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o® Ho0 JRP PROMETH20 - Objectives

= New primary standar
Ar and H2 down to 5
temperature) at pres:

= New/improved meas| | More information
fraction range betwe¢ Session 16 Thermometry, Hygrometry

(rel. uncert. 3 % to 8 ¢ V. EERNICOLA
= New data and correla

enhancement in N2, ;
range from -30 °C to - Website

= Demonstration at sele https://www.prometh20.eu/
real-time measureme

= Provision of a toolkit
robust measurement
UHP process gases, b
standards and measu
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" Designated institute for the French national

reference in humidity.

" Ensures Sl traceability for end users
* = 600 COFRAC's calibrations per year

" Primary realization: Humid Air Generator (HAG)

e 1T1P / closed loog

* Dew/frost point

* Relative humidity

M
Humidity at LNE-CETIAT (1/2)
=
Air Jl
Hygrometer
O <<=
Pump
f 1
1 I
I I
I I
_J
Testing chamber
Saturator Climatic chamber
U=2(Uy,) U, (%rh)

Bdry (°C) 5 10 20 30 40 50 60 70 80 90 95
-30 0,6 0,8 0,9 1,0 1,2 13 1,4
20 0,3 0,4 0,5 0,6 0,7 0,8 1,0 1,1 1,2 1,3
-10 0,3 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 11 1,2

0 0,3 0,3 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 1,0
10 0,3 0,3 0,3 0,4 0,5 0,5 0,6 0,6 0,7 0,8 0,8
20 0,3 0,3 0,3 0,3 0,4 0,5 0,5 0,6 0,7 0,7 0,8
30 0,3 0,3 0,3 0,3 0,4 0,4 0,5 0,6 0,6 0,7 0,7
40 0,3 0,3 0,3 0,3 0,4 0,4 0,5 0,5 0,6 0,6 0,7
50 0,3 0,3 0,3 0,3 0,4 0,4 0,4 0,5 0,5 0,6 0,6
60 03 0,3 0,3 03 0,3 0,4 0,4 0,5 0,5 0,6 0,6
70 03 0,3 0,3 03 0,3 0,4 0,4 0,5 0,5 05 0,6
30 03 0,3 0,3 03 0,3 0,4 0,4 0,4 0,5 05 05
90 0,3 0,3 03 0,3 0,3 04 0,4 04 0,5 05 05
100 03 0,3 0,3 0.4 0,4 0,5 0,6 0,7

110 0,3 0,3 0,3 0.4 0,4 0,5

120 03 0,3 0,3 0.4

130 03 0,3 0,3

140 03 0,3 0,3
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= Secondary realization
* Mixing ratio based on dilution principle

Evaporation

Evaporator
Water | [—=}— \]/ | &—| Dry air
MFC1
Dilution
MFC2 TMIFC3
Humid air f to 0
. rom ry; (0]
r _ Myater _ Myater dilu 2 —_ /
eYaP  mmpc1  ™mrca . =7 Mary gas e = €
v = Tdilution " 7~ — _ f(p.0ays)

MMFC 2 Tevap
MpMEC2+MMFC 3 e =x,p 84/¢ D. Sonntag (EIT-90)
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=" Schematic overview

1) Clean Dry Air (CDA) inlet,

2) pure water reservair,

3) compact Coriolis mass flow
controllers for liquids,

4) mass flow controllers for gases,
5) evaporator,

6) pressure controller, 69 2

7) mass flow controllers for gases,

8) mass flow controllers for gases, o
9) testing chamber or device under e
test,

10) pressure controller,

11) outlet

. €iM32023

9 11
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» Schematic overview 3 4

1) Clean Dry Air (CDA) inlet,

2) pure water reservoir, %
3) compact Coriolis mass flow
controllers for liquids,

4) mass flow controllers for gases,
5) evaporator,

6) pressure controller, o

7) mass flow controllers for gases, 8

8) mass flow controllers for gases, F 10 &b
9) testing chamber or device under

test,

10) pressure controller,

11) outlet 9 5111
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» Schematic overview

1) Clean Dry Air (CDA) inlet,

2) pure water reservoir, ”E%
3) compact Coriolis mass flow
controllers for liquids, i
4) mass flow controllers for gases, il
5) evaporator,
6) pressure controller, | 2
7) mass flow controllers for gases,
8) mass flow controllers for gases, 1[r O
9) testing chamber or device under Xivwoe

WO 3 WMO4 ‘ ‘

L%
)

=
—

test,
10) pressure controller,
11) outlet

.
}T{-i
l
i
T

e e v e e e e _____ﬁ _________________________
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» Schematic overview

1) Clean Dry Air (CDA) inlet,

2) pure water reservair,

3) compact Coriolis mass flow
controllers for liquids,

4) mass flow controllers for gases,
5) evaporator,

6) pressure controller,

7) mass flow controllers for gases,
8) mass flow controllers for gases,
9) testing chamber or device under
test,

10) pressure controller,

11) outlet

HAG / dilution (1/6)
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» Schematic overview

1) Clean Dry Air (CDA) inlet,

2) pure water reservoir, ”E%
3) compact Coriolis mass flow
controllers for liquids, 7
4) mass flow controllers for gases, ot
5) evaporator,

LG

6) pressure controller, C; 2
7) mass flow controllers for gases,

———— e

1

-
Fil €01

8) mass flow controllers for gases,
9) testing chamber or device under
test,

10) pressure controller,

11) outlet
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» Schematic overview

N e
1) Clean Dry Air (CDA) inlet, i Eyg%ratlon
2) pure water reservoir, ”% q': T
3) compact Coriolis mass flow ! ‘ EJ s
” f |- -d : WO 3 WML ] Fog
controllers for liquids, i k| =k L =
4) mass flow controllers for gases, e :
| 5 -
5) evaporator, A i Ch 5@
6) pressure controller, | 2 i
7) mass flow controllers for gases, i -~
8) mass flow controllers for gases, O | ot . Dilution F 10 €
9) testing chamber or device under Xivwoe i
teStl i I & WM 7 nl ] 8
10) pressure controller, B—— i
11) outlet i _ o 5111
| e z
P N

21st INTERNATIONAL METROLOGY CONGRESS

= CIM 2023

MARCH 7 - 10



® PRO 6: ~ -— —
o® -0 HAG / dilution (2/6) = celiaC

= Ranges

Component's
number

)

Component's name Component's function

LB s TS 1oy Injection of liquid water 1g/hto5g/h

controller
4) Mass flow controller Control of carrier gas flow 4,8 nl/h to 240 nl/h
6) Pressure controller Control of pres§ure before 200 mbara to 10 bara
sampling
4,8 nml/h to
7) Mass flow controller Control of flow sample 240 nmi/h
) Mass flow controller Control of dilution gas flow 0,8 nl/h to 40 nl/h
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= Evaporation step
Myqater mwater u(re”ap)
T = =
T myper Murpc ~ ( 1 )2 o )+<_ e )2 o )
o Mypct U= Myqater (Tarres)? u“(Mpyrct

My ater 5g/h 0,5.103 kg/h 4.10° kg/h
Quirct 240 nl/h 0,31 kg/h 1,2.10° kg/h
r 1,6.103 kg v./kg d.a. 1,61.103 kg v./kg d.a.

evap

21st INTERNATIONAL METROLOGY CONGRESS

CIM 2023
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= Dilution step

Myrc2 * Tevap

Tdilution = = : uz(r Tution)
Muyrcz + Muyrcs dilution 2 , 2
Mpyrc3 * Teva ) Mpyrc2 ° Teva
= ( , s 2] u® (Mypez) + e — >
(Mypca2 + Myrcs Myrc2 + Myrcs)

2

- u? (Tevap)

. . . 2
Myrc2 * Myrc3 + MyFc2 )
. . 2

(Mypc2 + Myrpcs)

- u?(Mpypes) + <

Qurco 8,3 nml/h 1,07.10> kg/h 1,1.10° kg/h
Qurca 40 nl/h 5,17.102 kg/h 2,9.10" kg/h
r 1,6.103 kg v./kg d.a. 1,61.103 kg v./kg d.a.

evap

21st INTERNATIONAL METROLOGY CONGRESS
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" From 71, to 04 ¢

Taitu ¥ Xy > e > e > O4/¢
X. =T Mdry gas o e’
v — "dilu * —
Myater f(P, 0, /f) |
e’ =xy-p 64,5 - Wexler
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= Expanded uncertainty

HAG / dilution (6/6)

%z, celial

mwater

QM FC1
QM FC2

QM FC3

MARCH 7 -10

5g/h 0,5.103 kg/h
240 nl/h 0,31 kg/h
8,3 nml/h 1,07.10> kg/h
40 nl/h 5,17.102 kg/h
101325 Pa

1,6.103 kg v./kg d.a.

3,33.107 kg v./kg d.a.

-80 °C

4.10° kg/h
1,2.10° kg/h
1,1.10° kg/h
2,9.10% kg/h
300 Pa
1,61.103 kg v./kg d.a.
3,33.107 kg v./kg d.a.

0,35°C
--am==GY CONGRESS

«  CIM 2023
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" Intra-laboratory comparison: 1T1P HAG vs HAG/dilution

* Travelling standards:
« MBW DP30

0,80 r 7 0,35
0,60 | 4 0,30
0,40 |

41 0,25

o
N
o

4 0,20

S ©1T1IPHAG

m
|
! ;% % % % 0,15 O dilution HAG
-0,20 | ] B X En
]
0 o o

0d read - 0d ref
o
o
o

{1 0,10
-0,40 |

060 | { 0,05
_0,80 1 % 1 va 1 1 1 1 0'00

2Ist INTERNATIONAL METROLOGY CONGRESS
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0d ref
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" Intra-laboratory comparison: 1T1P HAG vs HAG/dilution
* Travelling standards:

H-oO

e MICHELL Instruments S8000 RS
e MICHELL Instruments S8000 -100

Results (2/3)

%, celial

- Od ref

6d read

080 r

0,60

040 ¢

020 r

0,00

-0,20 F

-0,40

-0,60

E

.

-50 -80 -70 -6

-50

Bd re
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-20

-10

7 070
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4 050

H 040
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4 020

1 0,10
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»* En
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" Dynamique calibration

* Based on the idea proposed by VTT-MIKES (JRP 14IND11 HIT)
e Static calibration vs Dynamic calibration

25 30
25 i
i
‘1.“"‘"’
. 0 .
Dynamic | S Ny Dynamic
correction ~ .» ‘VM correction'
315 f"w
><> ﬁ\fv
. | .‘u.*ﬂl'u .
. 5 it
Static . P10 ‘! Mﬂ Static
correction ! '
Nl correction
) ‘l@s\r‘-’
5
il M,w clwdl'f'hl"' '
m e
;“‘M i Y ﬂmrw"w”ﬂ,l »(ﬁ’lhf“w"im‘wh ‘-“” u‘1
e
-5 0 ‘
0 50 100 150 200 0 50 100
X, ref / PPMV Xy ret / PPMV
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Ho0 Conclusion and next steps

\‘W!

= Validation has been done
* Upto-80 °C
e At atmospheric pressure

" |nvestigation of dynamic calibration

* Promissing perspectives have been
observed

= Validate the evaporation HAG
* Below -80 °C
* Pressure up to 10 bar abs.

" [ncrease the calibration capabilities
with HAG/dilution
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