water triple point cells of
different origin as well as the variation between the
national references of the participating laboratories.
A large portion of the observed variation could be
attributed to differences in the isotopic composition
of the cell water.
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