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Abstract
Progress achieved in the development of primary gas thermometry methods suggests their use for the dissemination of the redefined kelvin. This possibility is being explored, within EURAMET’s funding programme, by the DireK-T research project. DireK-T scheduled activities include: an International comparison of thermodynamic temperature realizations, in the range between 4 K and 304 K, using capsule-type resistance thermometers as transfer standards; the development of acoustic gas thermometry methods to become suitable for use up to 700 K; tests aiming at ensure consistency of dissemination whether it is by thermodynamic temperature or the defined scale (ITS-90).  These objectives are presented by discussing the scientific challenges involved and the future impact on temperature traceability.

Appunti per presentazione:
progresso metodi primari:
progresso calcoli ab-initio
progresso metodi sperimentali (collegato al precedente per la semplificazione delle procedure)
progresso stima (consensus) differenze T-T90 -> possibilità di scegliere quale scala (termodinamica o ITS-90) disseminare

passi da percorerre difficoltà attese
nonostante ci si sia confrontati negli ultimi dieci anni su detrminazione k e T-T90 in tutti questi casi non si può parlare di un confronto completamente blind, perchè ognuno era al corrente del risultato finale che si aspettava di ottenere,  e la stima dell’incertezza di tali metodi e risultati, benchè oggetto di peer review era nacora suscettibile della valutazione (ottimistica o conservativa) dei singoli gruppi, Ciononstante si è dato almeno un caso in cui i risultati si sono rivelati inconsistenza (problema concetrazione isotopica Ar)
nel progetto che descriverò, attuakmente in corso il confronto deve essere completamente blind e anche senza alcun riferimento a ITS-90
ci si aspetta che il progetto/confronto  e nella sua conclusione riveli più inconsistenze errori del tipo composizione Ar. Se ciò avvenisse non sarebbe necesariamente un fatto negativo ma fisiologico utile a rivelare errori metodologici

Problema sensori/termometri utilizzati come campioni di trasferimento nel confronto e come mezzo per la disseminazone. 
Sono fragili, scarsamente disponibili, talvolta caratterizzati da complicate funzioni di sensibilità resistenza/temperatura.
A quando nuovi sensori?
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Definition of the kelvin

 motivations for the new definition
» consequences of the new definition
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2019 The new Sl definition of the kelvin, based on an exact value of the Boltzmann

constant, k comes into effect

why change the old which obligates to compare any other temperature with Tp,
definition of the kelvin? no matter how different (low or high) it is

Trpw = 273.16 K exactly 273. K

because it defines just one
very special temperature

also, because of the old definition of the kelvin,
no temperature measurement can ever be made with lower
uncertainty than the uncertainty with which T, can be realised

also, because | T;p,, =273.16 K exactly

was at the same time the definition of the unit and the
recipe for the realization of the primary standard

Uncertainty
Definition e
aNEW - whatever we have (MeP)
: — -23 -1
a fixed exact value of kﬁ:ﬂ;%@%@%@{%&e =JK whatever we may invent
the physical constant k < — in the future
Realiz486H" -




consequences and implications of the new kelvin definition

primary thermometry - realization of standards

* Tqpy = 273.16 K loses its special status; to measure the temperature of an object, its thermal energy
is no longer compared to the thermal energy of the TPW.

Instead, the thermal energy of an object is now compared to the Sl Joule, i.e. to the product AV h

» If a primary thermometer will be significantly improved in the future, than both the value and the
uncertainty of T.p, (like that of any other T) may change. The new definition of the kelvin does not
imply any intrinsic limitation on the minimum uncertainty which may futurely be achieved

practical thermometry - dissemination

* International Temperature Scales, will remain in use until primary methods will become just as
accurate and practical. If and when this will happen, then ITS-90 will be abandoned and calibration
may take place directly on the thermodynamic temperature scale

» particularly ITS-90 remains in use, nearly unvaried; it is still based on the same fixed points;

» calibration of thermometers, temperature traceability and dissemination remain practically
unchanged

New SI

2019 — 2024
no change

S| Brochure — 9th edition (2019) — Appendix 2 20 May 2019 Practical realization of the kelvin by primary thermometry

Mise en pratique

[..] In the future, as the primary methods evolve and are expected to

for the definition of the kelvin in the Sli achieve lower uncertainties, primary thermometers will become more
Consultative Committee for Thermometry widely used and gradually replace the ITS-90 and the PLTS-2000 as

the basis of temperature measurement

progress?




Primary thermometry methods
basic relationsto T

2017

methods used for the determination of
Boltzmann constant k
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2017 - ongoing

determination of T—Tg,

AGT
year NMI Trange /K  u(T-Tgy) / mK
2017 118 to 323 0.2t0 0.4
2019 [NRIM. 23610430  0.25t00.9
2020 (udan) 23410303 0.5t00.8
2020 g\) 79 to 83 1.0
2020 Nmf} 283 to 303 0.7t00.8
2021 =N (8

DCGT

2017 HPIB 2510140 0.3t01.7
2020 HEPIB 5010200 0.3t01.6
2021 EEPIB 41025 0.2t00.3
2020 @ 25t0 161 0.5t01.7
2021 [NRM 14 to 161 1.7t02.9
LN= 51025 0.1t00.25

Pressure balance
(pressure p)

B Thermostat or
Eryostat

A R-bridge
S (RIRT or PRT)

~ C-bridge

Journal of Physical and
Chemical Reference Data

2022 Update for the Differences Between
Thermodynamic Temperature and ITS-90

Below 335 K @

ARTICLE

(T - Tgo) new consensus estimate

Cite as: J. Phys. Chem. Ref. Data 51, 043105 (2022); dol: 10.1063/5.0131026
Submitted: 17 October 2022 « Accepted: 23 November 2022 -
Published Online: 27 December 2022
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2019 - ongoing

remarkable progress of ab initio calculations of gas thermophysical and electromagnetic properties

improved pair potential

B,(T), £i(T)

7.5X more accurate

improved 3-body
potential ¢ (r,6)

C.(T), n(T)
(3 to5)x more accurate
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improved pair potential

B,(T), b(T), Bi(T), 24(T), 17,(T)
(5 to10)x more accurate

B,(T), Bi(T), A5(T), 17,(T)
expected 3x more accurate

' t improved 3-body
‘ potential ¢ (r,6)
2l P i =

expected soon

important for all gas primary methods AGT, DCGT, RIGT, CVGT

also significantly improved 2nd
and 3rd dielectric virials

particularly important for

also significantly improved
electric polarizability &
magnetic susceptibility
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methods of primary thermometry: isotherm vs single state measurements

example: acoustic gas thermometry (AGT)

U, (T) = 7,KT /m

Facilitations from improved ab initio calculation

acoustic virial coeffs. £,(T), 7(T), ..

0 (p.T) =g (T)(2+ A (T) p(p.T)+ 7, (T) p(p.T) +..)

p=pRT(1+B,(T)p(p.T)+C,(T) p(p.T) +D,(T) p(p.T) +..)

R molar gas constant

density virial coeffs. B,(T), C (7), ..

u*(p,T) AGT, DCGT, RIGT
10x less time-consuming
952500
"0 950000 - Fm—————— -
°c | extrapolation to |
P I zero pressure single state method also applies to
e R | DCGT and RIGT
g
e I
(\I3 I
o040 S, T TmmmTT 1
P I corrected :
s I ab initio
2 L7 | "~ 777"
uo (T )“ 4 ___________ v
I T T T T 1
0 200 400 600 800
pressure / kPa

measuring with gases other than He

AGT, DCGT, RIGT
(10 to100) x less sensitive to contamination

particularly important for AGT at high T

Table 2. Sensitivity of u? to impurities (Moldover ef al 1988).

M/ D? D?

Impurity  (gmol~!)  yg in He in Ar
H, 2 1.4¢ 0.23 0.68
He 4 5/3 0.9
H,O 18 1.322 —-3.93 0.12
Ne 20 5/3 —4.0 0.5
N, 28 1.4¢ —6.27 0.03
0, 32 1.4¢ =73 —0.07
Ar 40 5/3 —-9.0

CO, 44 |.4¢ —10.3 —0.37
Kr 84 5/3 —20.0 —1.1
Xe 131 5/3 —31.8 -23

# Values at 273 K. For polyatomic gases. D and yy
are temperature-dependent. ) — (1/u?)(du?/dx)

DCGT, RIGT
Ne 2x more polarizable than He
Ar 4x more polarizable than Ne
DCGT and RIGT become more sensitive
at lower pressures




methods of primary thermometry:

absolute vs relative various flavours of relative measurements . ) .
relative RIGT by isotherm ratio

example: refractive index gas thermometry (RIGT)

2
T . [ n(pT)-1
TR e
, p—0( N ( ) —
example: acoustic gas thermometry (AGT) P Absolute RIGT _e-" ref Py Tref
@~
’,—.' drastically reduces accuracy requirement on
- compressibility determination
T m ) _-® p y
absolute AGT - K Uo - -
used for 7o (n"—1)/(n"+2) single pressure p, SpRIGT
determination of k T thermodynamic temperature A RelativeRIGT T 5
k Boltzmann constant P ¢ Sre T n ( P, T ) -1
U2 speed of sound at zero pressure ~ 2
m atomic mass "‘;.g-r;."_{_i‘lcr Tref n ( Py ,Tref ) -1
% Ideal gas heat capacity ratio V4 °°f'§7,;--., T _
0 , Des - - .
/ ~ drastically reduces accuracy
SPRIGT _‘;.—.‘ requirement on pressure
- measurement
/W ARIGT ~
‘ . . -
_ u 2 (T) — > single refractive index-frequency f, cfRIGT
relative AGT T=T7T . -0\ 7 2 2
ref 2 T (n"—1)/(n"+2)
used for U," (T) T p(T,nX)—l
determination of T ref reference FIG. 4. Measurement trajectories for RIGT in the variables T ~ (T n ) _1
T_T9O thermodynamic pressure (p) and refractive index (n). Blue dashed lines repre- ref p ref » 7 'x
temperature sent isotherms. Top: Absolute RIGT takes many data points
P on an isotherm at the unknown temperature T. Bottom: eliminates frequency dependent errors

Relative rTRIGT takes several measurements on a reference
isotherm T,.f and on an unknown isotherm 7. Single pres-
sure (spRIGT) uses data at one pressure. Constant frequency

(cfRIGT) uses data at one value of the refractive index n. all these methods also app|y to DCGT




Are we ready for dissemination of T as an alternative to ITS-907?

.._.
LA

B 7 AGT.Pitre or ol 2006
¥ T DOGT Gaiser ef al 2017
A T SPRIGT . Gao ef ol 2020
-]"“l=I dassemination (LNE)

Below 25 K

difficulties in the realization of Ty,

Complex situation with different technical approaches overlapping in ranges

=
LA

* 0.65K to 5 K 2He, “He vapour pressure thermometry;

« 3 Kto~24.6 Kinterpolating He gas thermometer,

Realization uncertainty /mK

* above ~13.8 K fixed-points and capsule SPRTs.

Because of the complexity there are very few full ITS-90 realisations globally in this 3 10 15 20 3 30
temperature range. Also, temperature sensors used in this range, for instance to Temperature /K
disseminate a wire-scale are increasingly more difficult to retrieve 2022 uncertainties of realizations of T (AGT, DCGT, RIGT)

and Ty, between 13.8 K and 25 K

Vapour pressure chambers SﬁT ’He “?le

‘Barometric gas supply.

interpolating He gas thermometer




Are we ready for dissemination of T as an alternative to ITS-907?

at 273.16 K

relative primary thermometry

between 25 K and 303 K

absolute
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6.35 6.4 6.45 6.5 6.55 6.6
T T |

7 T "
0 AGT —<— NIST-88 (Ar)
—— LNE-09 (Ar)
% DCGT —_ NPL-10 (Ar)
JNT —— LNE-11 (Ar)
—— LNE-15 (He)

HOH CODATA-14
I—— INRIM-15 (He)
H-88 g ———-- | NIM/NIST-15
I-C:-i LNE-17 (He)
o NPL-17 (Ar)
—o— PTB-17 (He)
——— NIM-17
b NIM/NIST-17
Fomm——— F———te - NIST-17
b — e ———— <= JI ------- 1 UVa/CEM-17

| CODATA-17

1 1 B 1 | 1 1

635 64 645 65 655 66

[k/(107 J/K)-1.380] 10"

Boltzmann constant k

between 25 K and 303 K, relative primary thermometry still usually refers to Tp-
This method leads to more accurate determinations but it does not fully exploit the

advantages inherent in the new definition;

especially below 120 K, most determinations of T were taken at fixed points, while
it is in the intervals where non-uniqueness uncertainty contributions prevail that
measuring T instead of Ty, may represent a significant advantage

successive determinations of k and T — T4, were both inevitably biased by
previous results. These comparisons were not as meaningful and challenging as a

blind comparison

above the Ga point and only up to 500 K, very few determinations of T — Ty, were
obtained over the last 25 years; it would be interesting to develop thermodynamic
standards up to at least the Zn or Al point to overlap to the range where

radiometric primary thermometers come into play
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Call 3023 - Digital TronatormatonHealth, EURAMET Dissemination of the redefined kelvin (DireK-T) =
Integrated European Metrology, Normative and researCh rO-eCt
Research Potential p J .D.I.R.E.K T
|project proposal & successful presentation to review conference: G. Machin | |coordination R. Gavioso | approved for funding in December 2022
NPLE RiM started in September 2023

duration 3 years

Main Technical objectives

* WP1 - Thermodynamic temperature realisation and dissemination in the range 4 K to 25 K using thermodynamic methods (AGT, DCGT, RIGT)
to NMls without primary thermometry capabilities using temperature sensors as transfer standards with a target uncertainty in the
dissemination of 0.3 mK (k = 1).

« WP2 - Thermodynamic temperature realisation and dissemination in the range 25 K to 300 K using thermodynamic methods (AGT, DCGT) to
NMIs without primary thermometry capabilities using temperature sensors as transfer standards with a target uncertainty in the temperature
dissemination of 0.25 mK at 25 K and 0.6 mK at 300 K (k = 1).

* WP3 - To develop a coherent framework for thermodynamic temperature dissemination (i.e. a protocol) to ensure consistency of the
dissemination of temperature from NMIs to users over the temperature range 4 K to 300 K whether it is by thermodynamic temperature T or
the defined scale (ITS-90) and to develop a recommendation to CCT about the measurement uncertainties and the level of equivalence
between these approaches.

* WP4 - To establish an initial capability for the realisation and dissemination of thermodynamic temperature between 300 K and at least 700 K
with T-Tg, target uncertainty of 0.6 mK at 300 K and 7 mK at 700 K (k = 1).
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Project consortium

Financial budget

| no. | Participant Type Short Name | Organisation legal full name _
Internal Beneficiary INRIM Istituto Nazionale di Ricerca Metrologica Italy
Internal Beneficiary =~ CEM Centro Espafiol de Metrologia Spain Labour (€) 1 681 765.48
Internal Beneficiary ~ CMI Cesky Metrologicky Institut Czechia Subcontracts (€)
Internal Beneficiary CNAM Conservatoire national des arts et métiers  France T&S (€) 155 795.00

Instytut Niskich Temperatur i Badan '
Internal Beneficiary INTIBS Strukturalnych im. Wlodzimierza Poland O?h err) Goo d(s )W orks and 18 616.00

Trzebiatowskiego Polskiej Akademii Nauk 433 916.00
u Internal Beneficiary LNE Ia%zzzio're TEWErE € fielles e France Internally Invoiced Goods and
Internal Beneficiary ~ PTB Physikalisch-Technische Bundesanstalt Germany = BIIGE 1l

Federale Overheidsdienst E - Indirect (€) 572 523.12
u Internal Beneficiary SMD ederale Lverneidsdienst Economie, Belgium Total costs (€) 2 862 615.60

KMO, Middenstand en Energie I c

- Turkiye Bilimsel ve Teknolojik Arastirma Costs as % of Total costs
u Internal Beneficiary TUBITAK Kurumu Turkey Total Eligible Costs (€) 2 862 615.60
Internal Beneficiary UL Univerza v Ljubljani Slovenia EU contribution (€) 2 065 740.60
External Beneficiary ~ NPL NPL Management Limited United EU contribution as % of total EU
Kingdom contribution
Industrial Technology Research Institute VERENTE
(22 Unfunded Beneficiary ITRI ay Province of 358.8

Incorporated China :
Unfunded Beneficiary NIM National Institute of Metrology - NIM China

Technical Institute of Physics and

(288 Unfunded Beneficiary TIPC-CAS Chemistry of the Chinese Academy of China
Sciences
C e CENTRO ESPAN(I)L
| : — DE METROLOGIA
coordination [NRM.  wpieaders EEPTD  [NRM, . NPLHE
: Brunscnusigunagotin E ecqnom !e ational Physical Laboratory

collaborating
partners

D

KRISS

Korea Research Institute of Standards and Science

partners

S \am CZECH
INTiBS PAN ~ cesoasroec T ‘ M METROLOGY
E or kel ASLTTE I_NE @ . University of Ljubljana INSTITUTE
= v
le cnam  Tisink .~ " ITRI

Industrial Technology
Research Institute
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WP1: Practical thermodynamic temperature dissemination between 4 K and 25 K

Dissemination of thermodynamic temperature T in range 4 - 25 K; target u(k=1) 0.3 mK

Three mise en pratique for the definition of the kelvin (MeP-K-19) approaches (AGT, DCGT and RIGT)
used to minimise systematic uncertainty

* New values of T-Ty, in range
* Assessment of stability and sensitivity of different kinds of temperature sensors

measurement of T

measurement of T,

INTiBS PAN

/\c
S
WROCEAW

comparison of T

_ _ _ to pilot
RS — | RS — EO — P

— —— —— — C =M SroesmoL
e — e BPE B — == 1"} DE METROLOGIA
P — P — P — B

13 transfer standards RhFe, Pt-Co and Pt capsule thermometers



WP1 workflow 4 K to 25 K Rh-Fe, Pt-Co, Pt sensors

Until Jan24 | PTB INRIM NPL LNE/CNAM TIPC-CAS | | Thermometer selection, initial stability check |
Pt 1 (PTB) Pt 2 (INRiM) RhFe 3 (NPL) Pt 3 (LNE-CNAM) PtCo 5 (TIPC-CAS

PtCo 6 (TIPC-CAS)

INTiBS PAN
Feb24-Oct24 5K-25K INTiB (Too, 13 thermometers) | T,y and sensitivity determined | #
_________ () with potential support by TIPC-CAS sl
- j \\ WROCLAW
thermometers with initial ownership mixed y results to pilot
e J A (CEM)
Nov24-Dec25 | PTB INRiM LNE/CNAM TIPC-CAS . T-T,, determined Jan26
4K-25K 10K-25K 9K-25K 4K-25K .
Pt 1 (PTB) PtCol1(PTB) [ 7777777ttt results to pllOt
PtCo 6 (TIPC-CAS) PtCo 5 (TIPC-CAS) t | : :
Pt 2 (INRiM) PtCo 4 (LNE-CNAM) PtCo 2 (PTB) ;L? (ZNEN'&\'AM) . T determined (CEM)
RhFe 3 (NPL) RhFe 2 (LNE-CNAM) RhFe 1 (INRiM) e 4 (NPL)

PtCo 3 (INRiM)
. C __ CENTRO ESPANCL
/ INTiBS PAN — DE METROLOGIA

= = =

NPL : T dissemination ! T camnared to check mutial conc N i
« INTIBS i T compared to check mutual consistency | L—==—1 + results to pilot (CEM)
(T, 2 thermometers, 4 K)

btCo 6 (TIPC.CAS] (Too, 13 thermometers) jan26-Apr26 May26
RhFe 3 (NPL) Apr26




WP2 workflow 25 Kto 303 K all thermometers are cSPRTs (Pt)

INTiBS CEM INRIM UL CMI SMD | Until Aug24 | Thermometer selection and T,, determined |
25 K- TPW 83K-303K | | 83K-303K | 83K-303K || 83K-303K || 83K-303K | (T,,, 12 thermometers) l results to pilot
CEM
Pt1(PTB) Pt 4 (CEM) Pt 6 (INRIM) Pt 8 (UL) Pt 10 (CMI) Pt 12 (SMD) ( )
Pt 2 (INRiM) Pt 5 (CEM) Pt 7 (INRiM) Pt 9 (UL) Pt 11 (CMI) Pt 13 (SMD)
same e e T Tydetermined | Jan26
from PTB.and
INRi C — R results to pilot
— DE METROLOGIA (CEM)
INRIM LNE/CNAM NPL KRISS NRC TIPC-CAS Nov24-Dec25
25K-161K 25K; 70K-100 K 83 K-303K 83 K—-303 K 173 K-303 K 25 K-TPW 25K-83K i T determined
Pt 1 (PTB) Pt 2 (INRiM) Pt 5 (CEM) Pt 6 (INRIM) Pt 14 (KRISS) Pt 15 (NRC) Pt 17 (TIDC.CAS)

Pt 4 (CEM) Pt 7 (INRiM) Pt 8 (UL) Pt 9 (UL)

Pt 10 (CMI) Pt 11 (CMI)

Pt 16 (NRC)

Pt 12 (SMD) Pt 13 (SMD)

lay26

INTiBS | range 25 K— 83 K Janzﬁ'Apr% UL| Range83K—303K
Pt1 (PTB) ';;::':I'; || results to
remenn (4 thE€rMoOMeters) pi o (1NRiv) s University o untana (12 thermometers) |
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WP3 — piloting the comparison C p— CENTRO ESPANOL

‘A measure scheme for an International comparison

3

(1) Pilot of lead ¥ Itipl of standards.
(2} Pilot ab sends a test of standards to each participating lab.

() Each lab measunes thelr set and returns it to the pilat.

(4} Pilot Iab romeasares all sets

CEM has a well demonstrated previous experience in participating and/or
- DE METROLOGIA  Piloting key comparisons in thermometry: e.g. EURAMET.T-K9, CCT-K10,
CCT-K7.2021, SIM.T-K9.1 (pilot) and EURAMET.T-S3 (pilot).

1) The first main expected outcome of the comparison is the determination of the

differences T=Tso. (TeoiinTiBS, R(To0, INTiBS))

(Tinm, R(Tinnar))

BHLAB - (ke 1A) Based on the calibration equation
LAB
o LAB Tinmvi — Too(R(Tinmi))
m i ‘ | c m g B % Difference
) l ' H T rom the KERY 1B) Based on the sensitivity coefficient
® e g Q L v conpaton si= dR(Teo)/dTeo ~ dR(T)/AT
=‘T].= ) g B t taint (R':é::;‘co -
| oemennioweRy T— Too = Tinmi — [Too,iinTiBs + (Rinvi — RjinTiBs) / Si

2) The second expected outcome of the comparison is the determination of the
differences (Twmir — Tnmiz) between the thermodynamic calibrations from different primary
experiments.

2A) Based on the calibration equation

First ever framework to ensure consistent dissemination T1,p18 = T2,NE = [(T1.p78 = T00,1INTIBS) Tprg — (T2NE = T002NTIBS)7; e

of temperature (whether by thermodynamic temperature T og) 5. <4 on the sensitivity + (T = Too)Tprg - (T = To0)7i el
or defined scale (ITS-90
( ) Tets , R1pt8(TPTB) = R1PTB R1nTiBS( TInTIBS) = R1INTIBS

First ever documented level of equivalence for TinE , R2iNe(TiNE) = R2.INE R2inmies( Tinmies) = R2,NTiBs
dissemination and traceability between T and Ty,

: : TinTiBs_PTB = TPTB + (R1,NTIBS — R1,PTB)/S1
Recommendation report to CCT on how to realise and - (R FTB)

disseminate T in range, and proposals for future revision TinTiBs_LNE = TINE + (R2inTiBS — R2,LNE)/S2

of the MeP-K-19
The weighted average < TinmiBs_pTB, TINTIBS_LNE , ... > Will be calculated and named <TinTiBs>

and the differences Tintiss_ nvi— <TinTies> evaluated for each NMI.
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NPLI

Mational Physical Laboratory

WP4 — Establishing primary thermometry capability from 300 K to 700 K

New primary thermometry capability (AGT) for the realisation and dissemination of thermodynamic temperature T in
range 300 - 700 K with target uncertainties u(k=1) 0.6 mK at 300 K; 7 mK at 700 K
New values of T - Ty, in range as required by CCT recommendation T1 2021

10P PUBLISHING METROLOGIA

Metrologia 50 (2013) 219-226 doi: 10.1088/0026-1394/50/3/219 () :

Microwave-cavity measurements for gas
thermometry up to the copper point

350 Kto 700 K

XiaoJuan Feng', Keith A Gillis>, Michael R Moldover® and
James B Mehl>?

= = National Institute of Metrology, Beijing 100013, People’s Republic of China
Figure 8 — Experimental gas-tight vessel comprised by a eylindrical copper body (400 mun diameter. 450 mmn ? National Institute of Standards and Technology, Gaithersburg, MD 20899, USA
length) welded to stamless steel head flanges. The vessel 1s rated for operation up to 1 MPa at 900 K. 336 Zunuqua Trail, PO Box 307, Orcas, WA 98.'280 USA

E-mail: fengxj@nim.ac.cn

323 Kto 505 K

ational Physical Laboratory]

I I R I National Institute of
Standards and Technology

f Industrial Technology 300 K to 573 K U.S. Department of Commerce

Research Institute

Figure 3. Small test cavity after exposure to 45 mol of argon for

15 h at temperatures ranging from 870 K to 1270 K. The argon
entered through the 2.2 mm ID tube at the lefi and exited through the
two 1.0mm diameter ports that led to the coaxial cables.




WP5 — Dissemination and impact (communication) E economie
Dissemination FPS Economy, DG Quality and Safety, Metrology Division (SMD)

* Reports and Recommendation submitted to CCT (particularly about equivalence of T and T4, and respective uncertainties)
« Scientific papers (at least 15) all Open Access

» Complete scientific Data in Open Repositories

* Presentation at International Conferences (at least 20); dedicated session at Tempmeko 2025

» Article in Trade Journals

« Training Activities including secondment and staff exchanges open to partners from outside the project

Communication

* Maintenance of project website and curation of newsletter to stakeholders (currently 45, more welcome)
» Organization of Royal Society Theo Murphy meeting: "The redefined kelvin — progress and prospects"” (February 2025)

« Summer School “Contemporary issues in primary thermometry” under the auspices of the Spanish Academy of Science
in Summer 2026

Exploitation

e Input to future revision of the MeP-K mise en pratique for the definition of the kelvin
« Dissemination of thermodynamic wire scales
« Extension of Certified Measurement Capabilities (CMCs) across a network of NMls



Concluding Remarks and Points for Discussion

We expect that the scientific activities in this project will
« make thermodynamic temperature standards more widely diffuse:

o0 realized and available at an increasing number of NMIs;

o used for wire-scale dissemination of T to NMIs without primary thermometry capabilities (or in the course of
developing them);

o become more practical (more robust, simple, easy to operate, designed for long stem SPRTs at least above the Ar
point
« favour a mixed framework for the dissemination of the kelvin where:

o both T & Ty, dissemination would be accepted, interchangebale, and their degree of equivalence and respective
uncertainty is firmly assessed

« |ead to new CMCs with calibration capabilities which can be tailored to customers' requirements

Critical points
» the project is very ambitious with a tight schedule to deliver all the targeted objectives;
e ablind comparison of thermodynamic temperatures has never been attempted; reported results will most certainly show some

Inconsistencies, like it previously happened for some reported determinations of k. These issues, when correctly identified,
will still be welcome as they may speed up improvements and simplifications of the methods

* most activities rely on the performance of the sensors used as transfer standards, which suffer their intrinsic limitations, e.g. in
terms of fragility, poor availability and, for specific models in specific ranges, complicated sensitivity functions.



	Diapositive numéro 1
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	Diapositive numéro 17
	Diapositive numéro 18
	Diapositive numéro 19
	Diapositive numéro 20

