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- ISO 6145 — dynamic methods

Preparation of calibration gas mixtures using dynamic methods, which
relay in flow rates (gas A introduced at a known constant volume or

mass flow rate into a known constant flow rate of gas B).

Dynamic dilution of a high fraction reference

gas mixture with mass-flow controllers (MFCs)

Gas A
¥ <I— MFcC

©<— w™mFc

(Source: courtesy of VSL)
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- ISO 6145 — dynamic methods

Main dynamic methods
* Piston pumps Diffusion
« Continuous injection

«  Capillary

* Critical orifices

*  Thermal mass-flow controllers CEE & - }—
- Diffusion . — G?sAT
- Saturation
- Permeation
T T T
» Electrochemical generation

(Source: courtesy of VSL)
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- Advantages and disadvantages

STATIC METHODS VS. DYNAMIC METHODS

» Wide range of concentrations.

* Un-tunability

» Suboptimal for unstable compounds
 Size and cost of cylinders

» Safety issues

« High minimal concentration

* Portability

 Limited long term stability
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- Advantages and disadvantages

STATIC METHODS  VS. DYNAMIC METHODS
« Wide range of concentrations » Wide range of concentrations
« Un-tunability  Tunability
« Suboptimal for unstable compounds < Unstable compounds
» Size and cost of cylinders * Long life low cost
« Safety issues » Safety issues
* High minimal concentration * Lower minimal concentration
« Portability * Low portability

* Limited long term stability * Long term stable
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Permeation method




Permeation dynamic method: MSB

IIH

* TA Instruments (former Rubotherm)

* Glass/metal (SilcoNert 2000 coated SS)

Magnetic suspension balance (MSB):

glass (left), metal (right)

https://www.metclimvoc.eu/training.html  (March 2021)
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E- Permeation dynamic method: MSB

MSB elements

Reference

weights Electromagnet

Permanent
magnet

Permeator
holder

Electromagnet
hanger

Mixing chamber
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Permeation dynamic method: generation

Primary reference gas mixtures using a MSB (magnetic suspension balance)

Step 1: Calibration of the permeation unit

Permeator mass (g)

Controlled conditions (T, P, flow)

22 4674 +

W 0.00000

22 4668 +

224672

22 4670

22 4666 +

22 4664

ethanol_T_201_002_38C_a

T+ 0.00010

+ 0.00005

Residuals (g)

-0.00010

.
\\-- -0.00005
—carrecied weigth
——ragression line
—Difference
0 2000 4000 6000
Time (min)
MetClimvVOC
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?_ Permeation dynamic method: generation

Step 2: Dilution

magnetic
suspension
balance

electro
magnet

permans
Synthetic air reanet
l\}?trogen - . - PrC_[>vent

15t dilutian

Y

<
<
permeato

I PrC |> vent

T sensor 2" dilution

SI-traceable
reference gas
mixture

mixingy

‘ chamber 4

mixing
tee

A\ 4

Y

Vmgas

1st dilution: XRGM =(Jdm ° purity ) <M

) - fqi11 + Xres (> 30-50 nmol/mol)

Mcomp

Vm as
2" dilution: Xgpem = (qm - purity - (M g ) - fqi1 + Xres) - failz + Xyes (< 30 nmol/mol)

Mcomp
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- Permeation dynamic method: uncertainty

Main contributors to the uncertainty of the RGM amount fraction generated

Vm as
XRrGM purity . (M : ) faiin + Xres

Mcomp

Permeation rate (step 1)

- Balance sensitivity: < 1.5 % (u(S) =3 - 10 g)

Om = AA_T -
- Buoyancy variations: <1 % (u(b) <3 - 107 g)
IR“W” - Chamber temperature variations: negligible (u(T) < 0.00026 °C)
” - Chamber pressure variations: negligible (u(P) < 0.002 hPa)
@ G, &) - Noise of the system > 75 % (u(SC) < 0.004 %)

- PC time synchronized through a Network-Time- :
- Others: leaks, wall reactions...

Protocol (NTP) server with the Swiss official time

given by atomic clocks at METAS photonic, time

and frequency lab (negligible; u(t) < 1- 108 s)
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?- Permeation dynamic method: uncertainty

Main contributors to the uncertainty of the RGM amount fraction generated

) ' fdill + Xres

Step 2

- Impurities: variable

- Molar mass, molar volume: negligible (at 10-° nmol/mol level)
- Dilution flow: 4-10 % (u(q,) < 0.2 %)

- Residuals in dilution gas: variable

- Others: leaks, wall reactions...
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?_ Permeation dynamic method: uncertainty

U(Xrem) = k - Us(Xrcm) e (Xnow) _ (u(%))z R <m> .
Xrem Am v
Flows
Impurities (MFCs)
(permeator +
dilution gas)
MSB noise
(slope dispersion)
Permeator Dilution ~ Amount fraction ~ Uncertainty 26%‘
steps (nmol/mol) (k=2)
Perm1 2 31.3 1.9%
Perm2 1 345.9 1.6%

Perm1 Perm2
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Diffusion method




- Diffusion dynamic method

Mass Balance

Wpr

—_—

D Pv = 1-70 kPa @ generation T (26 °C)

v" Fick’s law of diffusion

v Perfect gas assumption

v Convective transport
v" Turbulence for enhanced

mixing

MetClimVOC M18 stakeholders workshop 14/10/2021
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Lecuna et al, 2018
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- Diffusion dynamic method

Mass Balance

Dy

Wpr

—> @

Wg

e S S

___________________

MetClimVOC

Sassi et al, 015 :

M18 stakeholders workshop

Dilution Air Split
Air 180° degrees

Dilution
Air

T 1
[mm] 1] 50 100

....

17



e

- Diffusion based - Primary device

Primary = Directly traceable to Sl (kg)

Gravimetric Method BIQ - ‘@

v Average Diffusion rate

Am + AmB) . Mass evaporated

DR,average = Wyoc (corrected for
At buoyancy) over a

] period of time
v"  Actual Pressure Correction

In (1 _ P‘«’_OC) . Corrected to account

Pactual for pressure variations

In (1 — Lvoc)

pmean

DR, actual — D R,average

Sassi et al, 2011
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Diffusion rate Uncertainty

Propagation of uncertainty GUM

JCGM 100:2008 (E) by BIPM

X [X] x2 u(x) u%(x) SI[%]
Am g 0.01 3.81E-04 3.8% 100.0%
At days 7 255 0.0% 0.0%
Pmean Pa 98000 58 0.1%  0.0%
Pactual Pa 101325 58 0.1%  0.0%
pvoc Pa 32154 643 3.0% 0.0%
OVOC g.g’ 1.0 0.0 0.1%  0.0%
dpactual Pa 0 50 0.0% 0.0%
dT actual K 0 0.02 0.0% 0.0%
Dg ngmin?  0.96 0.036 38% (k=1)

uU(xvoc) = U(Dg), u(Paitution))

MetClimVVOC

M18 stakeholders workshop

Contribution to u(x)
2
df

Significance Index (SI)
_ Cxl-
~ Max Cx;

SI;
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- Diffusion based - Working standard

Portable generation

Working standard = Traceability to Sl trough a primary standard

WORKING
STANDARD

" PRIMARY or
TRANSFER STANDARD

MetClimvVOC M18 stakeholders workshop

Transportable device in
INRIM (italy)

“Transportable device in
VSL (Netherlands), 2017
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- Diffusion based - Working standard

Portable generation
Working standard = Traceability to Sl trough a primary standard

Fe====n P2

Iy tuning?2
|
|
Flowrate I |
I v |
| stabilization | | |
A A I
| | |
\J I ',
N

VENT OUT

N P R R o G,

|
ZERO AR ! F1 I C MIXINGLINE MIX OUT i
INLET | /\ X | Transportable device in
| v 3 | INRIM (Ital -
S~ | !,
I Th:?rlmall |1 11
| conditioning 1 @]|
L e e I |
DILUTION AIR CONDITIONING :_ _________ ‘I
GENERATION VIALS .
: : Transportable device in
Demichelis et al, 2018 g

VSL (Netherlands), 2017
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?_ Working standard Calibration

Calibration curve of working standard, f

Xvocs Xvoc = (T, P, ®gitution,S)
b UNKNOWN
AMOUNT
FRACTION
(WS)
REFERENCE
GAS Iglcl-:‘)l(\;ll'URE SIGNAL Sign
(RGM) SIGNAL Sy

ANALYZER

MetClimVOC M18 stakeholders workshop 14/10/2021
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- Working standard calibration

Calibration curve of working standard, f

Regression
Xvoc = @B‘@" dilution,)

Influence parameters of diffusion rate

Xvoc!

Xvoci £ U(XvociA

nv

Signal reading during
calibration procedure

Regression: Ordinary, Weighted, Weighted total depending on system
Uncertainty of regression: Algebraic or numerical (Montecarlo) approaches

NMI reference software for regression:
CCC Software (INRIM) (Lecuna et al 2020)
XGENLINE/ XLGENLINE (NPL)
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- Amount fraction Uncertainty

Calibration curve of working standard, f

N

Regression

Signal reading during
= n Q; : | PE—
Xvoc = ‘dlluu calibration procedure

Influence parameters of diffusion rate

Xvoc!

Xvoci £ U(XvociH----

nv

S, i_l- u(sS;)

Uncertainty of the Calibration curve of working
standard, f

u XVOCWS (T» P, (pdilution) — U(u(RGM): u(S): u(ﬁregression))

MetClimVOC M18 stakeholders workshop 14/10/2021 24
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