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Foreword

The text of ISO 14912:2003 has been prepared by Technical Committee ISO/TC 158
"Analysis of gases” of the International Organization for Standardization (ISO) and has been
taken over as EN ISO 14912:2006 by Technical Committee CEN/SS N21 "Gaseous fuels and
combustible gas", the secretariat of which is held by CMC.

This European Standard shall be given the status of a national standard, either by publication
of an identical text or by endorsement, at the latest by February 2007, and conflicting national
standards shall be withdrawn at the latest by February 2007.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of
the following countries are bound to implement this European Standard: Austria, Belgium,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.

Endorsement notice

The text of ISO 14912:2003 has been approved by CEN as EN ISO 14912:2006 without any
modifications.

Documents

Document Sharing Hub

Full document details: BS EN ISO 14912:2006


http://www.avadocuments.com/doc/bs-en-iso-14912-2006
http://www.avadocuments.com/doc/bs-en-iso-14912-2006

BS EN ISO 14912:2006
EN ISO 14912:2006 (E)

Contents Page
o X 11 o5 4 o Y T iv
1 8T o o - SRR 1
2 Terms and defiNitioNS .........iiiiiiiiie e e e s s ss s s e e s s snss s reressnssssss e e resnnsnnnnnsasassrenannn 1
3 RS ] o T L= 1 o BT 4T S PRRPN 4
4 BaSiC PriNCIPIES ..cvveeeeeeeiiieeeieieieieieeeeeenerercneeesnnnsnsnsnsnsnsnsnsnsnsnsnsnssssssssssssssssssssssssssssssssssssssssnnnnnnnnnnnnnnnnnnnnnn 6
41 Expression of gas mixture COMPOSItioN.......cccciiiiicccesmiiri e smn e e e 6
4.2 Conversion between different quUantities.........ccoccc e ————————— 8
4.3 Conversion between different state conditions...........ooveeeiiiiiicccc e 9
5 oY T o (o =T [ = 10
5.1 Conversion between different quantities of composition..........ccccooiiiiiciioii e 10
5.2 Conversion to referenNce CONAItIONS.........ciiieeiiiiciiiiie e rsss e rrsa e rrea s s rssss s s rensssssansssrennssssnres 13
6 Practical implementation ... s s s s s s s as s nssaasn s s nnaanannsara s rnnnnnnnnnnnnn 13
6.1 Conversion between quantities of COMPOSItioN ........cooeveiiiiiiii s 13
6.2 Conversion of single analyte contents .........ccccoeviiccccceiiiin e s 14
6.3 Conversion of complete COMPOSILIONS........ccuiiiiiiiiciiciicrirr e smnne e e e e ee s 15
6.4 Conversion between state CONAItIONS .........cceeeeeiiiiiiiiiic e s e s s nsa s rerenes 15
6.5 Simple approximations applicable to CONVErsion ........cccccoviiccccieeireei e 15
7 Input quantities and their uncertainties...........ccccceviii i —————————————— 16
71 PUre gas data........ceeeeemmmmmmemmmmmmimeceeeceeeeennnsnsnsnssnnsssssssnsssnssssssssssssssssssssssssssssssssssssssssssnssssssnnnnnnnnnnnnnnnnnnnnn 16
7.2 L= T 0 11D =3 = - S 19
7.3 Rough uncertainty @stimates..........ooo e 22
8 Conversion UNCErTAINY ... 22
8.1 General CONSIAEIAtIONS ......ciceeuiiiiiiiiiii e ress i rress s rens st rasssstresssssranssssrasssssranssssrannsssssrennnsnren 22
8.2 Conversion of single analyte contents ............cccoviiii e ——— 23
8.3 Conversion of complete COMPOSILIONS...... ..o e 24
8.4 Uncertainty calculation using numerical differentiation.........ccccccevv e s 26
8.5 Variances and covariances of input composition data...........cccccecmmmiiiiii s 27
9 PaNoY o] [Toz=TaTeT o T8 =YeTod 43100 T=1 o T F- Lo o - 29
Annex A (normative) Assessment of state CONditions ...........oocceiiiiii s ————————— 30
Annex B (normative) Summation relations for the expression of mixture properties ..........ccccoecmrrvernnnn. 33
Annex C (informative) Mixture component data .............ccccceeiiiiiiiicicsimrirr e snne e smnnne s 34
Annex D (informative) EXamPIES ......ccoieiiiiiiiiiie s s e e 39
Annex E (informative) Computer implementation of recommended methods..........cccooiiiiiiiiiiiiiiicnnnennnn. 54
LS00 1o o =T ] 1 T/ 56
Documents

Document Sharing Ii-i|iub

Full document details: BS EN ISO 14912:2006


http://www.avadocuments.com/doc/bs-en-iso-14912-2006
http://www.avadocuments.com/doc/bs-en-iso-14912-2006

BS EN ISO 14912:2006
EN ISO 14912:2006 (E)

Introduction

The objective of gas analysis is to determine the composition of gas mixtures. Gas mixture composition is
expressed qualitatively in terms of specified mixture components of interest, called analytes, and the
complementary gas. Gas mixture composition is expressed quantitatively by specifying the amount of every
analyte in the mixture and the composition of the complementary gas.

For the purpose of specifying the amount of an analyte in a gas mixture, different quantities are in use. This
diversity is due to the fact that in different applications different quantities have decisive advantages.
Therefore procedures for conversion between different quantities are required.

In cases where these quantities involve the volumes of the analytes or the gas mixture or both, they depend
on the state conditions, i.e. pressure and temperature, of the gas mixture. For each of these quantities,
procedures for conversion between different state conditions are required.

As a crude approximation, all of the conversions referred to above can be performed on the basis of the Ideal
Gas Law. In most cases, however, an accurate conversion has to take into account the real gas volumetric
behaviour of the analyte and of the gas mixture. In particular, many conversions require values of the
compression factor (or of the density) of the gas mixture.

This International Standard provides formally exact conversion procedures, based on fundamental principles,
which fully account for real gas behaviour of pure gases and gas mixtures. In addition to these, approximate
procedures for practical applications are described, designed for different levels of accuracy and available
data. These approximations are necessary because measured gas mixture compression factors (or densities)
are rarely available and therefore have to be estimated from component data. Uncertainty estimates are given
which result from combining approximations in the conversion procedures with the uncertainties of the input
data. Where conversions require real-gas volumetric data of pure gases or gas mixtures, these are expressed
by compression factors. As equivalents, density data could be converted into compression factor data.
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Gas analysis — Conversion of gas mixture composition data

1 Scope

This International Standard defines the following quantities commonly used to express the composition of gas
mixtures:

— mole fraction,
— mass fraction,

— volume fraction,

— mole concentration,

— mass concentration,

— volume concentration.

For these quantities of composition, this International Standard provides methods for

— conversion between different quantities, and

— conversion between different state conditions.

Conversion between different quantities means calculating the numerical value of an analyte content in terms
of one of the quantities listed above from the numerical value of the same analyte content, at the same
pressure and temperature of the gas mixture, given in terms of another of these quantities. Conversion
between different state conditions means calculating the numerical value of an analyte content, in terms of
one of the quantities listed above, under one set of state conditions from the numerical value of the same
quantity under another set of state conditions, i.e. pressure and temperature, of the gas mixture. Gas mixture
composition can be converted simultaneously between different quantities of composition and different state
conditions by combination of the two types of conversion.

This International Standard is applicable only to homogeneous and stable gas mixtures. Therefore any state

conditions (pressure and temperature) considered need to be well outside the condensation region of the gas
mixture and that of each of the specified analytes (see Annex A).

2 Terms and definitions

For the purpose of this document, the following terms and definitions apply.
NOTE See also References [1] and [2] in the Bibliography.

2.1 Quantities for the expression of gas mixture composition

NOTE Further information concerning the terms defined in this subclause is given in 4.1.
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211

mole fraction

amount-of-substance fraction

X

quotient of the amount of substance of a specified component and the sum of the amounts of substance of all
components of a gas mixture

NOTE The mole fraction is independent of the pressure and the temperature of the gas mixture.
21.2

mass fraction

w

quotient of the mass of a specified component and the sum of the masses of all components of a gas mixture
NOTE The mass fraction is independent of the pressure and the temperature of the gas mixture.

21.3
volume fraction

quotient of the volume of a specified component and the sum of the volumes of all components of a gas
mixture before mixing, all volumes referring to the pressure and the temperature of the gas mixture

NOTE The volume fraction is not independent of the pressure and the temperature of the gas mixture. Therefore the
pressure and the temperature have to be specified.

214

mole concentration

amount-of-substance concentration

C

quotient of the amount of substance of a specified component and the volume of a gas mixture

NOTE The mole concentration is not independent of the pressure and the temperature of the gas mixture. Therefore
the pressure and the temperature have to be specified.

21.5
mass concentration

quotient of the mass of a specified component and the volume of a gas mixture

NOTE The mass concentration is not independent of the pressure and the temperature of the gas mixture. Therefore
the pressure and the temperature have to be specified.

21.6

volume concentration

O

quotient of the volume of a specified component before mixing and the volume of a gas mixture, both volumes
referring to the same pressure and the same temperature

NOTE 1 The volume concentration is not independent of the pressure and the temperature of the gas mixture.
Therefore the pressure and the temperature have to be specified.

NOTE 2  The volume fraction (2.1.3) and volume concentration (2.1.6) take the same value if, at the same state
conditions, the sum of the component volumes before mixing and the volume of the mixture are equal. However, because
the mixing of two or more gases at the same state conditions is usually accompanied by a slight contraction or, less
frequently, a slight expansion, this is not generally the case.
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2.2 Additional quantities involved in conversions of gas mixture composition

2.21

compression factor

Z

quotient of the volume of an arbitrary amount of gas at specified pressure and temperature and the volume of
the same amount of gas, at the same state conditions, as calculated from the ideal gas law

NOTE 1  This definition is applicable to pure gases and to gas mixtures, therefore the term “gas” is used as a general
term which covers pure gases as well as gas mixtures.

NOTE 2 By definition, the compression factor of an ideal gas is 1. At room temperature and atmospheric pressure, for
many gases the compression factor differs only moderately from 1.

2.2.2

mixing factor

S

quotient of the volume of an arbitrary amount of a gas mixture at specified pressure and temperature and the
sum of the volumes of all mixture components, before mixing, at the same state conditions

NOTE If the component volumes are strictly additive, i.e. if the sum of the component volumes before mixing is the
same as the volume after mixing, the mixing factor is 1. At room temperature and atmospheric pressure, for many gas
mixtures the mixing factor differs only slightly from 1.

223
density

Yol
quotient of the mass of an arbitrary amount of gas and its volume at specified pressure and temperature

NOTE This definition is applicable to pure gases and to gas mixtures, therefore the term “gas” is used as a general
term which covers pure gases as well as gas mixtures.

2.2.4
molar volume
V

mol
quotient of the volume of an arbitrary amount of gas at specified pressure and temperature and its amount of
substance

NOTE 1 This definition is applicable to pure gases and to gas mixtures, therefore the term “gas” is used as a general
term which covers pure gases as well as gas mixtures.

NOTE 2  The amount of substance of a mixture is given by the sum of the amounts of substance of the components.

225
virial coefficients
coefficients in the expansion of the compression factor in terms of powers of a quantity of state

NOTE In practice, only two virial expansions are used, where the quantity of state is either the pressure, p, or the
inverse molar volume, 1/V,,,, as follows.

B(T) , C(7)
Z(Venon T) =1+ 7 + 2 + . (1)
Z(p.T)=1+B(T)p+C'(T)p? + ... 2)
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2251

second molar-volume virial coefficient

B

coefficient of 1/V,,, in the expansion of the compression factor in terms of inverse powers of the molar
volume, Vo

2.25.2

third molar-volume virial coefficient

C

coefficient of 1/7,2,, in the expansion of the compression factor in terms of inverse powers of the molar
volume, Vo

2253

second pressure virial coefficient

B!

coefficient of p in the expansion of the compression factor in terms of powers of the pressure p

2254

third pressure virial coefficient

C!

coefficient of p2 in the expansion of the compression factor in terms of powers of the pressure p

3 Symbols and units

Symbol

(2

4

Quantity
abbreviation of p/(RT)
second molar-volume virial coefficient
second pressure virial coefficient
mass concentration
mole concentration
third molar-volume virial coefficient
third pressure virial coefficient
dilution factor
mixing factor
volume fraction
gas mixture components (i =1, 2, ..., N)

gas mixture components (from 1 to N)
(where needed in addition to symbol i)

mass
molar mass

amount of substance

Full document details: BS EN ISO 14912:2006

Sl unit
mol/m3
m3/mol
1/Pa
kg/m3
mol/m3
m&/mol?

1/Pa?

kg
kg/mol

mol
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Symbol

Pvap

Pdew

Xref

X,

crit

Xpscrit

VA

Quantity
number of gas mixture components
pressure
saturation vapour pressure
dew pressure
molar gas constant (8,314 510)
density
(sample of) gas mixture
volume concentration
Celsius temperature
thermodynamic temperature
volume
molar volume
mass fraction
weight (of a gas cylinder)
mole fraction
reference value of state conditions (X=p, T)
critical component property (X=p, T, V, Z)
pseudo-critical mixture property (X =p, T)

compression factor

BS EN ISO 14912:2006
EN ISO 14912:2006 (E)

Sl unit

Pa

Pa
Pa
J/(mol-K)

kg/m3

m3/m3

°C

1

same as for X
same as for X

same as for X

In addition to the symbols specified above, the following symbols are used to denote objects of generic
mathematical expressions.

Full document details: BS EN ISO 14912:2006
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Symbol Quantity

F mathematical function expressing a conversion
1 input quantity of composition

(0] output quantity of composition

0 conversion factor

K.L,P,Q,Y general variables or quantities

OF|oP partial derivative (sensitivity coefficient)
rP,0) correlation coefficient of quantities P,Q

R correlation matrix

u(P) standard uncertainty of quantity P

u2(P) variance of quantity P

u(P,Q) covariance of quantities P,Q

U variance/covariance matrix

v(P) relative standard uncertainty of quantity P

4 Basic principles

4.1 Expression of gas mixture composition

The generic term for the amount of a component in a mixture is “content”. This term is intended for use only in
a purely descriptive or qualitative sense, and is, without further qualification, inappropriate and insufficient to
express quantitatively the amount of a component.

Quantitative statements require the expression of content as a value (the product of a number and a unit) of a
“quantity of composition”.

For present purposes, six quantities of composition, subdivided into two distinct conceptual families, called
fractions and concentrations, are defined in 2.1. The terms “fraction” and “concentration” are themselves
incomplete, and cannot be used in quantitative statements of content without qualification by one of the
modifiers “mole”, “mass” or “volume”.

In quantitative expressions of gas mixture composition, the applicable quantity, for example the mole fraction
or the mass concentration, shall be used in conjunction with the name or the chemical symbol of the

component.
EXAMPLE 1 The hydrogen content in a hydrogen/nitrogen mixture, expressed by mole fraction, is x(H,) = 0,1.
EXAMPLE 2 The sulfur dioxide content in air at 101,325 kPa and 25 °C, expressed by mass concentration, is

BA(SO,) =1 mg/md.

Gas mixture composition may either relate to the preparation of gas mixtures or to the analysis of gas
mixtures. In the first case, the composition expresses the formulation of a prepared mixture. Here the
components are the parent gases that were mixed. These can be technically pure gases or specified gas
mixtures. In the second case, the composition expresses the results of analysis. Here the components are the
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analytes (i.e. the distinct chemical substances determined quantitatively) and the matrix (i.e. the
complementary gas).

Fractions are often used in the expression of results of gas mixture preparation. If a gas mixture consists of N
components, 1, 2, ..., N, and if the amounts of these components in the mixture are quantified by amount of
substance, n4, n,, ..., ny, the mole fraction x; of any component i is given by

X; = d 3)

If the amounts of the mixture components are quantified by mass, my, m,, ..., my, the mass fraction w; of any
component i is given by

2. mi
k
If the amounts of the mixture components are quantified by volume, V4, V5, ..., Vy, the volume fraction ¢; of

any component i is given by

P =< ()

Concentrations are often used to express the results of mixture analysis. If the amount of a specified analyte,
i, found in the analysed sample is quantified by amount of substance, n,, and if Vs is the sample volume at
specified pressure and temperature, the mole concentration (amount-of-substance concentration) ¢; is given
by

c;=—t (6)

o =i (8)

In all the above expressions, it has to be noted that the sample volume depends on pressure and
temperature. In the expression for the volume concentration, the analyte volume also depends on pressure
and temperature. For both volumes, the state conditions have to be the same.

The quantities of composition exhibit different behaviour concerning the dependence on pressure and
temperature, as follows:

— mole concentration and mass concentration depend strongly on state conditions,
— volume fraction and volume concentration depend weakly on state conditions,

— mole fraction and mass fraction are strictly independent of state conditions.
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The quantities above are primarily intended for describing the composition of gas mixtures which are
homogeneous and stable. In a technical sense, they may also apply to both heterogeneous and unstable
mixtures but that is not their intended usage in this International Standard (see below).

Given the restriction to homogeneous gas mixtures, the main implication for this International Standard is that
the state conditions (pressure and temperature) shall be such that the mixture is completely gaseous. This
requirement applies to all the quantities. In addition,

a) the volume concentration is only applicable if the state conditions are such that the individual component
under consideration, before mixing, is completely gaseous, and

b) the volume fraction is only applicable if the state conditions are such that all components, before mixing,
are completely gaseous.

The expression “completely gaseous” means, for an individual component, that the pressure is well below the
saturation pressure at the given temperature or that the temperature is well above the critical temperature. For
a mixture, the equivalent condition is that the pressure is well below the dew pressure at the given
temperature or that the temperature is well above the cricondentherm. In other words, the state conditions are
to be well outside the relevant condensation regions. Methods for assessing whether, at specified state
conditions, gas mixtures and their components are completely gaseous are described in Annex A.

If the restriction to homogeneous and stable mixtures cannot be guaranteed, then the way forward is
inevitably complex. For instance, if the gas mixture is not stable at the relevant state conditions, i.e. if chemical
reactions between mixture components take place, then the composition depends upon time and shall be
described accordingly (either using time-averaged quantities or a functional dependence upon time).

Analogously, in the case of a heterogeneous gas mixture, either spatial distributions or spatial averages shall
be employed. Situations of this sort, however, are beyond the scope of this International Standard.

4.2 Conversion between different quantities

The conversion between different quantities of composition uses the basic relations between the following
quantities, which apply both to pure gases and to gas mixtures:

— amount of substance, n
— mass, m
— volume, V

The relation between amount of substance and mass is given by Equation (9)

where M is the molar mass of the gas or gas mixture.

The molar masses of pure gases are calculated from the molar masses of the elements (see 7.1.1). The molar
masses of gas mixtures are calculated from the composition and the molar masses of the components (see
7.2.1).

The relation between amount of substance and volume is given by Equation (10).

p is the pressure of the gas or gas mixture;
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T is the temperature of the gas or gas mixture;

Z is the compression factor of the gas or gas mixture;

R is the molar gas constant.
Equation (10) is the general equation of state for real gases. The compression factors of pure gases can be
calculated approximately from tabulated virial coefficients (see 7.1.2). The compression factors of gas

mixtures can be calculated approximately from the composition and the virial coefficients of the components
(see 7.2.2).

The relation between mass and volume is given by Equation (11):

m=pV (11)
where pis the density of the gas or gas mixture.
The three quantities M, Z and p can be related by combining Equations (9), (10) and (11) to give

s Mp

RT (12)

Therefore, only two of these quantities are independent. In this International Standard, the conversion
between quantities of composition is based on known values of M and Z.

In addition to the equations above, conversions between fractions and concentrations require relations
between the amount of a gas mixture and the amounts of its components.

If a gas mixture sample S consists of N components, 1, 2, ..., N, the amount of substance n¢ of the gas mixture
sample is given by the sum of the amounts of substance of the components.

ng =D ng (13)

k

Analogously, the mass mg of the gas mixture sample is given by the sum of the component masses.
ms = my (14)
k

While amounts of substance and masses of mixture components are strictly additive, for component volumes
additivity is only an approximation (though usually very good). The relation between the volume V5 of the gas
mixture sample and the component volumes at identical state conditions is as follows:

Vs = 1s S (15)
k

where fg is the mixing factor of the gas mixture S.
In the majority of applications, the mixing factor can be taken as unity (see 7.2.3).

4.3 Conversion between different state conditions

If gas mixture composition is expressed in terms of quantities which depend on pressure and temperature,
reference conditions are necessary for comparison purposes. Therefore, procedures for converting any such
mixture composition from given state conditions to specified reference conditions are required. The basic
relation involved in these conversions is the relation between the volume V(p,T) of a sample of a gas or gas
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mixture at given state conditions (p,7) and the volume ¥(p.T,f) Of the same sample at specified reference
conditions (e Tef), Using Equation (10).

V(p,T) _ prefTZ(PsT)

= (16)
V(Pref7Tref) PTrefZ(PreﬁTref)

5 Main procedures
5.1 Conversion between different quantities of composition

5.1.1 Conversion of specified analyte contents

Conversion between different quantities of composition refers to specified state conditions (pressure p,
temperature T') of the gas mixture under consideration. Conversion is performed by multiplication with a
conversion factor which in most cases is a quotient, composed of one or several quantities of the component i
under consideration and the gas mixture S. For example, mole concentrations ¢; are converted into mass
fractions w; as follows:

RTZg
pM g

Mic; (17)

i

where

M;and Mg are the molar masses of component i and mixture S;
Zg is the compression factor of mixture S at the specified state conditions of p and T.

Depending on which two of the three dependent quantities molar mass, M, compression factor, Z, and density,
p, are selected, the conversion factors can be expressed differently. In this International Standard, conversion
factors are always expressed in terms of M and Z. To utilize density data of pure gases and gas mixtures,
these would be converted into compression factor data according to Equation (12).

In Clause 7, the determination of the input quantities required for conversions is addressed.

Except for conversion between mole fractions and mass fractions, conversion between different quantities of
composition is only applicable if the state conditions (pressure and temperature) considered are well outside
the condensation region of the gas mixture as well as of each of the components. Otherwise grossly
erroneous or misleading results are liable to occur. For example, if one of the components is not completely
gaseous under the state conditions considered, then the content of this component cannot be specified by
volume fraction or by volume concentration (see 2.1).

Table 1 specifies a complete set of conversion factors, expressed in terms of molar masses and compression
factors of the component and the mixture under consideration. To obtain a desired quantity, take a given
quantity and multiply it by the corresponding factor in Table 1.
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Table 1 — Conversion factors between quantities of composition

Desired [ Given quantity | Given quantity | Given quantity | Given quantity | Given quantity [ Given quantity
quantity
Xi i Wi € o; B
x 1 s Ms Zs Zs Ls_
! IsZ; M; a Z; aM;
4 fsZi 1 SsMs Z; IsZi y fsZi
' Zs ZsM; a s aM;
- M, ZsM; 1 ZsM; ZsM; Zs
' Mg fsMs Z; aMg Mg z; aMyg
a a aMg 1 a 1
C: —_ —_— i _
' Zs IsZ; ZsM; Z; M;
lof Z—’ i Mg Z; Z; 1 Z_l
: Zs fs ZsM, a aM,
aM; aM; aM. aM;
ﬂi i i S Mi i 1
Zs IsZ; Zs Z;
x;  is the mole fraction of component i M; is the molar mass of component i
¢; is the volume fraction of component i Z; is the compression factor of component i
w; is the mass fraction of component i Mg is the molar mass of gas mixture S
¢; isthe mole concentration of component i Zg is the compression factor of gas mixture S
o; is the volume concentration of component i fg is the mixing factor of gas mixture S
p; s the mass concentration of component i « is the abbreviation of the quotient p/(RT)
NOTE All quantities refer to the specified state conditions (pressure p, temperature 7') of the gas mixture under consideration.

5.1.2 Conversion of complete compositions

If the composition for a gas mixture is completely known, that is, if the content of all mixture components
including the complementary gas is available, then the conversion factors may be largely reduced to
component quantities. This is done by means of summation relations, expressing single or compound mixture
quantities as sums over component quantities, for example as follows:

Z_S:Zxkzk (18)
fS k
and
Mg :Zkak (19)
k

If the task is to convert mole fractions into another quantity of composition, and if the complete molar
composition of the gas mixture under consideration is available, then Equations (18) and (19) may be utilized
to express any required conversion factor in terms of component data, i.e. mole fractions x;, molar masses M,
and compression factors Z,. As an exception, the mixing factor /g cannot be expressed in terms of component
data and has to be estimated separately.
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Table 2 specifies conversion factors, designed for conversion of complete composition data, based on
summation relations for mixture quantities. The relevant summation relations are given in Annex B. The given
composition shall be specified in term of fractions, while the desired composition could be expressed in
fractions or in concentrations. To obtain a desired quantity, take a given quantity and multiply by the

corresponding factor in Table 2.

In principle, this approach is also applicable to conversion of complete compositions expressed in
concentrations. However, the application range of such conversions is restricted to specialized cases, since
concentrations are normally not used for expressing complete compositions. Therefore conversions of this
kind are not considered in this International Standard. Tables for conversion of concentrations into fractions
based on summation relations can be found in DIN 51896-1[18],

Table 2 — Conversion factors between quantities of composition,
based on summation relations, using component compression factors

Desired quantity Given quantity Given quantity Given quantity
X & Wi
117, 1/ M;
X; 1 ~ o ~
! Z¢k /Zk Z Wk /Mk
0. — 1 e i S
! Zkak ZWka /Mk
M, M, 12,
w. ~ ..,
! D x My, D My 1 Z, !
a o al M;
C: T~ 5 N N 5 as
! fs D x1Zy fsZ; fs D Wi Zy | My,
Zi 1 Zi /Ml
O T~ 5 - N 5 as
! fs DXk Zk s fs D wiZi | My
5 aM; aM,; a
‘ fs D x1Zy fsZ; fs D wiZi | My,

x; (x;)  is the mole fraction of component i (k)

#;(#4) s the volume fraction of component i (k)

w; (w;) is the mass fraction of component i (k)

¢ is the mole concentration of component i
o; is the volume concentration of component i
B; is the mass concentration of component i

M, (M,) is the molar mass of component i (k)

mixture under consideration.

Z;(Z;) s the compression factor of component i (k)

fs is the mixing factor of gas mixture S

a is the abbreviation of the quotient p/(RT)

NOTE All quantities refer to the specified state conditions (pressure p, temperature 7') of the gas
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5.2 Conversion to reference conditions

Amongst the six quantities of composition considered in this International Standard, only the mole fraction and
the mass fraction are independent of the state conditions (pressure and temperature) of the gas mixture. In
contrast to this, the value of the volume fraction, the mole concentration, the mass concentration or the
volume concentration of a component varies with changes of pressure and temperature. The extent of
variation depends on the extent of such changes, the nature of the gas, and the quantity under consideration
(see 4.1).

Conversion of these quantities from given state conditions (p,T) to specified reference conditions (pefT;ef) iS
performed by multiplication with a conversion factor as follows:

PreflZg (P7T)
PTrefZs (Pref!Tref)

¢ (pref!Tref): ¢ (PsT) (20)

PreflZg (P’T)
PTrefZs (Pref1Tref

Bi (Pref’Tref) = )ﬂl (P,T) (21)

Zg (P7T)Zi (Pref7Tref)
Zg (PrefrTref)Zi (p,T)

O (PrefrTref) = oF (p,T) (22)

s (Pret:Tref ) Zs (P.T)Z; (Pret s Tret )
fs (PrT)ZS (PrefrTref)Zi (p,T)

Iy (PrefrTref) = P (p,T) (23)

Instead of using Equations (20) to (23), conversion to other state conditions could be performed using mole
fractions or mass fractions.

Conversion to reference conditions is only applicable if the reference conditions under consideration, pressure
and temperature, are well outside of the condensation region of the gas mixture as well as of each of the
components. Otherwise grossly erroneous or misleading results are liable to occur. For example, if one of the
components is not completely gaseous under the reference conditions considered, then the content of this
component cannot be specified by volume fraction or by volume concentration (see 2.1).

6 Practical implementation

6.1 Conversion between quantities of composition

The factors by which different quantities of composition are mutually interconverted can include data for the
component i under consideration (the molar mass M,, the compression factor Z;) and data for the entire
mixture S (the molar mass Mg, the compression factor Zg, the mixing factor fs).

If the component and mixture data are available as required, the application of the factors specified in 5.1.1,
Table 1 is straightforward. In practice component compression factors will often not be available at the state
conditions (pressure p, temperature T) under consideration. In this case, these quantities will have to be
calculated from available data, using for example virial coefficients (see 7.1).

The main problem, however, is the lack of gas mixture data. With the exception of air, which for practical
purposes can be treated like a well-characterized pure gas, neither the molar mass nor the required
volumetric properties (compression factor, mixing factor) of the gas mixture will usually be available, and
measurement of these data will not be practical. To overcome these problems, this International Standard
considers the following two main alternatives.

a) If the composition of the gas mixture is specified completely by mole fractions, mass fractions or volume
fractions, the relevant combinations of mixture property data required for conversion into other quantities
of composition can be expressed almost completely by weighted averages of component property data.
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Using these summation rules, conversion of fractions into other fractions or concentrations can be
performed using the conversion factors specified in Table 2. The input required for these conversions is:

— complete mixture composition data,
— relevant component property data,
— an estimate of the mixing factor (only for conversion into concentrations).

These procedures will normally be applied in the case of synthetic mixtures, where the complete
composition is available from the mixture preparation formulation. Additional details for conversions of this
type are specified in 6.3.

Mixture components can be pure gases and specified gas mixtures. For example, as dry air is a well
characterized gas with known molar mass and compression factor, a calibration gas mixture of SO, in dry
air is conveniently treated as a 2-component mixture instead of a mixture of SO,, N,, O,, Ar, CO, etc.

b) If the composition of the gas mixture is not specified completely, the strategy for estimating conversion
factors depends on the mixture property data involved, the target conversion uncertainty and the available
information on mixture composition. These procedures will normally be applied in the case of analysed
mixtures, where most often only specified analytes have been determined quantitatively, while the
composition of the complementary gas (matrix) is less well known.

Additional details for conversions of this type are specified in 6.2.

Even if the composition of a gas mixture is not known completely, it can be expressed as a mixture consisting
of the specified analytes and a semi-quantitatively specified matrix. Then the conversion procedure according
to a) can be used, where the relevant property data of the matrix are estimated with appropriate uncertainty
from available information.

Procedures for conversion between different state conditions are addressed in 6.4.

6.2 Conversion of single analyte contents

When the task is to convert single analyte contents, and complete mixture composition data are not available,
then the appropriate conversion factor in Table 1 needs to be selected. Next, the constituents of the
conversion factor are examined as to whether appropriate data are available or can be estimated using
available information as follows.

— For M,, the molar mass of the specified analyte, take the value from an acknowledged reference or
calculate it according to 7.1.1.

— For Z,, the compression factor of the specified analyte at specified state conditions (p,T), which is
normally not available in published data compilations, calculate the value from tabulated virial coefficients
according to 7.1.2.

— For Mg, the molar mass of the gas mixture, which is normally not available in published data compilations,
the calculation from the composition requires complete and accurate composition data. In absence of
these, estimation is only possible in special cases such as traces of analytes in a pure balance gas, using
procedures from 7.2.1.

— For Zg, the compression factor of the gas mixture at specified state conditions (p,7), which is normally not
available in published data compilations, calculate the value from tabulated virial coefficients and
composition data according to 7.2.2, or use the simple approximations specified in 7.3.

— For f§, the mixing factor of the gas mixture at specified state conditions (p,T), which is normally not
available in published data compilations, the value generally can be taken as unity except for special
cases (strong interactions). See 7.2.3.

— For a, the quotient p/(RT), the value is known.
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