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Protocol of hybrid comparison 

Hybrid comparison on calibration of SPRT/HTSPRT in the specific sub-range of the International temperature scale ITS-90 from 0.01 ℃ up to 660.323 ℃

between DMDM-RS and EIM-GR  
· version 3 -
1. Contacts details 
	DMDM, RS
	Directorate of Measures and Precious Metals
Mike Alasa 14, 11000 Belgrade, Serbia
TC-T contact: Slavica Simic (slavicasimic@dmdm.rs)

	EIM, GR
	Hellenic Institute of Metrology (EIM)
Industrial Area of Thessaloniki Block 45,57022 Sindos, Thessaloniki, Greece
TC-T contact: Evmorfia Kokkini (kokkini@eim.gr)



2. Artefacts
	First item (SPRT)
	Standard platinum resistance thermometer – SPRT
serial number 0290, manufacturer Hart Scientific
 25 Ω, metal sheath, Ø 5.6 mm, sensor length 40 mm, total length 480 mm

	Second item
(HT-SPRT)
	High temperature standard platinum resistance thermometer – HT-SPRT
serial number 2997, manufacturer Rosemount
0.2 Ω, quarts sheath, Ø 7.5 mm, sensor length 40 mm, total length 600 mm



3. Comparison schedule
	A-NMI 
DMDM, RS
	I-NMI 
EIM, GR
	TC-Chair & 
MIRS/FE-LMK, SL (THIRD PARTY)

	Action
	Planned 
	Realization 

	1. A-NMI (DMDM) send request comparison to the I-NMI (EIM)
	During TC-T 2025
	

	2. I-NMI (EIM) agree to calibrate 
	During TC-T 2025
	

	3. A-NMI (DMDM) submit application form for running a HC to the TC-Chair & MIRS/FE-LMK
	After TEMPEKO
	

	4. TC-Chair& MIRS/FE-LMK approve running the HC 
	15.6.2025
	

	5. Perform calibration (DMDM) - selection of items
	14.5-10.7.2025
	

	6. A-NMI (DMDM) send the calibration certificate to TC-Chair & MIRS/FE-LMK 
	August.2026
	

	7. A-NMI (DMDM) send the artefact to I-NMI (EIM)  
	September 2026
	

	8. I-NMI (EIM) Perform calibration
	October/November 2026
	

	9. I-NMI (EIM)  send the calibration certificate to the TC-Chair & MIRS/FE-LMK
	November 2026.
	

	10. I-NMI (EIM)  send back the artefact to the A-NMI
	November 2026
	

	11. I-NMI (EIM)  send the calibration certificate to the A-NMI
	December 2026
	

	12. A-NMI (DMDM) analyses data and draft the report 
	December 2026
	

	13. A-NMI (DMDM) submit the HC report
	December 2026
	

	14. TC-Chair check and confirm the HC report
	January 2026
	

	15. TC-Chair asks TC members for review
	January 2026
	

	16. Approve and upload the HC report to open access area
 of EURAMET TC web site
	Before TC-T 2027
	



4. Handling the artefacts
The packing of both items will be in separate transportation box. Before packing, items should be on room temperature and clean with pure alcohol. 
During the unpacking Inspect the items for any damage or other uninspected visual signs on items. 
Do not calibrate thermometers with any damage.
Before calibration, the items should be clean with pure alcohol and completely dry. 
Thermometers are carefully placed in the calibration media like annealing furnace or fixed point cells.
There are other instructions in manuals of manufactures for both thermometers.

5. Stability check
After receiving the items measure both thermometers at the triple point of water (TPW). After correction for hydrostatic head and self-heating and calculate the resistance for 0 mA current of both items. Report the values of both thermometers to the coordinator and wait the sign before starting with further activities.
In evaluation of stability of items, coordinator will compar the last values from certificate from DMDM and those from EIM and use next criteria:
a) If the change in the TPW resistance of the SPRT (HT-SPRT) after transport is equivalent to ±0,5 mK for SPRT (±1 mK for HT-SPRT) or less, EIM should proceed to the calibration procedure.
b) If the change in the calculated TPW resistance of the SPRT (HT-SPRT) after transport is larger than 0,5 mK for SPRT (±1 mK for HT-SPRT) proceed to annealing process.


Annealing of long stem thermometers should be in accordance with guide for realization of International temperature scale – ITS-90, 3.2.2 Thermal treatment.  Thermometer should be in annealing furnace at (480500) ⸰C before the temperature increased at the (660675) ⸰C over the period of about (4560) min. Annealing process can be maximum 4 hours at the temperature between  (660675) ⸰C. Afterwards, the temperature is reduced again to be about 480 ⸰C over the period of 4 hours, after which the thermometer can be directly remove from furnace to the room temperature environment.

Table of resistance value will be part of final report and calibration certificate.
6. Calibration
Calibration method is method of 4 wires resistance ration measurement in set of fixed points according to the ITS-90 in the range from 0.01 ⸰C up to the 660,332 ⸰C with measurement current of 1 mA, 2 mA, 1 mA for SPRT and 10 mA, 2 10 mA, 10 mA for HT-SPRT and adequate reference resistor at stable temperature. Calibration of the both items at all the fixed points in the range of comparison should be in order:
  TPW, FP-Al (first realization), TPW, FP-Al (second realization), TPW, FP-Al (third realization), TPW, 
TPW, FP-Zn (first realization), TPW, FP-Zn (second realization), TPW, FP-Zn (third realization), TPW, 
TPW, FP-Sn (first realization), TPW, FP-Sn (second realization), TPW, FP-Sn (third realization), TPW.

In order to make better agreement in results of the RT values given by the both NMIs, the result must approximately correspond to the same percentage of metal in liquid phase. This percentage is not easy to determine.  To be sure that we have long lasting plateau, the furnace temperature should be kept on 0.5 ⸰C below freezing point of each metal fixed points. The measurement can be started after detected of plateau with control thermometer, standard platinum resistance thermometer.
For each metal fixed point the W=R(FP)/R (TPW) is calculated based on measurement values where         R (TPW) is the TPW resistance measured immediately after the measurement of R(FP).
All the measurements at the fixed points should have been corrected for self-heating, hydrostatic head and, if any, the pressure effect in the case of closed cells. At least 3 different phase transitions from liquid to the freezing of Al, Zn and Sn should be performed. 
All result should be reported in excel Form 1. Comparison results – Acronym of institution/country given in the Appendix 1, at the end of protocol.
7. Environmental conditions 
Calibration is carried out at an ambient temperature of nominal 23 °C or other nominal value, which shall be reported in calibration certificate.
8. Uncertainty estimation
Uncertainty estimation should be done according to the GUM guides with the same components like ones in comparison EURAMET.T-K9.  
Calculation should have minimum phase transition realization repeatability component, bridge components (repeatability, non-linearity, AC quadrature), reference resistor stability, chemical Impurities component, hydrostatic-head component, uncertainty due to propagated TPW, SPRT self-heating uncertainty, heat flux uncertainty, insulation leakage, SPRT Pt oxidation, gas pressure component and other if it is relevant for the specific measurements at NMI.
9. Calibration report 
The reporting results of calibration will be in form of calibration certificate of NMI with minimum information about:
1. Information of initial value of TPW resistance and all other value of TPW resistance after each fixed point measurements, and final value of TPW resistance
2. Information of annealing processes, number of annealing and time and temperature
3. Mean value of 3 resistance ratio will be reported as measurement results
4. Uncertainty at fixed point 
5. Other information should be in line with requirements of ISO/IEC 17025.
10. Reporting in HC 
Final report of HC will have minimum information stated in this protocol and it will be in line with APMP guideline for using HC as CMC evidence.  Other necessary documents linked with those HC will be prepared in line with same document (excel final report – appendix 1)
Evaluation of HC results at will be based on En number and prepared by DMDM, RS representative, and approve by EIM, GR representative and MIRS/UL-E/LMK and send to the TC-Chair for further actions as it is written on first page of document. 

11. Document control
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	Version
	Preparation date

	Protocol
	Ver. 1
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	Ver. 2
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	Ver. 3
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Annex 1 – Calibration results (sheet 1- SPRT-0290 and sheet 2 – HT-SPRT/FE-LMK)
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