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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
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.
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Introduction

The use of purity data in the calculation of the composition of calibration gas mixtures is an essential
element in establishing metrological traceability of the certified gas composition. Purity analysis is
usually challenging, as normally, trace levels of various components need to be determined in a matrix
for which limited or no measurement standards are readily available.

In many practical situations, purity data in some form are available. For the preparation of calibration
gas mixtures, it is important that this information is interpreted in a consistent fashion and taken into
account in the calculation of the composition of the mixture.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 19229:2015(E)

Gas analysis — Purity analysis and the treatment of purity
data

1

Scope

This International Standard sets requirements for the purity analysis of materials used in the

prepparation of tatibration gas X tUTes amnd the use of these data i catcutating thecomp
mixture thus prepared.

2
The

indigpensable for its application. For dated references, only the editign)cited applies. I
referfences, the latest edition of the referenced document (including any-amendments) appl

ISO

calibpation gas mixtures

ISO
ISO

ISO/IEC Guide 98-3, Uncertainty of measurement < Part 3: Guide to the expression of uf
meagurement (GUM:1995)

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

In thjs International Stanhdard, the following symbols are used:

Li

wij

Xij

bij

Normative references

following documents, in whole or in part, are normatively referenced\in’ this docunj

143, Gas analysis — Comparison methods for determining“-and checking the cof

~

504, Gas analysis — Vocabulary

14912, Gas analysis — Conversion of gas mixture composition data

Terms and definitions

$ymbols

running index over the components in a mixture
index ofthi¢ parent gas

index-of a specific component in a mixture

sition of the

ent and are
For undated
es.

nposition of

certainty in

limit of detection of componentiin parent gas j

standard uncertainty (of the quantity between brackets)
mass fraction of component i in parent gas j
amount-of-substance fraction of component i in parent gas j

volume fraction of component i in parent gas j
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5 Principles

5.1 General

The determination of the impurities contained in each material (gas or liquid) used in the preparation
has an impact on the uncertainty associated with the content of the component.

Assess and list all of the impurities that might be present in the material. These can be identified by
different means, including

— open literature,

— informdtion provided with the material,
— previoufs experience of using the same or similar materials, and
— knowleglge of the process used to produce the material.

In order to decide the extent of purity analysis required, it is necessary to specify-which of the potential
impurities are ‘critical’ and which are ‘significant’ to the final composition of themixture.

5.2 Assegsment of critical and significant impurities

5.2.1 (Critiical impurities
A critical impurity is an impurity that meets one or more of the,following criteria:

— an impyrity in the parent gas or liquid of a mixture that is also present as a minor component ip the
same mfxture at low concentrations;

EXAMPIE If preparing a low-concentration oxygen in nitrogen mixture, oxygen might also be pres¢nt as
an impurity in the nitrogen.

— an impyrity that has the potential to(influence the result of an analytical verification of the
mixturg composition;

EXAMPIE The presence of argon in nitrogen or oxygen will influence the analytical verification ¢f the
oxygen dontent when using gas chromatography with a non-selective detector.

— an impyrity in a parent gas’or liquid of a multi-component mixture that is also present as a miinor
component in the same.htixture;

EXAMPIE For natural gas mixtures, i-pentane is often found as an impurity in n-pentane and neo-
pentane] as well as’heing added as a minor component in its own right.

— an impyrity that might be reactive with respect to any other component in the mixture.

EXAMPIE If preparing a mixture of nitric oxide in nitrogen, any oxygen present as an impurity in the
nitrogen might react with the nitric oxide to form nitrogen dioxide.

5.2.2 Significant impurities

A significant impurity is an impurity that is predicted to contribute more than 10 % to the target
uncertainty of the content of any of the components in the calibration gas mixture. The application of
this criterion requires knowledge of the preparation method used (e.g. gravimetric, volumetric, static,
or dynamic) and the uncertainties associated with the various steps involved.

The above described steps are summarized as a flowchart in Figure 1. The use of the flowchart is
explained in the following subclauses.

2 © IS0 2015 - All rights reserved
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list all critical and
other potential impurities?

see 5.1

carry out the steps below for each
identified impurity in turn
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is the impurity
expected to be 'critical'?

see 5.2.1

is the impurity
expected to be 'significant'?

see 5.2.2 see 5.2.2

is the impurity
expected to be“significant'?

no

v indicative purity

no

yes

A 4

analysis required®

A 4
A

purity analysis with
results that are
traceable required

see 6.3

A

v

no purity analysis
required®

see 6.4

see 6.2

yes

dorthe results indicate
the presence of a significant
impurity?

A 4

report results 2
of purity

<
analysis

no

flo the start of theflowchart.

ative purityanalysis.

If preferred, a traceable or indicative purity analysis can be carried out.

If preferred, ajpurity analysis with results that are traceable can be carried out instead

[f an unpredicted or-unknown impurity is identified during the course of a purity analysis, return

of an indic-

Figure 1 — Purity analysis flowchart

6 Analysis of impurities

6.1 General

The extent of purity analysis required shall be determined by the outcome of the flowchart in Figure 1.

Each of these levels is discussed in 6.2 to 6.4.

© ISO 2015 - All rights reserved
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The process shown in the flowchart in Figure 1 shall be undertaken for each of the listed potential
impurities. Purity analysis can be carried out by one or more appropriate analytical techniques. In some
instances, more than one technique might be needed.

EXAMPLE When determining the purity of methane, hydrocarbon impurities can most accurately be
determined by gas chromatography with flame ionization detection (GC-FID), while other impurities can be
determined by GC with thermal conductivity detection (GC-TCD) or discharge ionization detection (GC-DID).

For some materials (e.g. liquids and corrosive gases), it might not be practicable to analyse the material
in its ‘pure’ state. In these cases, an alternative approach can be taken such as the preparation of a
gravimetric mixture with a lower amount-of-substance fraction for purity analysis (using a carefully

chosen mat

ix gas of known high purity) This approach has, however, a detrimental effect o

the

achievable 1
when calcul

When using
purity analy
As the comp
of the liquid
within their

When carry
any observej
procedure i
as unexpec
should be ag
then carried

6.2 Purit

To carry ouf
gas mixture
reference m

If metrologi
these data d

not explicitly stated on the certificate/in the report provided. Such assessment shall include, but i

limited to, ]
have been u
been perfor

NOTE1 A
are traceable
with statedu
stipulated in

e

mits of detection and that care should be taken to account for the purity of the matri
ating the purity of the component of interest.

liquids or liquefied gases in gas mixture preparation, this phase shall be siibjected
sis rather than the vapour phase. If the vapour phase is used, this phase shall be anal
ositions of the vapour and liquid phase differ, these compositions might'change durin
/vapour. Appropriate measures shall be taken to ensure that the purity data remain
stated uncertainties.

ing out a purity analysis, care should be taken to check for any unhexpected impuritie
d impurities that were not identified as a potential impurity-when following the assess
5.2). For example, when using gas chromatography, unexpected impurities can be obse
d peaks in the chromatogram. If one or more unexpected impurities are observed,
sessed as to whether itis ‘critical’ and/or ‘significant’.ahd the appropriate impurity ang

out, as determined by the flowchart in Figure 1.

y analysis with results that are traceable

a purity analysis with results that are(traceable, calibrate the analyser(s) using refet
s with defined uncertainties and guantify the impurity by direct comparison with 1
ixtures by use of methods describedin, e.g. [SO 6143.

Cally traceable purity data from another source (e.g. on a certificate of analysis) are avai
an be used for this purpese:The metrological traceability of the data shall be assess

necking whether appropriate certified reference materials or other measurement stang
ced and a rigorous tmcertainty evaluation of all steps leading to the measurement resu
med.

Feference gas mixture is a mixture of appropriate metrological quality that has composition dat
to a nationdl or international measurement standard through an unbroken chain of compap
hcertaintieS. An example is agas mixture certified by a calibration laboratory, fulfilling the cond
[SO/IEC-17025.

NOTE2 W

K gas

to a
ysed.
b use
valid

5 (i.e.
ment
rved
each
lysis

ence
hese

able,
ed, if
s not
ards
t has

h that
isons
tions

here traceable gaseous measurement standards are not available, certified reference materia

S can

be available i

NOTE 3

n liquid form with certified purity.

Where appropriate measurement standards or certified reference materials are not available, it can be

necessary to redesign the proposed preparation in a way that traceable purity analysis is not required, by using
for example materials with better purity.

NOTE 4

Where traceable measurement standards or certified reference materials are not available, it is

sometimes possible to estimate the purity of starting materials by use of a kind of standard addition method.
Prepare a series of standards containing the ‘pure’ material at different concentrations and extrapolate the
analysed values back to zero.
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6.3 Indicative purity analysis

Inthe field of gas analysis, an indicative purity analysisis one that provides data of which the metrological
traceability is not established. Such a situation might arise from, for example:

— an analysis that uses gas mixtures with a composition for which the metrological traceability has
not been established;

— the determination of at least part of the results using theoretical response factors;

— the use of optical line strength from databases from which the metrological traceability has not
been established:

— data from a “certificate of analysis” without stated metrological traceability.

All data for which the metrological traceability has not been established shall be regarded asf‘indicative”.
Such|data can be used for indicative purity analysis.

When expressing the result(s) of an indicative purity analysis, any possible bias in the data shall be
deal with by either including an appropriate uncertainty component to.dccount for the pogsible bias or
applying a correction for the bias.

Gas hanufacturers often quantify the purity of their pure gases using a specification (see Table 1 for an
exanple of high-purity nitrogen). Such specifications might stém from the analytical capapilities used
for the purity analysis or from monitoring the production process.

Table 1 — Example of manufacturers’ purity specification for nitrogen

Impurity Specification
pumol mol-1
co <10
COy <10
CxHy <0,5
NO <01
NO; <01
SOz <0,1
Ar <50
H,0 <1,0

If an| impurity;likely to be present in the “pure” parent gas, is below the limit of detection of the
analytical method used for the purity analysis, then the limit of detection is usually quotdd in the gas
mantyifacturer’s specification.

o th t—of. he £ t fth ted i t hallh
In this case the amgountglgubctance [racty ion-ofthe expectea :mpuﬂ X —SAaH-be-se “q hal to half of

7
the value of the detection limit of the analytical method, Ljj, as shown by Formula (1):

x; =L 1)

The uncertainty associated with x;j is evaluated assuming a rectangular distribution with L; being the
upper limit of the rectangle, and zero the lower limit. The standard uncertainty associated with the
amount-of-substance fraction x;; is calculated using Formula (2).

L
uxy)=—— )

x3
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Table 2 — Amount-of-substance fractions and associated standard uncertainty from the purity

specifications from Table 1 using Formula (2)

Impurity Xij u(xjj)
pumol mol-1 umol mol-1
co 0,5 0,3
COy 0,5 0,3
CxHy 0,25 0,15
NO 0,05 0,03
NO; 0,05 0,03
SOy 0,05 0,03
Ar 25 15
H0 0,5 03

6.4 No pyrity analysis

A purity anglysis is not required for impurities that are both non-critical and.insignificant.

6.5 Estinmation of the amount-of-substance fractions of unmeasured (but expected)

impuritieg

When carryjing out a purity analysis with results that are traceable or an indicative purity analysi|s, an
impurity might sometimes be expected to be present in a material (through either prior knowledge or

information
by, or is beld

In these insf
substance f7
of the analy

Theuncerta
distribution
that there id
up to the def
from which

provided by a third party, such as the manufacturer of the material), but cannot be detg
w the limit of detection of the analytical method used.

ances, if a more suitable and/or sensitive analytical method is not available, the amoul
action of the expected impurity shalbe set equal to half of the value of the limit of dete
Fical method used.

inty of an amount-of-substance fraction calculated in thismanneris based uponarectan
between zero and the value'of the detection limit of the analytical method, thus, assu
an equal probability that'the impurity might be present in the material at a level from|
ection limit. An undétected impurity therefore forms a rectangular probability distrib
its standard uncertainty is given by Formula (2).

pcted

ht-of-
ction

rular
ming
Zero
ition
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