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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

The revision of ISO 6142 was initiated to provide better guidance to the users of this document especially
with respect to quality assurance measures and laboratory accreditation. In preparing the revision, it was
decided to accommodate two types of calibration gas mixtures with different levels of quality assurance and
with different levels of measurement uncertainty. The difference in the two classes can be summarized as

follows.

Class I type calibration gas mixtures are prepared according to ISO 6142-1. The mixtures are individually
verified. Provided rigorous and comprehensive quality assurance and quality control procedures are
adopted during the preparation and verification of these mixtures, measurement uncertainties can be
achieved that are substantially smaller than by any other preparation method.

Class Il ca
generic me

Individual
gas mixtu
calibratior

Class Il ty
preparatid

For mixtul
I type cal
uncertaint

asurement uncertainty.

ly prepared Class Il calibration gas mixtures are produced in a similar manner to'Class |
'es, but these mixtures are not individually verified. Verification of individudlly prepar
gas mixtures is based on periodic verification checks.

pe calibration gas mixtures, which are produced in batches, extend-the principles of g
n described in ISO 6142-1.

'es containing identical components and nominally identical'@mount-of-substance fract]
bration gas mixtures will usually have amount-of-substance fractions with larger me
ies than their Class [ counterparts.

This docuinent was developed to be in agreement with ISO 6142-1.

ibration gas mixtures may be prepared individually or in batches and certified with aIIl associate

talibration
ed Class 11

ravimetric

ions, Class
hsurement
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Gas analysis — Preparation of calibration gas mixtures —

Part 2:
Gravimetric method for Class Il mixtures

1 Scop

This document describes the static gravimetric preparation of Class II calibration ga§ mix

tures and

describes [a method for calculating the measurement uncertainty associated with the amount fraction

of each component. In addition to all of the contributions to the measurement uncertainty me
ISO 6142-1, this document also considers the uncertainty resulting from the validatien process
mixtures that are not individually verified, as is the case for Class I mixtures.

This document extends the uncertainty evaluation described in ISO 6142-1Ct¢-include the effec
production and the verification process. It provides guidance on how to detive an uncertainty buc
representative of a particular category of mixtures.

Methods f¢r the batch production of more than one mixture in a singlé\process are included in this

This document is only applicable to mixtures of gaseous or tetally vaporized components, wh
introduced into the cylinder in the gaseous or liquid state. Both binary and multi-component ga
are covered by this document.

ent is limited to non-reactive molecules/components that are greater than or equal to

requirements of this document{ For dated references, only the edition cited applies. For undated 1
the latest ¢dition of the refereniced document (including any amendments) applies.

ISO 6142-1:2015, Gas gnalysis — Preparation of calibration gas mixtures — Part 1: Gravimetric
Class I mixfures

ISO 6141, (ras analysis — Contents of certificates for calibration gas mixtures

[SO 7504, ras.analysis — Vocabulary

ntioned in
for Class 11

s of batch
Iget that is

document.

ich can be
5 mixtures

hn amount
h common
linder and

onstitutes
eferences,

method for

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7504 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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3.1

generic uncertainty

uncertainty assigned to the amount fraction of a component of a category of mixtures (3.2), representative
for all mixtures belonging to such a category

Note 1 to entry: This uncertainty is calculated from the validation process and not calculated individually for each
cylinder. The generic uncertainty is usually expressed as a relative expanded uncertainty.

3.2

category of mixtures

group of mixtures that have the same filling method and analytical verification method and whose properties
are sufficiently similar that the uncertainty of the composition of these mixtures can be described by a single
generic uncertainty (3.1) statement

4 Symbols

n number of replicates in the validation

u(...) standard uncertainty (of the quantity in parentheses)

U(..) expanded uncertainty (of the quantity in parentheses)

u(v,) | Standard uncertainty for the validation process for component k
Vi amount fraction of component k

amount fraction of the component k measured by‘analysis in course of validation

Ykver | ofthe mixture

Yiprep | @mount fraction of the component k calculated in the preparation of the mixture

difference between the amount fractipn from preparation and verification for the

vk componentk v, = (yk,prep —J’k,ver)
Sop between-unit_ component of variance from a homogeneity study, expressed as
standard deviation.
MS,mond Mean Square between-groups (from ANOVA)
MSithill Mean Square withinthe groups (from ANOVA)
gy number of inditzidual analyses performed on a component in a mixture
z total number of mixtures in the batch
a number of mixtures analysed from the total batch
Yavg average amount of substance fraction value for component in the batch
A Analytical results expressed as instrumental response

U, () relative expanded uncertainty (of the quantity in parentheses)

5 Principle

Class II calibration gas mixtures are prepared using the principles of preparation detailed in ISO 6142-1,
and mixtures can be prepared individually or by batch production using a validated gravimetric process;
however, the individual verification of the final mixture against independent reference gas mixtures is not
required.

© IS0 2024 - All rights reserved
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The process for the gravimetric method of preparing Class Il calibration gas mixtures with individual
preparation is given as a flowchart in ISO 6142-1:2015, Figure 1. Class Il mixtures are typically mixtures
that are prepared on a frequent basis and by a defined preparation procedure.

In the validation process for this method of preparation, the uncertainty of the calibration gas mixtures is
evaluated as described in ISO 6142-1:2015, Clause 11. Statistical process control of the validation process
is required. For a number of frequently produced mixtures, the average of the calculated uncertainties is
then used to derive a generic uncertainty for a defined range of amount fractions and compositions. Further
details are given in Clause 6 and Clause 9.

The filling of calibration gas mixtures in a batch is described in the Clause 7 with a description of the filling
process and the uncertainty calculation.

The conti
procedure

6 Indiv

hued validity of this generic uncertainty shall be periodically re-confirmed foll
s described in Clause 8.

idual cylinder production

6.1 Genleral

The proce

bs for the individual preparation of Class Il calibration gas mixtureis shown in Figure 1

Define a range of
amount fractions

Prepare a sét of
mixtures fellowing
[SO6142-1

Calculate the generic
uncertainty

Determine the
frequency of periodic
verification

Perform periodic

bwing the

verification

no yes

Figure 1 — Scheme for the gravimetric method of preparing Class Il calibration gas mixtures,

individual preparation

© IS0 2024 - All rights reserved
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6.2 Estimation of generic uncertainty of the calibration gas mixtures

For each defined range of components and amount of substance, a set of preferably n = 10, but at least 6
gravimetric mixtures shall be prepared and verified in accordance with ISO 6142-1 under specified

conditions

The results of the individual verification shall be reviewed against the following criteria:

all mixtures shall pass the verification criterion described in ISO 6142-1:2015, 10.2;

intended expanded generic uncertainty;

the standard deviation of the mean of the expanded uncertainties shall be lower than a half of the

— in thergeneric-uncertaintyahadditional-uncertainty-componentfromthevakldatien—proeess, u(vy) is
added} see Formula (1):
D 1 n —\2
u(vp ) =——) . (v i =V ) 1
(vi 1 24i-1\Vki ~Vk (1)
Where v, [denotes the difference between the amount fraction of the component k calculpted from

preparatia

An alterndte approach is the use of a model from meta-analysis, such as the DerSimonian-Laird m

The comb
calculated

u, (Vi

The gener
rounded u

Examples

Informatid

7 Batch production

7.1 Genleral

Batch filli

n and verification and n is the number of mixtures involved in the vatidation process.

ned standard uncertainty of the amount fraction of compénent k in the final mixtu
using Formula (9) in ISO 6142-1 amended as follows:

1 2
2 \/uz (yk. prep )+u2 (yk,ver )+(|yk,prep _yk,ver|) +u(Vk )2

)

ic uncertainty shall be calculated from the-imean of the expanded uncertainties an
p to a value with typically 2 significant figures.

bf the estimation of a generic uncertajnty are given in Annex A.

n on when the estimation of thesgeneric uncertainty should be repeated is given in Clat

odel.
e shall be

(2)

d shall be

0

I1Se

ng offers productivity advantages over individual gravimetric step-by-step filling. The one-way
ANOVA is ysed to determitie the between bottle variation (s, ;) of the batch filling process for the
of interest k. This is-then used to calculate the batch uncertainty by adding the s, value to the g
uncertainfly of the cylinder on the balance. Further guidance on performing a one-way ANOVA is
in ISO Guidle 356k

omponent
ravimetric
described

7.2 Batchfilling process

The gravimetric production of gas mixtures with nominally identical composition can be achieved by
preparing a batch of identical cylinders and connecting the cylinders to a filling manifold and placing one
cylinder on a high resolution, high-capacity balance. The addition of the component gases shall be controlled
by the measurement and recording of the masses of gases added to the cylinder located on the balance.

The cylinder shall be weighed after each addition of gas to determine the mass of each component gas added
into the controlling cylinder located on the balance. Specifically:

— conne

ct all cylinders to be filled to the manifold and place one cylinder on the balance;

© IS0 2024 - All rights reserved
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evacuate all of the cylinders connected to the manifold and record the tare mass of the cylinder on the
balance;

fill the cylinder sequentially with the gaseous components to the target masses specified in the filling
instruction for the mixture;

continue until the mixture filling process is completed;

homogenize the mixtures, for example by rolling the cylinders.

Random effects, slight variations in cylinder pre-treatment (e.g. vacuum) and the design of the manifold can
result in deviations in the individual amount fractions of gas mixtures prepared in batch processes. These
effects shall be expressed as an additional uncertainty component (batch uncertainty) in the gravimetric

preparatigmprocess:

The batch|homogeneity can be improved by using a symmetrical manifold and similar length angl diameter

of filling lipes to each cylinder (see Figure 2).

To determline the homogeneity and the uncertainty contribution due to batch inhomogeneity the¢ following

actions shall be completed:

B wWw N R

complete the filling process as described in this subclause;

analyde all cylinders individually. The number of replicate analyses-have an influence on the generic
uncertainty;

perforlm the one-way ANOVA as described in Annex B, this wilkresult in the batch uncertainty.

1

@ >4 -~ 4

W,
~7

v,

vacuum pump
manifold
balance

supply gases: pure gases and pre-mixes cabinet

Figure 2 — Schematic diagram of filling system

© IS0 2024 - All rights reserved
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7.3 Calculation of the measurement uncertainty

The batch inhomogeneity is equal to the between-bottle standard deviation s;. The between-bottle
homogeneity study is based on a 100 % batch analysis. The number of replicate analyses depends on the
desired measurement uncertainty.

Formula (3) is given for batch filling uncertainty for the component k,

u. (Vi

1 2
):E\/uz (yk, prep )+u2 (yk,ver )+(yk,prep _yk,ver) +52bb,k

The values yj .., and yj e, are calculated from the cylinder on the balance.

3

8 Requ

Class II m|
prepared
detailed in

The indivi
however t

The estim

production system that was used in the estimation of the generic uncertainty.

The verifi
continued

The verific

as changeg:

in the

in the
weigh

in ana

If there is
customer,
confirm th
estimatior]

[lytical capabilities, instrument selection and analytical method.

irements for repeated verifications and document control

ixtures shall use the principles of preparation detailed in ISO 6142-1 whene.€ach
ndividually (Clause 6) or follow the batch production using a validated gravimetric
Clause 7 of this document.

Hual verification of the final mixture against independent reference@as mixtures is no
e analytical capabilities used to determine the generic uncertaintyshould be maintain

ation of the generic uncertainty of the calibration gas mi%ture remains valid in

cation shall be completed at least every 12 months for, each category of mixture to ¢
validity of the generic uncertainty assigned to the niixture.

ation shall be repeated when a significant change.might affect the measurement uncert

raw materials;

filling process. These changes inclide the set-up of the preparation facility, the ug
ng equipment and the use of othex.cylinder types and/or valves;

the manufacturer oftheClass II calibration gas mixture shall perform an individual §
e generic uncertaifty‘using the same analytical equipment and set up that was used
of the generic uficertainty.

Verificati

The data
and rang

uncertainfy €stimation has been superseded by new estimates. This enables the reproduction

data in thdexent of prndnrfinh gueries or customer r‘nmp]ainfc

procedures/may also be used, when applicable, to address corrective actions.

underpin the estimated uncertainty and the decisions taken in the classification of
of tcomponents shall be documented and available for at least three years after t

mixture is
process as

[ required,
ed.
a defined

bnsure the

ainty such

e of other

any doubt about the stated generic uncertainty, for example in the case of a compldint from a

inalysis to
during the

he groups
he generic
pf original

In case the verification indicates that the generic uncertainty for a specific range of amount of substance
fractions and compositions cannot be confirmed, the procedure described in 6.2 and 7.3 shall be repeated
and an adjusted generic uncertainty shall be determined.

9 Defining ranges of components and amount fractions by category of mixtures

The concept of category of mixtures is used to organize and simplify the validation processes, stability
studies and frequency of the periodic verification. This is defined as a category of mixtures with the same
characteristics in relation to the experimental design and filling processes. This allows the determination of
the sources of measurement uncertainty and the validation of the filling processes by analytical verification.

© IS0 2024 - All rights reserved
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The estimation of ranges of amount fractions (categories) depends on the specific chemical characteristics,
physical properties and the production setup used, this is in order to end up with the same generic
uncertainties. This is not applicable to all components and chemical expertise is required to define the limits

of amount

fraction ranges (category) with identical generic uncertainties.

When defining a range of composition for a category of mixtures, the uncertainty calculated for a component
shall be valid in relative value for amount fractions above the composition considered and in an absolute

value for a

mount fractions below this value.

For example, considering 1 mmol/mol: if the relative uncertainty at 1 mmol/mol is 2 % this is also valid
for concentrations above 1 mmol/mol and the absolute value (0,002 mmol/mol) is applicable to all amount
fractions below 1 mmol/mol. If the resulting uncertainties are not satisfactory, a producer of calibration gas
mixtures should prepare extra mixtures to define additional ranges.

The estim
multi-com|
monoxide,

for 4 component gas mixtures as well as for mixtures of single components in nitrogen. Such ar

will result
uncertaint
separately]

An examp

10 Prep

The amo
calculati

The certifi

The expar
Formula (4

U(yk)

Use k=2

The certif
gas mixtul

carbon dioxide and propane in a nitrogen matrix, can be used to estimate generic un
in identical generic uncertainties for the 4-component mixture and the binary mixtur

ies are required for binary mixtures containing these components, they shall be recalc
estimated.

e is given in informative Annex C.

aration of certificate

cate shall report the generic expanded uncertainty and the coverage factor.

):
=kxu, (Vk)

nless specific reasons negessitate an alternative.

cate shall be prepared according to ISO 6141 and shall indicate that this is a Class Il
‘e in accordance with150 6142-2 and whether it is individually prepared, or batch prep

The manulfacturer of the calibration gas mixture shall specify the shelf-life and conditions tq

the stabili
accordanc

Ly as specified-on the certificate. The stability of calibration gas mixtures shall be ey
e with 1S0.6142-1:2015, 9.2.

htion of the generic uncertainties will typically be performed for binary gas mixtares
ponent mixtures, such as the typical automotive calibration gas mixtures containi

Tt fraction of component k in the final mixture on-the certificate shall be the res
ol as described in ISO 6142-1:2015, Formula 3.

ded (generic) uncertainty is calculated.from the combined standard uncertainty, as

. However,
lng carbon
Certainties

approach
s, If lower
ulated and

ult of the

shown in

4)

ralibration
hred.

maintain
aluated in
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Annex A
(informative)

Practical example of the calculation of the generic uncertainty -
Individual filling

The generic uncertainty for a category of mixture should be determined in the following way, the gravimetric
uncertainty is calculated for each component and amount fraction range and the other sources of uncertainty

such as st
worst-case

EXAMPLE
A 1 mmol

A mixture
approximg
conditions

10 cylindg
Formula (]

uk,pre}:

In this ex3
u(yk,stab) is

To achieve
nitrogen i

7).

set to zero.

The 10 cy

- \/uz (yk,grav ) +u? (-yk,stab )

Carbon dioxide (CO,) in Nitrogen

Yk pre _yk,ver|S2\/u2 (yk,prep )+u2 (yk,ver)

Table A.1 shows the gravimetric and verification amount fractions with their standard uncertaint
result for the calculation of the verification criterion.

bility, verification and validation are determined for the category of mixture by consi
scenario for each source using the guidelines below.

mol mixture is selected for the determination of the generic uncertainty.

of 1 mmol/mol carbon dioxide in nitrogen is filled into a cylinder,of 10 litre water ¢
tely 150 bar. Other cylinders of the same amount fraction are individually filled unde
and are verified by analysis.

rs are filled, and their preparation uncertainty is calculated according to ISO 61

mple, as the components of the mixture are €0, and nitrogen, which are uncondition

the intended measurement uncertainty, a gravimetrically prepared gas premix of 2(
used, with a mass of 95,9 g.

inders are verified by analysis with traceable calibration standards using the bracket
described jn ISO 12963!2]. In this example the calibration standards have a relative expanded unc
0,4 % for fhe CO, amount fraction ahd‘the analytical relative expanded uncertainty is 0,6 %. Th¢
gas mixture passes the verification if it meets the criterion given in ISO 6142-1:2015, Formula (8).

dering the

apacity at
r the same

42-1:2015,

(A1)

hlly stable,

% CO, in

ng system
ertainty of
p prepared

(A.2)

es and the

Table A.l =~ Gravimetric and verification amount fractions with their standard uncertairties and
the verification

. y u(y ) y u(y ) |yk,prep - yk,ver |

cyllnder k,ﬁrav k,lgrav k,ver kver. <2
mmol/mol mmol/mol mmol/mol mmol/mol [ 2 2
u (yk,prep)+” (yk,ver)

1 1,000 8 0,0050 1,004 9 0,006 0 0,52

2 0,998 9 0,0050 1,0059 0,006 0 0,90

3 0,998 9 0,005 0 1,006 9 0,006 0 1,02

4 1,000 6 0,005 0 1,008 5 0,006 0 1,01

5 1,000 6 0,0050 0,998 3 0,006 0 0,29

6 0,998 8 0,0050 0,999 6 0,006 0 0,10

© IS0 2024 - All rights reserved
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Table A.1 (continued)
cylinder | Yigran | W0kgrad Visor | U0kyer) g ~irer|
mmol/mo mmol/mo mmol/mo mmol/mo 2 (yk,prep) + 2 ( yk,m)
7 0,998 9 0,0050 1,006 7 0,006 0 1,00
8 1,000 7 0,0050 1,002 0,006 0 0,17
9 1,000 7 0,0050 1,006 7 0,006 0 0,77
10 1,000 7 0,0050 1,0058 0,0060 0,65
Yigrav is the gravimetric amount fraction
U(Yk grav) _Is the standard gravimetric amount fraction uncertainty
Yikver is the amount fraction obtained in the verification
U (Yiyer) | 1sthe standard verification uncertainty

As all the 10 calibration mixtures pass the test, the uncertainty from the validation process’'can bg evaluated
according o ISO 6142-1:2015, Formula (1).

Table A.2

shows the gravimetric and verification amount fractions, their différences and thg
uncertainfly of the validation process calculated according to Formula (A.2).

standard

Table A.2 — Gravimetric and verification amount fractions, theirdifferences and the standard

uncertainty of the validation proecéss

cytinder | o1 | minsimol | e e st O
1 1,000 8 1,004 9 -0,0041
2 0,998 9 1,005 9 -0,007 0
3 0,998 9 1,006 9 -0,008 0
4 1,000 6 1,008 5 -0,007 9
5 1,000 6 0,998 3 0,002 3
0,004 6 0,003 6
6 0,998 8 0,999'6 -0,000 8
7 0,998 9 1,006 7 -0,007 8
8 1,000 7 1,002 -0,001 3
9 1,000 7 1,006 7 -0,006 0
10 1,000 7 1,005 8 -0,0051

The uncertainties for each cylinder and the generic uncertainty are shown in Table A.3.

The generjc uncertainty is calculated by rounding up the maximum uncertainty found in the 10 cylinders.

TTble A.3 — Uncertainties involved in the Class II preparation, individual productiTn

L |
U(Ykprep) Uy yer) |.Vk,prep _.Vk,ver| u() u:(yi) 0]
mmol/mol mmol/mol mmol/mol mmol/mol mmol/mol mmol/mol
0,005 0 0,006 0 0,004 6 0,003 6 0,004 9 0,009 8

The relative expanded uncertainty is determined by rounding up to a higher value than the values achieved
in the validation. In this example the relative expanded generic uncertainty is 1,0 %.

A similar table should be produced for different amount fractions to enable the calculation of the generic
uncertainty for a range of CO, in nitrogen mixtures.

© IS0 2024 - All rights reserved
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Annex B
(informative)

A practical example of the calculation of the generic uncertainty -

Batch filling

The example below shows how the generic batch uncertainty, s,,, for carbon monoxide (CO) is determined in
a multicomponent mixture and how this value can be influenced by the number of analyses performed.

EXAMPLE

A batch of

3,5 cmol/m|
safely discqg
Two apprd

— eachn
enterd

— eachn

aches are used:

d in a table with 10 rows and 2 columns (Table B.1).

are enftered in a table with 10 rows and 5 columns (Table B.2).

Table B.1 — Results of the analysis for carbon monoxide in cmol/mol

Cyl no. Amount fractien'y g, AVG
Y1 Y2 y(CO)

5602397 3,500 3,500 3,500
5602438 3,499 3,504 3,501
5602375 3;512 3,508 3,510
5602493 3,498 3,506 3,502
5602491 3,501 3,510 3,505
5602486 3,504 3,504 3,504
5602417 3,510 3,517 3,513
5602478 3,507 3,504 3,506
5600718 3,510 3,504 3,507
5601587 3,514 3,517 3,516
Y(avg,avg) = 3,506

Table B.2 — Results of the analysis for carbon monoxide in cmol/mol

|0 cylinders is filled with a multicomponent mixture with the nominal amount of substance firactions of:
ol CO, 14 cmol/mol CO, and 2 000 pmol/mol C3Hg in a N, balance. After the filling process, the cylinders are
nnected and homogenized. This is followed by the individual analysis of all of the.mixtures.

hinor component of the mixture in each cylinder is analysed twiee;and the analytical Jesults are

hinor component of the mixture in each cylinder is analysed,five times, and the analytical results

Cyl no. Amount fraction y g AVG

Y1 Y2 Y3 Ya Js y(CO)
5602397 3,500 3,500 3,501 3,502 3,501 3,501
5602438 3,499 3,504 3,505 3,504 3,506 3,504
5602375 3,512 3,508 3,510 3,510 3,514 3,511
5602493 3,498 3,506 3,511 3,513 3,512 3,508
5602491 3,501 3,510 3,513 3,511 3,510 3,509
5602486 3,504 3,504 3,506 3,503 3,506 3,505
5602417 3,510 3,517 3,507 3,511 3,511 3,511
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Table B.2 (continued)

Cyl no. Amount fraction y g AVG

Y1 Y2 Y3 Ya Vs y(CO)

5602478 3,507 3,504 3,508 3,510 3,509 3,508
5600718 3,510 3,504 3,503 3,510 3,508 3,507
5601587 3,514 3,517 3,511 3,515 3,516 3,515
.Y(avg,avg) = 3,508

In both cases the one-way ANOVA analysis is performed using spreadsheet-based software. The between-
bottle standard deviation s, is the square root of the between-group variance derived from the ANOVA

ana]ysis) hichis calculated ncing Formula (B 1):
MS —MS.,iini
2 _ among within
Spp” = (B.1)
o

where:

MS; i dng is the mean aquare between groups (from ANOVA),

MS,ikin is the mean square within the groups (from ANOVA),

ny is the number of replicates for each cylinder,

u? (spy S bb-
In the casg where two analyses are performed, the results ofthe ANOVA are given in Table B.3.

Table B.3 — Results of ANOVA
Analysis of variance
DOF num Variation between samples Variance between samples F[test)=
Sum of squares Mean squares
9 4,764 x 10+* 5,294 x 105 3,66
DOF denum Analyticalvariation Analytical variance
Sum(ofiSquares Mean squares
10 1,445 x 104 1,445 x 105

CO avg valtie of batch = Y(avg,avg) = 3,506 cmol/mol
Between-Bottle Homogeneity = Spb(rel) = 0,125 %
Key
DOF num = {legreesof freedom between groups
DOF denum|="degrees of freedom within groups

In the case where five analyses are performed, the results of the ANOVA are as follows (Table B.4).
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Table B.4 — Results of ANOVA

Analysis of variance
DOF num Variation between samples Variance between samples F(test)=
Sum of squares Mean squares
9 7,289 x 104 8,099 x 105 7,38
DOF denum Analytical variation Analytical variance
Sum of squares Mean squares
40 4,392 x 104 1,098 x 10>
CO avg value of batch =Y(avgavg) = 3,508 cmol/mol
Between-Bottle Homogeneity = Spperet= 0,107 %
Key
DOF num = flegrees of freedom between groups
DOF denum|= degrees of freedom within groups
In Table B.5, the Sy, , between bottle homogeneity uncertainty for each component k in the mixture is
provided.
Table B.5 — Results of ANOVA
Analyte z a n, Yavg [cmol/mol] Sbb, k(rel) [%0]
Carbon Monoxide 10 10 3,508 0,107 %
Carbon Dioxide 10 10 13,77 0,092 %
Propane 10 10 0,202 1 0,081 %

Kley

N

Q

=

= total number of mixtures in the batch

= Number of replicates for each cylinder
\¢ = average amount of substance fractionvalue for component in the batch

= number of mixtures analysed from the total bat¢h
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Annex C
(informative)

Example mixture categories

An example of a category of mixture determination for a binary mixture of methane in nitrogen is considered
with each range having the same individual filling process and verification method. The mixture is prepared
in a cylinder of 10 litre water capacity at 150 bar.

To determline the ranges, it is useful to consider the target uncertainty required and the possiblle use of a

premix.

Moreover,|it is important to consider that the calculated uncertainty for methane shall be valid [in relative
value for amount fractions above the amount fraction considered and in absolute value|for amounit fractions

below.

Pure component CHi and Nz

Selected njixture for the validation: 25 cmol/mol methane in nitrogen

S¢lected mixture for the U Ui U1y Jrounded
validation cmol/mol % %
35 cmol/rpol methane in 0,106 0,424 0,5
nitrogen

UiV = 0,5 % is applicable from 25 cmol/mol and abowve,

U(y,) = 0,106 cmol/mol is applicable up to 25 cmol/mol from an amount fraction defined by th¢ producer
according [fo the target uncertainty required.

Lower amount frac- U U1 U, (y,Jrounded . .
tion Mixture cmol/mol re% re % Considerations
15 cmpl/rr_lol meth- 0,106 0,71 0,8 The uncertainty ip
4ne in nitrogen acceptable
5 cmf)l/rr_lol methane 0,106 212 25 No, the unce_rtamty is
in nitrogen too high
The categgries of mixture are:
Amount_fractlon U U,y (v;) rounded
CH, in N, cmol/mol %
cmol/mol
CH, > 25 0,106 0,5
15 <CHy < 25 0,106 0,8-0,5

Following the same approach, the categories are defined.

Pure component CH, and N,

Selected mixture for the validation: 5 cmol/mol methane in nitrogen

Selected mixture for the Uy Ura V) U, (vi) rounded
validation cmol/mol % %
5 cmol/mol rr;eetrtlane in nitro- 0,044 0,88 1
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