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Foreword 

ISO (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 01毡anizations,
governmental and non-governmental, in liaison with ISO, also take p咀rt 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 
ISO/IEC Directives, Part 2 (see www.iso.om/dir它ctive斗．

ISO draws attention to the possibil町 that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the e叩idence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest info1 mation, which may be obtained from the patent database available at 
www.iso.or!!' /natents. ISO shall not be held responsible for identifying any or all such patent rights. 

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about 1$0’s adherence to the World Trade 
Organization [WTO) principles in the Technical Barriers to Trade (TBT], see www.iso.or!T /iso/foreword.html. 

This document was prepared by Technical Committee ISO/TC 158, Analysis of gases. 

A list of all parts in the 150 6142 series can be found on the 1$0 website 

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.om/members.html. 
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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 II calibration gas mixtures may be prepared individually or in batches and certified with an associate 
generic measurement uncertainty. 

Individually prepared Class II calibration gas mixtures are produced in a similar manner to Class I calibration 
gas mixtures, but these mixtures are not individually ve1甘ied . Verification of individually prepared Class II 
calibration gas mixtures is based on periodic verification checks. 

Class II type calibration gas mixtures, which are produced in batches, extend the principles of gravimetric 
preparation described in ISO 6142-1. 

For mixtures containing identical components and nominally identical amount-of-substance fractions, Class 
II type calibration gas mixtures will usually have amount- of- substance fractions with larger measurement 
uncertainties than their Class I counterparts. 

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

。 ISO 2024 唰 All rights reserved 
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Gas analysis 一· Preparation of calibration gas mixtures -

Part 2: 
Gravimetric method for Class II mixtures 

1 Scope 

This document describes the static gravimetric preparation of Class II calibration gas mixtures and 
descr es a method for calculating the measurement uncertair>ty associated with the amount fraction 
of each component. In addition to all of the contributions to the measurement uncertainty mentioned in 
ISO 6142-1, this document also considers the uncertainty resulting from the validation process for Class II 
mixtures that are not individually verified, as is the case for Class 1 mixtures. 

This document extends the uncertainty evaluation described in lSO 6142-1 to include the effects of batch 
production and the verification process. It pro飞rides guidance on how to derive an uncertainty budget that is 
representative of a particular category of mixtures. 

Methods for the batch production of more than one mixture in a single process are included in this document. 

This document is only applicable to mixtures of gaseous or totally vaporized components, which can be 
introduced into the cylinder in the gaseous or liquid state. Both binary and multi -component gas mixtures 
are covered by this document. 

This document is limited to non-reactive molecules/components that are greater than or equal to an amount 
fraction of 100 µmolfmol. This document excludes components that react with each other, or with common 
mixture contaminants such as water vapour or oxygen or react with the inner surface of the cylinder and 
valve in the form of absorption or adsorption. 

2 Normative r e fe r e nce s 

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For u1>dated references, 
the latest editi 

IS。 6142·1:21。15, Gas analysis - Preparation of calibration gas mixtures - Part 1: Gravimetric method for 
Class I mixtures 

ISO 6141, Gas analysis - Contents of certificates for calibration gas mixtures 

ISO 7504, Gas analysis - Vocabulary 

3 Te rms and d e finitions 

For the purposes of this document, the terms and definitions given in 1$0 7504 and the following apply. 

lSO and lEC maintain terminology databases for use in standardization at the following addresses: 

ISO Online browsing platform: available at httns://www.i~o.or!!/ob口

!EC Electropedia: available at httns://www.electronedia orn I 

。 ISO 2024 唰 All rights reserved 
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The process for the gravimetric met hod of preparing Class II calibration gas mixtures with indiv idual 
preparation is given as a flowchart in ISO 6142-1:2015, Figure 1. Class II 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 va lidation process 
is required. For a number of frequently produced mixtures, the average of the calculated uncertainties is 
then used to derive a gener ic uncertainty for a defined range of amount fractions and compositions. Further 
detai ls are given in ζ坦且豆豆豆 and C单且豆豆豆

The filling of calibration gas mixtures in a batch is described in the .G.llw.豆豆Zwith a description of the fi lling 
process and the uncertainty calculation. 

The continued va lidity of this generic uncerta inty shall be periodically re-confirmed following the 
procedures described m♀旭且总豆．

6 Individual cylinder production 

6 .1 General 

The process for the individual preparation of Class II calibration gas mixture is shown in £i且应主．

Define a range of 
amount fractions 

Prepa1 e a set of 
mixtures fo llowing 

ISO 6142-1 

Calculate the generic 
uncertainty 

Determine the 
frequency of periodic 

verification 

Perform periodic 
verification 

Figure 1 - Scheme for t he gravimetric method of prepa ring Class II calibra tion gas mixtures, 
individual preparation 
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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; 

the standard deviation of the mean of the expanded uncertainties shall be lower than a half of the 
intended expanded generic uncertainty; 

m the generic uncertainty an additional uncertainty component from the validation process, u(v,J is 
added, see fur.旦.Y.!..a..(1) :

叫vk )2 =f-1-L.；~1 ( vk』 －~~f
]

嘈
i

，
，‘
、

Where vk denotes the difference between the amount fraction of the component k calculated from 
preparation and verification and n is the number of mixtures involved in the validation process. 

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

The combined standard uncertainty of the amount fraction of component k in the final mixture shall be 
calculated using Formula (9) in ISO 6142-1 amended as follows: 

uc(Yd＝~~巾 (2]

The generic uncertainty shall be calculated from the mean of the expanded uncertainties and shall be 
rounded up to a value with typically 2 significant figures. 

Examples of the estimation of a generic uncertainty are given in A旦旦阜主A

Information on when the estimation of the generic uncertainty should be repeated is given in ♀旭丛位豆，

7 Batch production 

7 .1 General 

Batch filling offers productivity advantages over individual gravimetric step-by-step filling. The one-way 
ANOVA is used to determine the between bottle variation (sbb.k) of the batch filling process for the component 
of interest k. This is then used to calculate the batch uncertainty by adding the sbb value to the gravimetric 
uncertainty of the cylinder on the balance. Further guidance on performing a one-way A NOVA is described 
in ISO Guide 35凶．

7.2 Batch filling 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: 

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

。 ISO 2024 唰 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 fi lling 
instruction for the mixture; 

continue unt il the mixture fi lling process is completed; 

homogenize the mixtures, for example by roll ing the cylinders. 

Random effects, slight var iations 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 
preparation process. 

The batch homogeneity can be improved by using a symmetrical manifold and similar length and diameter 
of filling lines to each cylinder (see fjgy,且且，

To determine the homogeneity and the uncertainty contribution due to batch inhomogeneity the following 
actions shall be completed: 

complete the filling process as described in this subclause; 

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

perform the one-way ANOVA as described in Ann阜总lL this will result in the batch uncertainty. 

1 

Key 
1 vacuum pump 
2 manifold 
3 balance 

3 

4 supply gases: pure gases and pre-mixes cabinet 

Figure 2 - Schematic diagram of filling system 
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7 .3 Calculation of the measurement uncertainty 

The batch inhomogeneity is equal to the between-bottle standard deviation sbb· The between-bottle 
homogeneity study is based on a 100 % batch analys is. The number of replicate analyses depends on the 
des ired measurement uncertainty. 

E且皿J.LkU1 is given for batch filling uncertainty for the component k, 

uc(Yk ）＝~的川叩）＋巾k附）＋（川叩－川）2 +s2bb,k [3]

The valuesyk,pr叩 andyk,ver are calculated from the cylinder on the balance. 

8 Requirements for repeated verifications and document control 

Class fl mixtures shall use the principles of preparation detai led in ISO 6142-1 where each mixture is 
prepared ind ividua lly 也坦且豆豆豆〕 or follow the batch product ion using a validated gravimetric process as 
detailed in ζ坦且豆豆2 of this document. 

The individual verification of the fina l mixture against independent reference gas mixtures is not required, 
however the analyt ical capabil ities used to determine the generic uncertainty should be maintained. 

The estimation of the generic uncertainty of the calibration gas mixture remains valid in a defined 
production system that was used in the estimation of the generic uncertainty. 

The verificat ion shall be completed at least every 12 months for each category of mixture to ensure the 
continued validity of the generic uncertainty ass igned to the mixture. 

The verification shall be repeated when a significant change might affect the measurement uncertainty such 
as changes: 

in the raw materials; 

in the fi lling process. These changes inch』de the set-up of the preparation fac ili ty, the use of other 
weighing equipment and the use of other cylinder types and/or valves; 

in analytical capabilities, instrument selection and analyt ical method. 

If there is any doubt about the stated generic uncertainty, for example in the case of a complaint from a 
customer, the manufacturer of the Class fl calibration gas mixture shall perform an individual analysis to 
confirm the generic uncertainty using the same analytical equipment and set up that was used during the 
estimation of the generic uncertainty. 

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

The data to underpin the estimated uncertainty and t he decisions taken in t he classification of the groups 
and ranges of components shall be documented and available for at least three years after the generic 
uncertainty estimation has been superseded by new estimates. This enables the reproduction of original 
data in the event of production queries or customer complaints. 

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 豆丰 and L主 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 de terminat ion of 
the sources of measurement uncertainty and the validation of the filling processes by analytical verification. 
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