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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-gouernmental, in liaison with ISO_ also take part in the work 1SQO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft_international Standards
adopted by the technical committees are circulated to the member bodies for Vvoting. Publication as an
International Standard requires approval by at least 75 % of the member bodies-casting a vote.

Attentipn is drawn to the possibility that some of the elements of this document may be the subjgct of patent
rights.|ISO shall not be held responsible for identifying any or all such patént rights.

ISO 14912 was prepared by Technical Committee ISO/TC 158, Analysis of gases.
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Introduction

03(E)

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.
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Gas analysis — Conversion of gas mixture composition data

1

This
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¢onversion between different state.conditions.

rle of the quantities listed-above from the numerical value of the same analyte content,
qure and temperature-ef the gas mixture, given in terms of another of these quantities

bf the quantities listed above, under one set of state conditions from the numerical value

position can '\beé converted simultaneously between different quantities of composition and g

nternational Standard is applicable only to homogeneous and stable gas mixtures. Theref
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mixtres:
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ifferent state

bre any state

bn of the gas

ure and that of each of the specified analytes (see Annex A).

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.

21

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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2141

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 thHe 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 & gas
mixture before mixing, all volumes referring to the pressure and the temperature 6f the gas mixture

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

214
mole concentration

amount-of-sybstance 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. Thefrefore
the pressure gnd the temperature have to be specified.

21.5
mass concelntration

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. Thefefore
the pressure gnd the temperature-have to be specified.

21.6
volume congentration
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.

2 © 1SO 2003 — Al rights reserved
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2.2 Additional quantities involved in conversions of gas mixture composition

221

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.

NOTE2 By definition the compression factor of an idealgas is 1 At room temperature and atmaspheric 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 pf the volumes of all mixture components, before mixing, at the same state.conditions

NOTH If the component volumes are strictly additive, i.e. if the sum of the component volumes beforg mixing is the
same|as the volume after mixing, the mixing factor is 1. At room temperature @nd atmospheric pressure| for many gas
mixtufes the mixing factor differs only slightly from 1.

223
densjity

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

NOTH This definition is applicable to pure gases and’to gas mixtures, therefore the term “gas” is usefl as a general
term Which covers pure gases as well as gas mixtures.

224
molar volume
V.

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

NOTH 1 This definition is_applicable to pure gases and to gas mixtures, therefore the term “gas” is usefl as a general
term \Which covers pure gasesjas well as gas mixtures.

NOTH 2  The amount of substance of a mixture is given by the sum of the amounts of substance of the cqmponents.

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

NOT! M practice, only two vittar expansions are used, where the quantity of State 15 either the pressure, p, or the
inverse molar volume, 1/V,,,, as follows.

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

© 1SO 2003 — Al rights reserved 3
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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

2252
third molar-volume virial coefficient
goefficient of 1/72, in the expansion of the compression factor in terms of inverse powers of the molar
volume, Vo
2253
second pregsure virial coefficient
foefficient offp in the expansion of the compression factor in terms of powers of the pressure p
2254
third pressure virial coefficient
goefficient of{p2 in the expansion of the compression factor in terms of powers of the pressure p
3 Symbgls and units
Symbol Quantity Sl unit
a albreviation of p/(RT) mol/m3
B sgcond molar-volume virial coefficient m3/mol
B sgcond pressure virial coefficient 1/Pa
B mass concentration kg/m3
c mole concentration mol/m3
C third molar-volume virial-coefficient m®&/mol?2
C’ third pressure vijrial coefficient 1/Pa2
D dilution factor 1
f mixing.factor 1
¢ volume fraction 1
i gas mixture components (i =1, 2, ..., N) —
J. k gas mixture components (from 1 to N) —
(where needed in addition to symbol i)
m mass kg
M molar mass kg/mol
n amount of substance mol

4 © 1SO 2003 — Al rights reserved
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Symbol Quantity Sl unit
N number of gas mixture components —

p pressure Pa

Pvap saturation vapour pressure Pa

Pdew dew pressure Pa

R molar gas constant (8,314 510) J/(mol-K)

el density kg/m3

S (sample of) gas mixture —

o volume concentration m3/m3

t Celsius temperature °C

T thermodynamic temperature K

14 volume m3

Vimol molar volume m3/mol

w mass fraction 1

w weight (of a gas cylinder) kg

X mole fraction 1

Xrof reference value of state conditions (X=p, T) same as for X
Xerit critical component property (X=p, T, V, Z) same as for X
Xoscrit pseudo-critical mixture property (X =p, T) same as for X
Z compression factor 1

In additien\to the symbols specified above, the following symbols are used to denote objecis of generic
mathematical expressions.

© 1SO 2003 — Al rights reserved 5
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Symbol Quantity

F mathematical function expressing a conversion

I input quantity of composition

(0] output quantity of composition

0 conversion factor

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

OFloP partial derivative (sensitivity coefficient)

r(P,0Q) 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 ferm for the amount of a comp@nent in a mixture is “content”. This term is intended for use only in
a purely destriptive or qualitative sense; and is, without further qualification, inappropriate and insufficignt to
express quaftitatively the amount of a_ component.

Quantitative ptatements require.the expression of content as a value (the product of a number and a unif) of a
“quantity of gomposition”.

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

In quantitativ

€ expressions of gas mixiure 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

© 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=1d86fa73fc717929e26c52b0acc9fe56

ISO 14912:2003(E)

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

P (3)

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

m .
) (4)
2. mi
k
If the amounts of the mixture components are quantified by volume, V4, 1570.., Vy, the volume|fraction ¢; of
any qomponent i is given by
V.
bi =< (5)
2V
k

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

ni
L=t 6
v (6)
If thefanalyte amount is quantified by mass, m;, the mass concentration g; is given by
m .
5, =—L 7
g (7)
If the|analyte amount'is quantified by volume, V;, the volume concentration o; is given by
78
b XX (8)
Vs

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.

© 1SO 2003 — Al rights reserved 7
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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

mixing,

W the

jiven
s are
state

If the restrigtion to homogeneous and stable mixtures cannot be guarapteed, then the way forw3rd is
inevitably complex. For instance, if the gas mixture is not stable at the relevantstate conditions, i.e. if chegmical
reactions befween mixture components take place, then the composition depends upon time and shall be
described agcordingly (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 conversjon between different quantities of composition uses the basic relations between the follpwing
quantities, which apply both to pure gases and to gas-mixtures:

— amount pf substance, »
— mass, m
— volume, |V

The relation pbetween amount-cf.substance and mass is given by Equation (9)

where M is trlle 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 s the pressure of the gas or gas mixture;

8 © 1SO 2003 — Al rights reserved
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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

m=pV (11)
wherg 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

_Mp
RT

b7 (12)

Thergfore, only two of these quantities are independent. In this/International Standard, thé conversion
betwgen quantities of composition is based on known values of M and Z.

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

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

s = D i (13)

k

Analggously, the mass mg of the gas\mixture sample is given by the sum of the component massgs.
ng = > my (14)
k

Whilg¢ amounts of substance and masses of mixture components are strictly additive, for compoment volumes
addit|vity is only an~approximation (though usually very good). The relation between the volume [’y of the gas
mixtre samplé anhd the component volumes at identical state conditions is as follows:

Vs S5 D Vi (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

© 1SO 2003 — Al rights reserved 9


https://standardsiso.com/api/?name=1d86fa73fc717929e26c52b0acc9fe56

ISO 14912:2003(E)

mixture at given state conditions (p,7) and the volume ¥(p.T,f) Of the same sample at specified reference

conditions (pef Tef), Using Equation (10).

V(p,T) _ prefTZ(psT)
V(PreﬁTref) PTrefZ(PreﬁTref)

5 Main procedures

5.1 Conversion between different quantities of composition

(16)

5.1.1 ConVersion of specified analyte contents

Conversion petween different quantities of composition refers to specified state conditions  (pressu
temperature [I') of the gas mixture under consideration. Conversion is performed by mdaltiplication W
conversion factor which in most cases is a quotient, composed of one or several quantities\.of the compo
under consideration and the gas mixture S. For example, mole concentrations c¢; are converted into

fractions w;

where

M;and M

Zg

Depending o

p, are selectgéd, the conversion factors can be expressed differently. In this International Standard, convg

factors are 3
these would

In Clause 7,

Except for conversion between mole’ fractions and mass fractions, conversion between different quantit

composition
the condens
erroneous off
gaseous ung
volume fracti

Table 1 speq

s follows:

are the molar masses of component i and mixtare S;
is the compression factor of mixture S atthe specified state conditions of p and T.

h which two of the three dependent quantities molar mass, M, compression factor, Z, and de

Iways expressed in terms of M and Z. To utilize density data of pure gases and gas mix
be converted into compression factor data according to Equation (12).

he determination of the input’quantities required for conversions is addressed.

s only applicableifithe state conditions (pressure and temperature) considered are well oy
misleading restlts are liable to occur. For example, if one of the components is not comp
on or by velume concentration (see 2.1).

ifies ‘@ complete set of conversion factors, expressed in terms of molar masses and compre

re p,
ith a
hent ;
mass

(17)

nsity,
rsion
ures,

es of
tside

ation region of thé gas mixture as well as of each of the components. Otherwise grossly

letely

er the state/conditions considered, then the content of this component cannot be specifigd by

ssion

factors of th

iven

quantity and

10

b r*nmpnnnnf and the mixture under consideration. To obtain a desired qn:mi‘ify, take g

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 Zs Ms Zs Zs Zs
! IsZ; M; a Z; aM;
4 fsZi 1 SsMs Z; IsZi y fsZi
i Zg ZgM; a N aM,
M; ZsM; 1 ZsM; ZsM; Zs
W —_— S e— —_— —_—
' Mg fsMs Z; aMg Mg z; aMyg
a a aMg 1 a 1
C: _ —_— -~ N
' Zg IsZ; ZsM; Zi M;
lof Z—’ i Mg Z; Z; 1 Z_l
i Zg fs ZgM; a aM;
M; M; M. M;
ﬂi aM; aM; aMg Mi aM; 1
Zg IsZ; Zs Z;
x; | is the mole fraction of component i M; is the malar 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
¢; | is the 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
B; | is the mass concentration of component i «a is the abbreviation of the quotient p/(RT)
NO['E All quantities refer to the specified state conditions (pressure p, temperature T') of the gas mixture under consideration.
5.1.2 Conversion of complete compositions
If thg composition for a‘gas mixture is completely known, that is, if the content of all mixture| components
inclugling the complémentary 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 comppund mixture
quanfities as sums-over component quantities, for example as follows:
/.
roR IR (18)
fS k
and
Mg =) x4 M (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[18l,

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, 1M,
xi 1 Zqﬁk/Zk ZWk /Mk
¢i Zkak 1 ZWka /Mk
M; M; 1Z;
w. ~ .,
! D x My, A !
a a alM;
C.: T~ 5 N TN . 5 as
! fs D x1Zy fsZi fs D Wi Zy | My,
Zi 1 Zi /Ml
O TN 5 - - TN . 5 as
! fs D xiZy fs fs D wiZi | My,
5 o aM; a
‘ Cs D x1Zi fsZi fs D wiZi | My,

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

9. (¢,) is the volumedraction of component i (k)

;(w,) s theamass fraction of component i (k)
is\the mole concentration of component i

o is the volume concentration of component i

is-the-mass-concentration-ef-compenent+
M, (M,) is the molar mass of component i (k)

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 T') of the gas
mixture under consideration.
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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 (ps,
performed by multiplication with a conversion factor as follows:

PreflZg (P7T)

Tref) is

i (Pref Tref ) = DTt Zs (Pref!Tref)Ci (p.T) (20)
R
a2
by (pretsTret) = fs (PrefTref ) Zs (P7T)Z,~) pref’Tref)¢i(p,T) (23)

fs (P’T)ZS (PrefrTref Z; (p,T)

Inste
fracti

bd of using Equations (20) to (23), conversion to_other state conditions could be performe
bns or mass fractions.

d using mole

Conv
and f{
com
com
com

ersion to reference conditions is only applicable if the reference conditions under consideratjon, pressure
emperature, are well outside of the condensation region of the gas mixture as well as of each of the
onents. Otherwise grossly erroneous ©r misleading results are liable to occur. For example| if one of the
onents is not completely gaseous under the reference conditions considered, then the content of this
onent 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 includg data for the
comgonent i.under consideration (the molar mass M;, the compression factor Z;) and data for the entire
mixtyre S (the molar mass Mg, the compression factor Zg, the mixing factor f;).

If thel 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 0.3-

Mixture [components can be pure gases and specified gas mixtures. For example, as dryainis 3 well
charactgrized gas with known molar mass and compression factor, a calibration gas mixture*of’'SO, |n dry
air is copveniently treated as a 2-component mixture instead of a mixture of SO,, N,, O,,'Ar;CO, et¢.

If the cdmposition of the gas mixture is not specified completely, the strategy for estimating convgrsion
factors depends on the mixture property data involved, the target conversion uncertainty and the avajlable
informatjon on mixture composition. These procedures will normally be applied/in the case of andlysed
mixtureq, where most often only specified analytes have been determined quantitatively, whilg the
composition of the complementary gas (matrix) is less well known.

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

Even if the cpmposition of a gas mixture is not known completely, it can be expressed as a mixture consjsting
of the specified analytes and a semi-quantitatively specified matrix.“Then the conversion procedure accqrding
to a) can be|used, where the relevant property data of the matrix are estimated with appropriate uncerfainty

from available information.

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

6.2 Conveérsion of single analyte contents

When the tagk is to convert single analytescontents, and complete mixture composition data are not available,
then the appropriate conversion factor in Table 1 needs to be selected. Next, the constituents df the
conversion fhctor are examined as to/whether appropriate data are available or can be estimated psing

available infgrmation as follows.

14

For M,, [the molar mass..of the specified analyte, take the value from an acknowledged referente or
calculatg it according to ¥7:1.1.

For Z, the compression factor of the specified analyte at specified state conditions (p,7), which is
normally not avaifable in published data compilations, calculate the value from tabulated virial coeffigients
accordir|g to{7¥1.2.

For MS’ e motarmassof-the gas llli)\‘lulc, whichis ||U||||aHy rot-avaitabte-in pubiiohcd cata bUIIIp“d iOI’]S,
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,T), 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 fs, 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 ¢, the quotient p/(RT), the value is known.
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In summary, in the absence of complete and accurate mixture composition data, conversions involving the
molar mass of the mixture cannot be undertaken except in special cases. Conversion involving the
compression factor and/or the mixing factor of the gas mixture can be performed, using simple estimates
which do not require detailed mixture composition data.

6.3 Conversion of complete compositions

When complete mixture composition data in mole fractions, mass fractions or volume fractions are available,
and if the task is to express any of these in terms of another quantity of composition, the required conversion
factor in Table 2 is identified. Next, the constituents of the conversion factor are examined as to whether
appropriate data are available or can be estimated using available information. Besides the composition data,
thesd data will be obtained as follows.

— [or M; (M), the molar mass of the specified analyte and other components, takeythe value from an
cknowledged reference or calculate it according to 7.1.1.

— For Z; (7;), the compression factor of the specified analyte and other componients, which is|normally not
vailable in published data compilations, calculate the value from tabulated virial coefficients| according to
1.2,

— or f, the mixing factor of the gas mixture, which is normally not available in published data fompilations,
e value generally can be taken as unity except for special cases/strong interactions).

— [ror ¢, the quotient p/(RT), the value is known.

6.4 [ Conversion between state conditions
Conversion between different state conditions mainl;*requires compression factor data for th¢ component
undef consideration and for the entire mixture at\the specified state conditions. As for convergion between
different quantities of composition, the main_problem is the lack of gas mixture data, and the strategies
specified in 6.2 and 6.3 for handling these“problems are also applicable to conversion bx}tween state

condjtions. Since the molar mass of the gas;mixture is not involved, problems related to the estifnation of this
quantity in absence of complete and acCurate composition data are not encountered for such conpersions.

6.5 | Simple approximations-applicable to conversion

6.5.1| ldeal mixture of idéal gases
An ideal mixture of ideal’gases is characterized by the following conditions:
— Uinity mixingtfactor fo=1,

— Uinity, component compression factors Z=1.

AS aleshseauence tha mivtiirn ~aranracoian fantar Ariale piaidy tan 1~ 7 — 1. Thic in turn7 |mp||es that

COTToTUUTTHCC Tt T ATOT T SO P o S oToT o CtoT— o oo oty (OO0 =22 T TS

component mole fractions, volume fractions and volume concentrations take the same values, i.e. x; = ¢, = ;.
The model of an ideal mixture of ideal gases may be applied to all gas mixtures and provides a useful first
approximation. For gas mixtures containing condensable components, the level of conversion error due to this

approximation is typically 1 % relative. For mixtures of permanent gases, this conversion error can be much
less.

6.5.2 Ideal mixture of real gases
An ideal mixture of real gases is characterized by the following condition:

— unity mixing factor g =1
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This implies that component volume fractions and volume concentrations take the same values, i.e. ¢, = o;.

The model of an ideal mixture of real gases may be applied to all gas mixtures. In almost all cases, it can be
expected to provide an accurate approximation that is sufficient for every practical purpose. Exceptions are
gas mixtures with strong intermolecular forces such as azeotropic mixtures. For other gas mixtures, the level
of conversion error due to this approximation is typically 0,3 % relative.

6.5.3 Trace gas mixture

A trace gas mixture consists of a complementary gas 1, and a number of components 2, 3, ...N, all of which
are only present in small amounts. Therefore the compression factor, density and molar mass of the mixture
are approxinjately given by those of the complementary gas, i.e. Zg = Z;, pg = py, Mg = M,. Furthermare, the
mixing factorlmay be taken as unity, i.e. fg= 1.

For mixtures|where the content of the complementary gas is above 90 %, the level of conversion uncerfainty
due to this approximation is typically 0,5 %, except for conversions involving mass fractions.

7 Input quantities and their uncertainties

7.1 Pure gas data

7.1.1 Molal mass

The molar miss of a pure gas is calculated from the molar masses>of the elements according to its molgcular
formula. Thg molar masses of the elements shall be taken from the most recent IUPAC compilation| (see
Reference [6] for the current version).

NOTE Infthe IUPAC compilation, the molar masses of the elements are referred to as “atomic weights”.
The standarq uncertainty of the molar mass of a pur€ gas is calculated from the standard uncertainties ¢f the
molar massgs of the elements concerned as thé.positive square root of the corresponding sum of sqgpares

(see Reference [3]).

As an example, for a pure gas with molecular formula A B,C_. the molar mass M and its standard uncertainty
u(M) are givgn as follows:

MZLZMA +bMB +CMC (24)

uz(M):azuz(MA )+b2u2(MB)+czu2(MC) (25)
where

My, Mg, |Mg are the molar masses of elements A, B, C, respectively;

u(Mp), u(Mp), u(Mg) are the standard uncertainties of My, Mg, M, respectively.

Information on the uncertainty of the molar mass of elements is given in References [6] and [7]. For the most
common elements occurring in gases, such as H, He, C, N, O, F, Ne, S and ClI, the relative standard
uncertainty of the molar mass is about 104 or less and for the molar mass of the most common pure gases
the relative standard uncertainty is of the same order of magnitude.

A compilation of molar masses, including uncertainty, for gases and liquids occurring as specified components
of gas mixtures is given in Annex C.
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7.1.2 Compression factor

For most pure gases, the compression factor at room temperature and atmospheric pressure differs only
moderately from unity. For pure gases occurring as natural gas constituents, compression factor data at
common reference conditions (101,325 kPa, 0°C and 15°C) are given in References[8] and [9].
Reference [10] contains an extensive compilation of compression factor data for gases at normal reference
conditions (101,325 kPa, 0 °C). A related compilation of compression factors for gases at 100 kPa and 15 °C,
calculated from virial coefficient data in Reference [10], is given in Annex C.

Information on the uncertainty of tabulated compression factor data may be obtained from the number of
significant digits specified. For details, the references should be consulted on their rounding procedure.

For gstimating the compression factor of a pure gas at state conditions far outside the condengation region,
the nmpost important tool is the truncated virial expansion, using tabulated virial coefficients:This is because
compression factors, if available at all in gas data compilations, are most often tabulated |for selected
refergnce conditions only. If, for the state conditions under consideration, compression factor |data are not
available, they can be calculated approximately from second pressure viriglicoefficient | data, using
Equation (2) truncated after the linear term:

Z(pT)=1+B(T)p (26)
wherg
X(p,T) is the compression factor at pressure p and temperature T;

B'(T) isthe second pressure virial coefficient at temperature T

Equation (26) is applicable at state conditions whereithe density of the gas is less than 50 %|of its critical
densijty (see Reference [11]).

In the temperature range between 0 °C and.30°C, the virial coefficient B'(T) can be calculated gpproximately
by linear interpolation as follows:

’ ’ ’ ’ t
B'(T) =By +(B3o - By) == (27)
30
wherg
i is the temperature, expressed in degrees Celsius, corresponding to 7, the temperature [expressed in
kelvins;

By s the second pressure virial coefficient at 0 °C;

B30 \is the second pressure virial coefficient at 30 °C.

Annex C contains an extensive compilation of second pressure virial coefficients at 0 °C and 30 °C taken from
Reference [10]. In Reference [12], among others, a large body of experimental gas data has been compiled in
the format of parameters of empirical equations by which second molar-volume virial coefficients B(T) can be
calculated approximately over specified temperature ranges. Other sources of molar-volume virial coefficient
data are References [9] and [13].

For use in Equation (26), molar-volume virial coefficients B(T) have to be converted to pressure virial
coefficients B'(T) as follows:

B'(T)=—— (28)
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For compression factor calculations using Equation (26), the uncertainty due to truncation of the virial
expansion can be estimated as follows. According to Reference [11], the compression factor lies between the
approximate values obtained from Equations (1) and (2), respectively, both truncated after the linear term.
Assuming this, the maximum error of Z calculated by Equation (26) is (1 — Z)2/Z. Through division by\/f)T this
maximum error is converted to a standard uncertainty (the standard deviation of a rectangular distribution
between the error bounds).

EXAMPLE For Z= 0,9, the maximum relative error is about 1 % and the relative standard uncertainty is 0,6 %. For
Z = 0,95, the maximum relative error and the relative standard uncertainty are reduced to 0,25 % and 0,15 %, respectively.
At state conditions well outside the condensation region compression factors below 0,95 are exceptional.

For interpolagi de-to—taek—o a

estimated or the basis of empirical studies ( ) in which the interpolation error was-found to
be at most R % relative. Through division by\/§, this maximum relative error is converted to_ a-relative
standard undertainty of 1,2 %.
Conversion pf molar-volume virial coefficients to pressure virial coefficients using Equation (28) does not
introduce any additional uncertainty.
The overall dtandard uncertainty of compression factor data determined according.tothis clause is calcylated
by combining the standard uncertainties on the input data and the standatd uncertainties due tp the
approximati procedures involved, as the positive root of the corresponding sum of squares|(see
Reference [3])). For example, if compression factors Z(p,T) are calculated.from virial coefficients B and B3q
according to [Equations (26) and (27), the overall uncertainty is given by.cembination of
a) the uncgrtainty due to truncation [Equation (26)],
b) the uncgrtainty due to interpolation [Equation (27)],
c) the uncgrtainty of the input virial coefficient data,
as follows:
4
2 2 20, (1-2)
u(Z)4 pu + (29)
(2)1 0% (B) =
where
130> ¢
u?(B')+ (0,012)23'2(—2)+u2(3;,at) (30)
(15)

In Equation (30), the-first term on the right-hand side is the uncertainty contribution due to interpolation €frors,
which was egtimated above as 1,2 % relative at the maximum, assumed to occur at midrange, ¢ = 15 °{, and
decreasing fowards boundaries, 0 °C and 30 °C. The second term, uZ(Bgat)accounts for the average

uncertainty o

NOTE

f the virial coefficient data By and Bjg.

uncertainty is used in Equation (30).

As a rule, estimates of By and Bjp have at least 80 % of error in common. Therefore a joint average

For the virial coefficient data in Annex C, a rough estimate of the average uncertainty uZ(Bgat) of the virial
coefficient data By and Bjg is also given.

18
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7.2 Gas mixture data

7.21 Molar mass

For conversion of complete compositions according to 6.3, the molar mass of the mixture under consideration
is not required. This subclause therefore refers to conversion of single analyte contents according to 6.2, as
far as estimation of molar masses from available information on mixture composition is concerned.

Molar masses of gas mixtures have only been tabulated in exceptional cases, for example for dry air (see
References [8] and [10]). Therefore, as a rule, the molar mass of a gas mixture has to be calculated or

estimated on the basis of information on its composition.

The llnolar mass of a gas mixture can be calculated from its molar composition and from the(mel

the ¢

The s
accu
comp
on th
conts
the o

bmponents according to Equation (31).

tandard uncertainty on an estimate of the molar mass of a given mixttre/from composition d
acy is obtained by uncertainty propagation on Equation (31) fron» the standard uncerts
onent molar masses and from those of the component mole fractions. How this is done in d
e error structure of the composition of the gas mixture. Thé.most usual case is that the
ins a balance component N, whose mole fraction is determined by difference, while the mol

Ar masses of

(31)

ata of limited
inties of the
btail depends
gas mixture
e fractions of

ther components are determined independently. Equation\(31) can then be rearranged by ¢limination of

the mpole fraction of the balance gas as follows:
N-1
Mg = My + > x; (M — My ) (32)
i=1
In this case, the standard uncertainty of the-melar mass of the gas mixture is given by
2
) N-1 ) N-1 - N-1 2 5
(MS): 1—2)6[ u (MN )+Zx[u (M,)-i—Z(Ml —MN) u (xi) (33)
i=1 i=1 i=1
In other cases, for example-if all components were determined independently, and the raw mole fractions
were| normalized to unity;”the correlation of errors in composition data has to be taken intq account by
inclugion of covariance-terms in calculating the uncertainty (see 8.3 and 8.4 for procedures gnd Annex D,
Example 2 for an €xample).
Most| often, .in~Equation (33), the last term, associated with the uncertainty on the composition data is the

domi
gase

nant, contribution, and the other terms, associated with the uncertainty on the molar ma
5 can.be neglected.

sses of pure

If the composition of the gas mixture under consideration is given in mass fractions or volume fractions, the
molar mass of the mixture can be calculated from the component molar masses using the appropriate
summation relation from Annex B. For instance, if the composition is given in mass fractions, the molar mass
of the mixture is calculated as follows:

‘g

1
=2 (34)

S =1

<

1

The uncertainty analysis for this calculation follows the same principles as those for calculations on a molar
composition basis.
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If the available information on the composition of the gas mixture under consideration involves concentrations,
these may be converted into appropriate fractions using the ideal-gas approximation according to 6.5.1, which
are then used to estimate the molar mass of the mixture.

7.2.2 Compression factor

For conversion of complete compositions according to 6.3, the compression factor of the mixture under
consideration is not required. This subclause therefore refers to conversion of single analyte contents
according to 6.2, as far as estimation of compression factors from available information on mixture
composition is concerned.

Compressiorj Tactor data of gas mixiures have only been tabulated In exceptional cases, for example_1or dry
air (see Refe¢rences [8] and [10]). Therefore, as a rule, the compression factor of a gas mixture has’fo be
calculated or{estimated on the basis of information on its composition.

The compregsion factor of a gas mixture can be calculated from its molar composition, and from the
compression|factors of the components according to Equation (35).

ZS =fSle~Z[ (35)

In Equation {35), it is understood that all quantities, which depend on<the state conditions, refer tp the
specified pregsure p and the specified temperature T of the gas mixture,

Unless specific information is available, the mixing factor of a gas,mixture is taken as unity (see 7.2.3).[Then
Equation (35) can be reduced to an equivalent of Amagat's Law,

Zs = Q| XiZ; (36)

i N\ =

The standand uncertainty of mixture compression factors calculated by Equation (36) is obtaingdd by
combination pf

a) the uncdrtainty due to the error in approximating the mixing factor by unity,
b) the uncgrtainty of the component,compression factors, and
c) the uncdrtainty of the component mole fractions.

The uncertaipty related to,approximating the mixing factor by unity is given by (see 7.2.3)

1 =
2.
i=1

23 (z,-7 ) 37)

M=

”r%ix (ZS ) 2

N

i+1

The other contributions b) and c) to the calculation of uncertainty associated with Equation (36) are calculated
in @ manner similar to that used in 7.2.1.

Except for standard reference conditions, where tabulated component compression factors may be available,
Equation (36) will be combined with the truncated virial expansion of component compression factors
according to Equation (26), i.e.

Zi(p,T) =1+ By(T)p

The combined procedure is equivalent to using the truncated virial expansion for the whole gas mixture and
expressing the mixture virial coefficient as a sum of component virial coefficients according to
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B = inB;-

Therefore the relevant application range is that of the truncated virial expansion of the whole gas mixture. This
approximation is applicable at state conditions (pressure p, temperature T) where the density of the gas
mixture is less than 50 % of its pseudo-critical density (see Reference [11]). Clause A.2 in Annex A specifies
how this criterion can be applied in practice, using critical data of the mixture components.

Note that the truncated virial expansion may be applied to a whole gas mixture at state conditions where it
breaks down for some individual components.

Starting _from Amagat's Law, Equation (36), additional approximations, tailored for cases of practical

impo
of on
apprd

If the|

e or several analytes and a balance gas, the compression factor of the balance gas)is
ximation of the compression factor of the gas mixture.

of th¢ mixture can be calculated from the component compression factors using the appropriat

tance can be derived. For example, if the gas mixture under consideration is composed of,tface amounts

an accurate

composition of the gas mixture under consideration is given in volume fractions, the compiession factor

B summation

relatibn from Annex B, as follows:
N
1 ,
1S > i (38)
s Zs 4 Zi
The Wincertainty analysis for this calculation follows the same principles as those for calculations on a molar
composition basis.
If the|available information on the composition of the gas.mixture under consideration involves other quantities
than mole fractions or volume fractions, these may bet¢converted into appropriate fractions using the ideal-gas
apprgximation according to 6.5.1, which are then uséed to estimate the compression factor of the rixture.
In anly case, the mixture compression factor may be estimated using the simple approximations|according to
6.5.
NOTEH For natural gas refined procedures for calculating compression factors from composition, [or from other
physig¢al property data are given in Parts\4 to 3 of ISO 1221314151 [16] and in a monograph published by GHRGI'7].
7.2.3] Mixing factor
An eltimate of the mixing factor may be required for the conversion of the contents of a s|ngle analyte
accolding to 6.2 as well-as for conversion of complete compositions according to 6.3.
Unlegs there are\strong interactions between mixture components, as for example in azeotropic mixtures, the
mixing factor\of/a gas mixture at state conditions well outside of the condensation region is close to unity.

Thergfore,in absence of any specific information, the mixing factor f is taken as unity. Th

asso

Ciated with this approximation is estimated as follows:

)

-

uncertainty

NOTE
coefficient B

N
2
i

2z -z)°

2
kakJ

D x

=i+1

|

i=1j

1
2 N

2.

k=1

’

i

Reference [19]).
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(39)

This uncertainty estimate is based on the observation that in the vast majority of cases the interaction virial
for two gases i and j takes a value between those of the virial coefficients B; and B, (see

21
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If the available information on the composition of the gas mixture under consideration involves other quantities
than mole fractions, these may be converted into mole fractions using the ideal-gas approximation according
to 6.5.1, which are then used for an uncertainty estimation according to Equation (39).

For mixtures of non-polar gases at standard reference conditions, the standard uncertainty according to
Equation (39) is of the order of magnitude 10-3.

7.3 Rough uncertainty estimates

For component and mixture data determined according to the methods specified in 7.1 and 7.2, the overall
standard uncertainty can be estimated roughly as follows.

— For component data:

u( i)zO (40)
1- 7.
u(zi)JﬁZl' (41)
—  For mixture data:
N-1 2 5
u( Mg )= (My —My ) u”(x;) (42)
k=1
1-Z
o) ﬁ” (43)
u(js)zo (44)

In Equation (42), the Nth component is the balance gas, whose amount in the mixture is determingd by
difference. Bquations (41) and (43) are not. applicable if, on the basis of the ideal-gas approximption,
compression|factors are estimated to be.equal to unity.

Improved urfcertainty estimates for~component and mixture data, and for conversion factors derived|from
these data, gre obtained by detailed-calculations of uncertainty, as specified in 7.1, 7.2 and 8.

8 Conversion uncertainty

8.1 General considerations

For most practical applications, calculations of conversion uncertainty carried out in accordance with the
procedures described in this subclause require machine computation. The mathematical expressions which
arise can appear complex, but are quite straightforward to perform within a well-designed computer
programme. One such programme, which is available for this purpose, is described in Annex E. The user of
this International Standard would be well advised not to attempt hand-calculation except for

a) the simplest cases, and

b) programme validation.
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Conversion of single analyte contents

Conversion of single analyte contents between different quantities of composition is performed by
multiplication with a conversion factor according to the schematic equation

O0=0x]

where

1

is the input (given) quantity;

(45)

Provi
quan

Using

In ge
cons

5 the output{wantedjquartity;
2 is the conversion factor.

ded that the value of the conversion factor has been determined independently. from tha
ity, the standard uncertainty on the output quantity is given by

[

relative standard uncertainties, v(x) = u(x)/|x|, the last equation.is simplified to

u(]

_T

1

4(0)
o

u2)
0

#(0)=v2(2)+v2(1)

neral, the conversion factor is a product or a_guotient involving quantities of the comq
deration, quantities of the mixture under consideration, and the quantity o = p/RT characteri:

of the input

(46)

(47)

onent under
ring the state

cond|tions under consideration. Schematically
_ KxLx... (48)
PxQOx...

Due {o this structure of £, the relafive'standard uncertainty of the conversion factor is given by

2(.Q)=v2(1<)+v2(L)+ +v2(P)+v2(Q)+ (49)
This flequation is based”on the assumption that the values of the constituents X, L, ..., P, O, }. have been
determined independently. Otherwise, correlations have to be considered and incorporated if signjificant. In the
samg manner, ifithe value of the conversion factor has been estimated using the value of the igpput quantity,
this dorrelation.\has to be considered, and incorporated, if significant.
In allfuncertainty calculations, it will be assumed that the state conditions (pressure p, temperafure T') under
consideration are specified without uncertainty. In addition, the uncertainty of the molar gas constant, R, will

be neglected.

NOTE For conversions involving inaccurately specified state conditions, the uncertainty calculations would have to be
amended correspondingly. These amendments would not only include additional terms v2(p), v¥(T) or similar, but also
covariance terms, resulting from correlation of errors in state conditions with errors in state-dependent quantities involved
and from correlation of errors between state-dependent quantities.

As an example, consider the conversion equation of mass concentration into mole fraction as follows:

V4
X =ﬁﬂi (50)
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Assuming that the state conditions under consideration are specified without uncertainty, and neglecting the
uncertainty of the molar gas constant R, the relative standard uncertainty, v(x;), of the mole fraction x; is
calculated according to

vz(x,-):vz(ZS)+v2(Ml~)+v2(ﬁi) (51)
This uncertainty calculation is based on the assumption that the quantities Zs, M; and g; were determined
independently, or that correlations occurring are not significant. This is not true, if the mixture compression
factor was calculated from composition, and if its value is strongly dependent on the concentration of the

analyte under consideration.
Since the mqglar masses of pure gases are very accurately known (see 7.1.1), the uncertainty v(/;) wilkugually
be negligible] Then the uncertainty for the conversion of mass concentration into mole fraction is simply given
by
vz(x,-)::vz(ZS)+v2(ﬂ,-) (52)
Other convefsions may be treated analogously, provided that they use exclusively available mixture |[data,
which were gdetermined independently.
If mixture data required for calculation of conversion factors are not available, these data may be estimated
from pure gas data and composition data using the methods specified_if i/.2. Consequently, the resplting
conversion factors are dependent, among others, on the content of the component under consideration| This
implies a cofrelation between errors in the conversion factor 2 and\in the input quantity 7 that has fo be
included in the calculation of uncertainty.
Schematically, if £2depends on I, the calculation of uncertainty‘for Equation (45) is given by
2 2 2 I 002 o
0)4 Q)+ I)+2— — 1 53
v2(0)4v2(@)+v2 (1) +25 S2v2(1) (53)
In this equatipn, the correlation term can be neglected with respect to the term v2(J), if
1 02 < 0,1 (54)
Q oI

If ©2 containg
component |

If the conditiq
case conside
the mixture

component

nder consideration_contributes at most by 10 % to the mixture property concerned.

n according;to Equation (54) is fulfilled, Equations (46) and (47) remain valid. For example,
red above, the calculation of uncertainty according to Equations (51) and (52) is also applica
compression factor was estimated from composition, provided that the contribution due t
nder. consideration does not exceed 10 %.

a single average,.€ither in the numerator or in the denominator, this condition means that the

n the
ble if
p the

Otherwise, uncertainty propagation on the basic input data, i.e. mixture composition data and component
property data, has to be used (see 8.3).

8.3 Conversion of complete compositions

Conversion of complete compositions is performed using the appropriate conversion factor taken from
Table 2. According to this procedure, the input fraction under consideration (e.g. w;) is multiplied by a factor
consisting of mixture composition data expressed in the same fractions (w;) and component property data (17,
and/or Z). In addition, the quotient & = p/(RT) and the mixing factor f; can occur.
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As an example, mass fractions can be converted into mole fractions according to

=i M (55)
ZWk /Mk
k
The general structure of the conversion equations obtained in this manner is as follows:
O, =F; (I, I3, ... Iy My, My ... My , Z4, Z3, ... Zy , [5, @) (56)
where
D, is the content of component i expressed in terms of the output quantity;
I; is the mathematical function expressing the conversion for component z;
1; is the content of component i expressed in terms of the input quantity;
I, (k#i)  is the content of component k expressed in terms of the input‘quantity;
M; (M) is the molar mass of component i (k);
1. (Z)) is the compression factor of component i (k);
S is the mixing factor of the gas mixture S;
Y is the quotient p/(RT).
The standard uncertainty for a single output quantity O; determined according to Equation (56)) is given by
compiination of the uncertainties associated with the input quantities as follows:
N (o) 4 (or ) oF; )
2 j 2 j 2 j 2
2(0) =2 | W (Ze R o | et (M )+ | e ()
=\ 9Z; =\ oMy, ofs
- ) - (57)
N N-1 N
+Z(ai] 2(1)+2Y (aij[aiju(lk 1)
i\l pei et APINC
wherg, with P and,Q representing any of the quantities occurring on the right-hand side of Equatidn (56),
4(P) is the standard uncertainty of the quantity P;
#2(P) is the variance of the quantity P (squared standard uncertainty);

u(P,Q) is the covariance of the quantities P and Q;

OF;/0P is the partial derivative with respect to the quantity P.

In the calculation of uncertainty according to Equation (57), the uncertainty u(«) has been considered
negligible. The mixing factor f;, if relevant, will normally be considered to be equal to unity. Then u(f;) is the

uncertainty associated with this estimate (see 7.2.3).

The last sum in Equation (57) takes into account that complete compositions are always significantly
correlated, due to the fact that the contents of the mixture components, expressed in fractions, by definition

add up to unity.

© 1SO 2003 — Al rights reserved
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In cases where the gas mixture contains a balance component, N, whose content is determined by difference,
while the contents of the other components are determined independently, explicit use of correlations can be
avoided by elimination of the content of the balance gas. However this approach is generally not applicable
and has computational disadvantages. Therefore, in this International Standard correlation among
composition data is fully addressed. Procedures for determining the variances and covariances of input
composition data are specified in 8.5.

The calculations of uncertainty for conversion of complete compositions, as given by Equation (57), are
conveniently performed using numerical differentiation in a spreadsheet implementation, as outlined in 8.4.

Stand-alone calculations of uncertainty for single conversion results O; are perfectly sufficient as long as the

quantities O,rare-used-siricty-individuaty—Hewever—if-several-of-these arc used-r-the-same-application their
mutual correlatlon has to be taken into account. This correlation is quantified by the covariances!u( ,.,Oj)
which are calculated from the input data variances and covariances as follows.

o[ oF ) 9F; ) > < oF [ OF ) 2 oF V(0 ) 2

(9000 = 2| 27 | 2z )P0+ L gy g ) )\ 3 s VR
priNEA k =1\ OM k s )\ s
N N-I N OF; oF. \( OF;
2
+Z(6I j(al J” )+, 2 Kal j{ o JJ{YJ o gpeten) (58)

=1\ "k k k=1 I=k+1 k ! ! k
In this equatipn, the symbols are the same as those in Equation (57).
Calculation df output data covariances for conversion of complete conpositions, as given by Equation (§8), is

conveniently

8.4 Uncer

performed using numerical differentiation in a spreadsheet implementation, as outlined in 8.

tainty calculation using numerical differentiation

Schematically, the calculation of uncertainty for a quantity Y, specified as a function of several input quantities
P, O, ... takes the form
or)? or ) ov\( oy
2 2 2
Y)q4| — P)+| — + 2| — || — |u(P,Q)+ ... 59
) (an (P (GQJ e (aPJ(aQJ”( ) %)
In this equation, the products (2¥/0P)u(P), (0YI0Q)u(Q), etc., consisting of a derivative and the stapdard
uncertainty of the input quantity. €éncerned, can be approximated by finite differences as follows:
N u(lp) = Y[ P+u(P)/2]-Y[ P—u(P)/2] (60)
oP
If in Equatiof (59)\Correlation terms are absent or insignificant, the standard uncertainty u(Y) is obtaing¢d by
This

calculating t}I;ese differences, one for each input quantity, and taking the root of the sum of squares
computation i i

).

If correlations are included, the same technique is applicable. Then input covariances u(P,Q) are expressed as

a product of the standard uncertainties u(P),

u(Q) and the correlation coefficient #(P,Q).

u(P.Q) = r(P.Q)u(P)u(Q) (61)
With this presentation of the covariances, a correlation term is expressed as follows:

oY \[ oY oY oY

(EJ(@]M(RQ) H apj (p)} H@JM(Q):I H(P.0) 62)
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Using the finite-difference approximation according to Equation (60), correlation terms are calculated from
products of differences and correlation coefficients. Inclusion of correlation terms can be easily implemented
in the spreadsheet technique.

The finite-difference approximation is equally applicable for the calculation of output covariances, as given by
Equation (63).

u

All the

or
oP

ar
oP

oY

o0

oY’
0

()=

[&)o(5)

(63)

and t
8.5

8.5.1

The

proce
analy
is the

For 4
relev
case
unce
howsg
procs

Cova
with

thesdq
perfo
comg
calcu

8.5.2

8.5.2

By d

masyq fractions:and volume fractions. In gas analysis, this fact is used to for two different purposes:

a)

farmma A~ ey s DAy i
o OCtourm Mg =quationT—

he input correlation coefficients.
Variances and covariances of input composition data

General procedure

ariances and covariances of input composition data are obtained from.the uncertainty an
dure by which the input composition was determined. In the case of“an analysed mixtu
tical procedure or a combination of different analytical procedures.(h'the case of synthetic
preparation procedure, but often this is combined with analyticalprocedures for verification

specified analyte content, the variance is obtained by combination of the variances associ
ant parameters determining the result of mixture analysis, or mixture preparation, respeg
of correlations between relevant parameters, covariances have to be included in the calc
tainty. The general format of these calculations<is' the same as that of Equation (57).
ver, such correlations can be avoided by going back to the basic input variables of f{
dure or the preparation procedure.

riances for the contents of different analytes are obtained by combination of the variance
any relevant parameters in common and the covariances between any of these. The gene

but quantities

blysis for the
re, this is an
mixtures, this
pnalysis.

ated with the
tively. In the
ilation of the
Most often,
he analytical

s associated
ral format of

calculations is the same as that ©f Equation (58). But even if the determination of differe
rmed independently, i.e. without significant errors in common, completion and nor
osition data give rise to significant correlations. Covariances associated with these co
lated according to 8.5.2.

Correlation effects\in complete composition data

1 General

finition, iMrany gas mixture the mole fractions of all mixture components sum to unity. This is

analytes is

t
}\alization of

relations are

also true for

p.

_eompleting mixture composition data when the fraction of the balance gas was not determn

ined;

b)

for correcting raw composition data by means of a normalization factor.

In both cases, the result is a composition data set where the fractions of the specified components sum to
unity. This implies significant correlations between errors of component fractions which have to be accounted
for in the calculation of uncertainty.

8.5.2.2 Balance-gas fraction by difference

Most often in complete mixture analysis, the fraction of the balance gas is not determined directly. Instead, it is
calculated by difference from 1, i.e. by summing the fractions of the other components and subtracting this
sum from 1.
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Consider a gas mixture with components 1, 2, ..., N where N is the balance gas. Let the other analytes be
determined independently, in terms of mole fractions x4, xo, ..., x5_4, With uncertainties u(x,), u(xy), ..., u(xy_4)
and no covariances between any x;. Then the mole fraction of the balance gas and its uncertainty are given by

N-1
xy =1-x (64)
i=
2 o
u (xN ): u (x[) (65)
i=1
Errors in mgle fractions x4, x,, ..., x5_4 in Equation (64), while completely independent, cause errors-in the
mole fractior] x,. Due to this correlation of errors, there is a covariance between the balance gas@nd gny of
the other components as follows:
u(x,-,xN)zu(xN,x,-)=—u2(xl») (66)

These covar
X1, Xz, weey XN.

8.5.2.3

In natural gas analysis, the content of the main component (methane) is often determined directly

standard pro|

Normalization using a factor

ances have to be included in the calculation of uncertainty for any conversion of the compo

cedure is to normalize the raw mole fractions, x), x5, x'y, by application of a normalij

sition

The
ation

factor 1/2 x/, |as follows:
x .
X; = T— (67)
2 fk
k=1
Let the raw ole fractions x, x5,..., x'y, be determined completely independently, with uncertainties u(x'1),
u(x'z), vy U x’N) and no covariances between any x). An error in any raw mole fraction in Equation (67) will

cause an err

this correlatipn, there is a covariance (between any two normalized mole fractions, as given by Equation|

In addition {
fractions acc

uz(xi)

br in the normalization factor-and through this an error in each of the normalized fractions. D

o effecting correlations, -however, normalization also changes the variances of the ar
brding to Equation (68y:

2

1

(1—2x,~)u2(x'l-)+x éuz(x'k)

5

’
k

ue to
(69).
alyte

(68)

b

k=1

u

xi,xj

):

N
—X[T/lz(x!‘ )—xj uz(x'l-)+x,~xj Zuz(x,k)
k=1

]

N

2.

k=1

(69)

Both the changed variances and the additional covariances have to be included in the calculation of

uncertainty for any conversion of the composition x4, x, ...

28

,xN.
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9 Application recommendations

Gas mixture composition should normally be specified in mole fractions, unless there are specific reasons to
use other quantities of composition. The use of mole fractions is recommended because these quantities are
strictly independent of state conditions, and in contrast to mass fractions, provide a good approximation to
volume fractions, which are relevant in many applications.

The level of conversion uncertainty should be targeted to match the uncertainty on the input composition
under consideration. It would, for example, be a waste of effort to estimate a conversion factor with an
uncertainty of 0,1 % relative, using elaborate calculation methods, if the input quantity to be converted has an
uncertainty of 10 %.

For {
analy
sche
asso
conv
the n

In af
a pa
proce

For t
use t
of mi
requi
unce

For d
input

he main conversion calculation between different quantities of composition for a single
te content, use the relevant conversion factor from Table 1. Select the most relevant a
me for the mixture under consideration from those given in 6.5.1 to 6.5.3, then derive
ciated uncertainties) of any physical properties of the analyte and the mixture requdired as
prsion factor using the procedures given in Clause 7. For the estimation of eonversion ung
ethods described in Clause 8.

ew rare instances, none of the approximations given in 6.5.1 to 6.5.3 might be considered a
dures given in Clause 7.

ne main conversion calculation between different quantities\of composition for a complete
kture components required as input for the conversion factor using the procedure given in
[ed, estimate the mixing factor (including uncertainty)according to 7.2.3. For the estimation

tainty, use the methods described in Clause 8.

onversion to reference conditions, if necessary, use Equations (20) to (23), with the data
being derived from the same considerations as used in 8.5.2.2 or 8.5.2.3 above.

or specified
pproximation
values (and
input for the
ertainty, use

ppropriate for

ticular gas mixture. Nevertheless, appropriate input data for Table\1 can still be calculated using the

composition,

he relevant conversion factor from Table 2. Calculate compression factors (and associated fincertainties)

7.1.2. If also
pf conversion

required as
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Annex A
(normative)

Assessment of state conditions

A.1 Use of saturation vapour pressure data to assess potential condensation

A.1.1 Genlral

This clause {
potential con

A.1.2 Pure

At pressure
saturation va

Since satura
extended as
p is below th

Saturation va

of pure sul
Reference [1

A.1.3 Gas

At pressure
pressure pe

As in A.1.2,
completely g

If measured
and the satu

1

fion vapour pressure increases monotonically with increasing témperature, this criterion m

pecifies methods for assessing specified state conditions (pressure, temperature) with resp
densation of gas mixtures and their components, mainly using saturation vapour, pressure da

gases
p and temperature T a pure substance is completely gaseous if ¢the pressure p is belo

pour pressure Pvap(T) of the substance at temperature T.

follows. At pressure p and temperature 7, a pure substance\is completely gaseous if the pre
b saturation vapour pressure pvap(T') of the substance at\any temperature 7" < T.

pour pressure data of pure gases are available from'compilations of physico-chemical prop

0] (see in particular references C.16 to C.21 in"Reference [10]).

mixtures

p and temperature T, a mixture S-is completely gaseous if the pressure p is below the
s (T) of S at temperature 7.

this criterion may be extended as follows. At pressure p and temperature 7, a mixturg
pseous if the pressure\pis below the dew pressure pye,, 5 (7") of S at any temperature 7" < 7]

data are not available, the dew pressure of mixtures may be estimated from molar compo
ation vapour{ptressure of mixture components as follows:

Pdew,s

X
Pvap,i (T)

A%

1

bct to
ta.

v the

by be
Ssure

brties

stances, see for example References[11] -and [12]. Additional references are givgn in

dew

S is

sition

(A1)

where

Pdew,s (T) is the dew pressure of mixture S at temperature T;

pvap,i (T)

is the saturation vapour pressure of component i at temperature T.

Using Equation (A.1), state conditions may be assessed with respect to potential mixture condensation as
follows. At pressure p and temperature 7, a mixture S is completely gaseous if

N
X
J) L
;Pvap,i(T)

30

(A.2)

© 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=1d86fa73fc717929e26c52b0acc9fe56

ISO 14912:2003(E)

In this calculation, permanent gases such as nitrogen and oxygen can be disregarded (i.e. their saturation
vapour pressure can considered as infinitely large). Saturation vapour pressure data of pure gases are
available from compilations of physico-chemical properties of pure substances, see A.1.2.

The test according to Equation (A.2) is known to give conservative results. If the criterion is fulfilled, then it can
be taken for granted that the mixture under consideration is completely gaseous at the specified state
conditions. However, it may happen that the criterion is not fulfilled, while the gas mixture is in fact completely
gaseous. If there are reasons to suspect a false-negative test result, the simple dew pressure estimation using
Equation (A.1) may be replaced by more sophisticated calculations, based on mixture equations of state (see
Reference [11]).

A.2
exp

A.2.1

This
expa

A.2.]

For &
the ¢
Critid]
subs

A.2.]

For 4
the p
may
to thg

As a

Use of critical data for assessing the applicability of the truncated viria
Ansion

General
Clause specifies methods, mainly using critical data, for assessing the applicability of the tr

hsion of the compression factor of pure gases and gas mixtures:
Z(p.T)=1+B'(T)p

P Pure gases

pure gas, Equation (A.3) is applicable at state conditions (p,T) where the density is less
itical density (see Reference [11]).

al density data of pure gases are available from compilations of physico-chemical prope
ances (see A.1.2).

8 Gas mixtures

gas mixture, Equation (A.3) istapplicable at state conditions (p,7) where the density is less
seudo-critical density (see Reference [11]). For practical purposes, the pseudo-critical mi
be estimated from molar composition and critical data of mixture components, using “mixing
se used for estimation-ef mixture compression factors (see 7.2.2).

simple approximatien, the mixing rules according to Kayl!1l may be used.
N.
{pscrit,s = Zx[Tcrit,i
i

N

incated virial

(A.3)

than 50 % of

rties of pure

than 50 % of
kture density
rules” similar

(A.4)

AN
Ppscrit,S — Z_ XTPcrt, i

i=1

where

T,

pscrit,s 1S the pseudo-critical temperature of mixture ;

Ppscrit,s 1S the pseudo-critical pressure of mixture S;

Torit i is the critical temperature of component ;;
Periti is the critical pressure of component i;
© ISO 2003 — All rights reserved
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Based on these approximations, specified state conditions are assessed with respect to applicability of the
truncated virial expansion as follows. Equation (A.3) is applicable at state conditions (p,T) where

N
zxi Perit, i I'p

i=1
e (A.6)

in Terit,i 1T

i=1

Criterion (A.6) may be refined by using the mixing rule given by Prausnitz and Gunnl''] for the pseudo-critical
pressure instead-efusing-Equation{A-5)-

N

Z X Zorit, i
_ i=1
Ppscrit, S| = RTpscrit, S N

inVcrit,i
i=1

(A.7)

where

Ppscrit,s |1 the pseudo-critical pressure of mixture S;

Toscrit,s |is the pseudo-critical temperature of mixture S;
Zeit; |is the critical compression factor of component i;
Vaiit; |18 the critical volume of component .

Critical data|of pure gases, as required for these.calculations, are available from compilations of physico-
chemical properties of pure substances (see A.1.2).
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Summation relations for the expression of mixture properties

Table B.1 presents the basic summation relations by which the conversion factors in Table 2 are derived from
the original conversion factors specified in Table 1.

Table B.1 — Basic summation relations

Mg = x M,
1 Wk
Mg 7ZM,(
Z
=Yz
Ss
&:zﬂc
Zg Z
SsMs :Z¢kMk
Zg Z;
Zs SN Wik
Ss M My

Is

All quantities refer to the specified state conditions (pressure p,
temperature T) of the gas mixture under consideration.

is the mole fraction‘of component k&

is the volume'fraction of component k

is the mass’ fraction of component &
is<the*molar mass of component &

is the compression factor of component &
is the molar mass of gas mixture S

is the compression factor of gas mixture S

is the mixing factor of gas mixture S
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Annex C
(informative)

Mixture component data

Table C.1 presents a compilation of data for 138 gases and liquids occurring as components of gas mixtures:

M

is the molar mass, expressed in grams per mole (g/mol);

u(M)
By
B3

M(B’dat)

Za

mb

The molar nj
according to
data of atom

Except for f
hydrogen, m

is the standard uncertainty of the molar mass M, expressed in grams per mole (g/mol);

is the second pressure virial coefficient at 0 °C, expressed in 10-%/kPa;
is the second pressure virial coefficient at 30 °C, expressed in 10-5/kPa;

is the average standard uncertainty of the virial coefficient dataZBj, Bj3g, express
10-5/kPa;

is the compression factor at 100 kPa and 15 °C (ambient conditions).

asses were calculated from the IUPAC data of atomiciweights of the elements (Refereng
7.1.1. The uncertainty of the molar masses was calculated from the uncertainty of the IU
c weights of the elements given in Reference [7] aceording to 7.1.1.

ve gases, the virial coefficients were taken“from DIN 1871[10]. For carbon dioxide, et
ethane and nitrogen, the virial coefficients were calculated from molar-volume virial coeffi

taken from the GERG publication, TM2 ['7]. This conversion was carried out according to the procedure

in DIN 1871.
and availabl
from the unc
volume virial

NOTE In
performed dif]
compression f

For the DIN data, the uncertainty was' estimated from a detailed assessment of the inpuf
e information on their accuracy. For the converted GERG data, the uncertainty was estin
ertainty of the original GERG data-and the uncertainty associated with the conversion from n
coefficients to pressure viriakgcoefficients.

DIN 1871, the conversion.from molar-volume virial coefficients B(T) to pressure virial coefficients B’
erently for gases and_vapours to optimize the performance of the truncated virial expansion
actor [see 7.1.2, Equation (26)]. For gases (defined there as substances with normal boiling point

this conversion is performed aceording to

where Z(p,,,T)

B(T)
(P TIRT

ed in

e [6])
PAC

hane,
ients
used
data
hated
holar-

T) is
bf the
0 °C,

(C.1)

ed as

=+'B'(T) p,, with p, = 101,325 kPa, resulting in a quadratic equation for B'(T'). For vapours (defin

.00\ [ TN = A4

substances wi

K | H 4 ' (O 40N\ ¢ <l H I e /4
oI OOy pPUT =" O, EquUationT (G S USCU Wit ZAp 5177 LI

The compression factors were calculated from the virial coefficients according to 7.1.2 for those compounds

that are fully

gaseous at 100 kPa and 15 °C.

The data for molar masses, virial coefficients, and their uncertainties are used in the computer programme
that is available for use with this International Standard (see Annex E).
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Table C.1 — Mixture component data

ISO 14912:2003(E)

Component Formula M u(M) By B u(Byat) | Zamb

Acetylene C,H, 26,037 3 0,001 6 -84 -5,8 0,5 |0,99290
Air — 28,962 5 0,000 2 -0,58 -0,27 0,02 0,999 58
Ammonia NH, 17,030 6 0,000 3 -14,9 -9,7 0,5 0,987 70
Argon Ar 39,948 0 0,000 1 -0,96 -0,61 0,05 0,999 22
Arsine AsH4 77,945 4 0,000 3 -12 -9 0,5 0,989 50
Benzene CgHg 78,1120 0,004 9 - 82 - 57 5 —
Borop trichloride BCl, 117,169 0 0,008 0 -39 -29 3 0,966 00
Boronp trifluoride BF, 67,806 0 0,007 0 -6 ~4 0,5 0,995 00
Bromochlorodifluoromethane CBrCIF, 165,364 2 0,001 5 - 34 ~24 0,5 0,971 00
Bromomethane CH3Br 94,938 5 0,001 4 -314 -20,5 0,5 0,974 20
Bronmotrifluoromethane CBrF, 148,909 9 0,001 4 7 -13 0,5 0,985 00
1,2-Butadiene C,Hg 54,090 4 0,004 0 - 45 -31 5 0,962 00
1,3-Butadiene C,Hg 54,090 4 0,004:0 -34 -24 1 0,971 00
n-Bujane C4Hyg 58,122 2 0,004 0 —-42,2 - 289 0,2 0,964 45
1-Bufene C4Hg 56,106 3 0,003 3 -35 -25 1 0,970 00
cis-2{Butene C,4Hg 56,1063 0,003 3 -39 =27 2 0,967 00
transt2-Butene C,4Hg 56,106 3 0,003 3 - 38 =27 2 0,967 50
1-Butyne C4Hg 54,090 4 0,004 0 - 43,6 -29,9 1 0,963 25
Carbpn dioxide GO, 44,009 5 0,001 1 - 6,69 -4,75 0,03 0,994 28
Carbpn disulfide Cs, 76,143 0 0,013 0 - 45 -32 1 —
Carbpn monoxide cO 28,010 1 0,000 9 - 0,66 -0,31 0,058 0,999 52
Carbpnyl chloride COcCl, 98,9155 0,002 0 -32 -22 3 0,973 00
Carbpnyl fluoride COF, 66,006 9 0,000 9 -8 -6 0,2 0,993 00
Carbpnyl sulfide COSs 60,076 0 0,006 2 -14,9 -10,8 0,5 0,987 15
Chlofine Cl, 70,905 4 0,001 8 -15,8 -11,8 0,1 0,986 20
Chlofin€ trifluoride CIF, 92,447 9 0,000 9 — 34 — 24 3 0,971 00
1-Chloro-1,1-difluoroethane C,HsCIF, [ 100,495 0 0,002 0 -49,6 -31 0,2 0,959 70
Chlorodifluoromethane CHCIF, 86,468 1 0,001 2 -19,1 -13,7 0,1 0,983 60
Chloroethane C,HsCl 64,513 8 0,001 9 43 -29 3 0,964 00
Chloromethane CH,CI 50,487 2 0,001 3 -23,1 -15,8 0,1 0,980 55
Chloropentafluoride CIFg 130,444 7 0,0009 -275 -19,3 1 0,976 60
Chloropentafluoroethane C,CIF; 154,466 1 0,001 9 -225 -15,8 0,1 0,980 85
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Table C.1 (continued)

Component Formula M u(M) By B u(Byat) | Zamb
:et?:f'lzg"r;e:hife C,HCIF, | 1364757 | 00019 | -365 | -253 1 10,969 10
Chlorotrifluoroethene C,CIF, 116,469 3 0,001 9 - 26 -18 0,2 0,978 00
Chlorotrifluoromethane CCIF, 104,458 6 0,001 2 -12,1 -8,6 0,1 0,989 65
Cyanogen C,N, 52,0350 0,0017 -24 -15 0,5 0,980 50
Cyanogen chlforide CCIN 61,470 1 0,00T 2 —35 —23 3 0,911 00
Cyclobutane C,Hg 56,106 3 0,003 3 - 36,2 -253 0,5 0,999 25
Cyclohexane CgHys 84,160 0 0,004 9 - 101 - 66 5 +
Cyclopentang CsHyg 70,1330 0,004 1 - 64 -43 3 +
Cyclopropane C3Hg 42,0797 0,002 5 -21,1 -15,0 0,1 0,991 95
n-Decane CioHao 142,282 0 0,009 0 - 558 2312 10 T+
Deuterium D, 4,028 0 0,000 3 0,58 0,56 0,05 | 1,040 57
Diborane B,Hg 27,6700 0,0150 <40 -7 0,5 0,991 50
Dichlorodiflugromethane CCl,F, 120,913 0 0,0020 = 27,5 -18,3 0,2 0,917 10
Dichlorofluorgmethane CHCI,F 102,922 4 0,0020 -31,1 -221 1 0,913 40
Dichlorosilang SiH,Cl, 101,006 8 0;001 9 - 34 -25 3 0,970 50
1,2-Dichlorotgtrafluoroethane C,Cl,F, 170,920 4 0,002 4 -39,9 -27,5 1 0,946 30
1,1-Difluoroethane C,H,4F, 66,050-0 0,0017 - 30,6 -20,0 0,2 0,974 70
1,1-Difluoroethene C,H,F, 64,034 1 0,001 7 -10,4 -74 0,5 0,991 10
2,2-DimethylQutane CeH1a 86,1750 0,0050 -82,9 - 56,6 1 +
2,3-Dimethylfutane CgHig 86,1750 0,005 0 - 81 - 59 5 +
Dimethyl ethgr €,Hg0 46,068 4 0,0017 -27 -19 0,5 0,917 00
Dimethylamine C,H;N 45,083 7 0,001 7 -38,3 -25.8 0,5 0,997 95
Disilane SiyHg 62,218 6 0,000 8 - 26 -19 0,5 0,917 50
Ethane C,Hg 30,069 0 0,0017 -9,86 -7,16 0,05 0,991 49
Ethene C,H, 28,053 2 0,001 7 -7,43 -5,39 0,05 0,993 59
Ethyl methyl ether C3HgO 60,095 0 0,002 5 -33,7 -22,8 1 0,97175
Ethylamine C,H;N 45,083 7 0,001 7 -451 -29,9 0,5 —
Ethylbenzene CgHqg 106,165 0 0,006 5 - 233 - 137 10 —
Ethylcyclohexane CgHyg 112,213 0 0,006 6 - 227 -138 10 —
Ethylcyclopentane C,Hyy, 98,186 0 0,005 8 - 157 -98 10 —
Ethylene oxide C,H,0 44,052 6 0,001 7 -32 -23 3 0,972 50
Fluorine F, 37,996 8 0,000 0 - 0,66 -0,37 0,02 0,999 49
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Component Formula M u(M) By B u(Byat) | Zamb
Fluoroethane C,HsF 48,059 5 0,001 7 -19 -14 0,5 0,983 50
Fluoromethane CHgF 34,0329 0,000 9 -11,7 -8,0 0,2 0,990 15
Germane GeH, 76,642 0 0,021 0 -9,1 -6,6 1 0,992 15
Helium He 4,002 6 0,000 0 0,53 0,47 0,05 | 1,000 50
1-H-Heptafluoropropane C;HF, 170,029 0 0,002 5 —42 -29 0,5 0,964 50
n-Heptane C,Hyg 100,202 0 0,005 8 - 168 - 106 10 —
n-Hekane CgHyy 86,176 0 0,005 0 - 106 -70 5 —
Hexdfluoroethane C,Fg 138,011 8 0,0017 -14,2 -95,94 0,02 0,987 93
Hexgfluoropropene CsFg 150,023 0 0,002 5 - 31 -23 1 0,973 00
Hydrpgen H, 2,0159 0,000 2 0,605 0,574 0,00 1,000 59
Hydrpgen bromide HBr 80,9119 0,001 1 £9,6 -7,0 1 0,991 70
Hydrpgen chloride HCI 36,460 6 0,000 9 -93 -64 0,1 0,992 15
Hydrpgen cyanide HCN 27,025 4 0,000.9 -111 - 64 5 —
Hydrpgen fluoride HF 20,006 3 0,000 1 - 35,6 -241 3 —
Hydrpgen iodide HI 127,912 4 0,000 1 -15.1 -111 1 0,986 90
Hydrpgen selenide H,Se 80,976 0 0,0300 -12,9 -95 1 0,988 80
Hydrpgen sulfide H,S 344082 0 0,006 1 -10 -7 0,5 0,991 50
Isobytane C,Hyg 58,122 2 0,003 3 -379 -271 1 0,967 50
Isobdtene C4Hg 56,106 3 0,003 3 -35 -25 1 0,970 00
Isopgntane CzHyo 72,1490 0,004 2 - 58 -42 5 —
Krypfon Kr 83,8000 0,0100 -2,74 -1,95 0,02 0,997 66
Methpne CH, 16,042 5 0,000 9 -2,36 -1,63 0,005 | 0,998 01
Methgnol CH,O 32,0419 0,001 0 -173 -73 5 —
Methlylamine CHgN 31,057 1 0,000 9 -30,7 -19,8 0,1 0,974 75
Methjylcyclohexane C,Hy, 98,186 0 0,005 8 - 143,3 -911 1 —
Methyleyclopentane CgHy2 84,160 0 0,004 9 -96,8 - 63,7 1 —
Methyl mercaptan CH,S 48,108 0 0,006 2 -27,4 -19,3 1 0,976 65
2-Methylpentane C6H14 86,1750 0,0050 -90,4 - 65,1 1 —
3-Methylpentane C6H14 86,1750 0,0050 -90,3 -64,3 1 —
Methyl vinyl ether C3HgO 58,079 0 0,002 5 -34 -24 3 0,971 00
Neon Ne 20,1797 0,000 6 0,47 0,46 0,02 | 1,000 47
Neopentane CgHys 72,1490 0,004 2 -53,1 - 35,4 1 0,955 75
Nitric oxide NO 30,006 1 0,000 4 -1,12 -0,75 0,05 | 0,999 07
Nitrogen N, 28,0135 0,000 2 -0,452 -0,151 0,001 | 0,99970
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Table C.1 (continued)

Component Formula M u(M) By B u(Byat) | Zamb

Nitrogen dioxide NO, 46,005 5 0,000 7 -26,4 -17,0 2 —

Nitrogen trifluoride NF, 71,0019 0,000 1 -5 -3 0,5 0,996 00
Nitrosyl chloride NOCI 65,458 8 0,001 0 -21 -14 0,5 0,982 50
Nitrous oxide N,O 44,0129 0,000 4 -7,18 -5,08 0,05 0,993 87
n-Nonane CgHyg 128,255 0 0,007 4 382 — 222 10 —

n-Octane CgHyg 114,229 0 0,006 6 — 255 - 155 10 T

Octafluoro-2-putene C,Fg 200,030 0 0,003 3 - 54 -37 5 0,994 50
Octafluorocydiobutane C4Fg 200,030 0 0,003 3 - 43,7 -29,8 05 |0,94325
Octafluoroprgpane CsFg 188,019 0 0,002 5 -30,1 -20,6 0,5 0,974 65
Oxygen 0, 31,998 8 0,000 7 -0,97 0,60 0,02 0,999 22
Oxygen diflugride OF, 53,996 2 0,000 4 -33 -23 0,3 [0,997 20
n-Pentane CsHyo 72,1490 0,004 2 —14 -48,5 1 T

1-Pentene CsHyg 70,133 0 0,004 1 61,1 -421 0,5 T

Phosphine PH; 33,997 6 0,000 2 -9,2 -6,7 0,1 |0,99205
Phosphorus gentafluoride PFg 125,965 8 0,000 0 -12,9 -91 1 0,949 00
Phosphorus tfifluoride PF; 87,969 0 0,000 0 -8,2 -55 1 0,993 15
Propadiene CsHy 40,064.0 0,002 5 -204 - 14,6 0,2 |0,94250
Propane CsHg 44,096 0 0,002 5 - 20,87 -14,79 0,1 0,942 17
Propene C3Hg 42,0800 0,002 5 -18,7 -134 0,1 0,943 95
Propyne C3Hy 40,064 0 0,002 5 -23,0 -15,9 0,5 0,940 55
Silane Sik, 32,117 3 0,000 5 -7 -5 0,2 0,994 00
Silicon tetraflfioride SiF, 104,079 1 0,000 4 -8 -5 0,5 0,993 50
Sulfur dioxide SO, 64,065 0 0,006 2 -24 -17 2 0,979 50
Sulfur hexaflyoride SFg 146,056 0 0,006 1 -15,2 -10,8 0,1 0,947 00
Sulfuryl fluorile SO,F, 102,062 0 0,006 2 -15,5 -11,4 1 0,946 55
Tetrafluoroethers CF, 466;645-6 8:6047 —+455 —8;2 65 6990 15
Tetrafluoromethane CF, 88,004 3 0,000 9 -49 -34 0,05 | 0,99585
Toluene C,Hg 92,1390 0,005 7 - 150 -921 1 —

1,1,1-Trifluoroethane C,oH;F, 84,040 4 0,001 7 -19,2 -13,5 0,2 0,983 65
Trifluoromethane CHF, 70,013 8 0,000 9 -97 -6,9 0,1 0,991 70
Trimethylamine C3HgN 59,1103 0,002 5 -40,4 -28,3 0,5 0,965 65
Tungsten hexafluoride WFg 297,830 4 0,0100 — 46 -32 3 —

Vinyl bromide C,HsBr | 106,949 2 0,002 0 -35 - 26 3 —
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Component Formula M u(M) By B u(Byat) | Zamb
Vinyl chloride C,H,CI 62,497 9 0,0019 - 22 -16 1 0,981 00
Vinyl fluoride C,HsF 46,043 6 0,0017 -15 -10 0,5 0,987 50
Water H,O 18,0153 0,000 4 - 80,75 - 42,61 0,1 —
Xenon Xe 131,290 0 0,0200 -6,8 -5,0 0,05 0,994 10
m-Xylene CgHyg 106,165 0 0,006 5 — 248 — 145 10 —
o-Xylene CgHyg 106,165 0 0,006 5 - 259 - 149 10 —
p-Xylene CgHyg 106,165 0 0,006 5 — 246 — 144 10 —
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D.1 Introd

Annex D
(informative)

Examples

uctory remarks

The purpose]
quantities of

conversions fand uncertainty calculations were performed using the computer programme CONVERT t

available forf
CONVERT W

Standard uncertainties can hardly be estimated with a precision better than 10 %,yand for estimat
covariances Jand correlation coefficients precision can be even worse. Therefore (these data should n

specified by
CONVERT ig

D.2 Conversion of a complete composition

D.2.1 Example 1 — Natural gas

D.2.1.1

This exampl¢ concerns the analysis of natural gas composition which is usually determined and reported

set of norma
sum to unity
calculation o
physical proy
is required ir

mole fractiops to volume fractions-at-different reference conditions, taking into account the presen

condensable

D.2.1.2 Establishing theinitial molar composition and composition uncertainty

Consider a

(while methape as thesmain component was not determined):

Compon

General considerations

of this annex is to provide some examples for conversions of gas mixture composition to
composition or to other reference conditions. Except for some simple calculatiohs]

this International Standard (see Annex E). Where appropriate, arrays of data |generatg
ere copied directly from the output.

more than two digits. However, for comparison purposes output ©f the computer progrg
given with a higher number of digits.

ized mole fractions for the quantified components, i.e. where the mole fractions of all compo
The example highlights the different procedures commonly used for this purpose, includin
uncertainty. While the molar composition is fit for many practical purposes such as calculat
erties of natural gas, occasionally (e.g. for the calculation of flammability limits), the compo
volume fractions at specified reference conditions. The example addresses the conversion

components and ingluding the calculation of uncertainty.

natural gasywhere the following components were determined quantitatively in mole fra

0,035 00 + 0,000 086

other
. the
hat is
d by

es of
pt be
mme

as a
hents
g the
on of
sition
from
ce of

tions

ent)1 ethane (C,Hg)

40

Component 2:
Component 3:
Component 4:
Component 5:
Component 6:

Component 7:

propane (CsHg)
n-butane (C4H4q)
isobutane (C4H ()
pentanes (CgH;5)
nitrogen (N»)

carbon dioxide (CO,)

0,009 80 + 0,000 032
0,002 20 + 0,000 010
0,003 40 + 0,000 006
0,000 60 + 0,000 004
0,017 50 + 0,000 064
0,006 80 + 0,000 052
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In the listing, the data are given in the format value + standard uncertainty. All the components were

deter

mined independently. Therefore there is no correlation (covariance) between any of them.

Assuming that residual components can be neglected, the mole fraction of methane is given by summing the

mole

Component 8: methane (CHy)

fractions of Components 1 to 7 and subtracting this sum from unity. This gives

0,924 70

The standard uncertainty of the methane content is calculated as the root of the sum of squared standard
uncertainties of the other components according to Equation (65) in 8.5.2. This calculation gives
u(methane) = 0,000 124.

Due o the determination of methane by difference, there is a correlation between errors™of’the methane
contgnt and the content of any other component. Consequently, there are covariances between methane and
each| of the other components that have to be included in the calculation of uncertainty for the complete
composition. These covariances are given by Equation (66).
Altogether, the complete variance/covariance matrix for the molar composition above is given as follows:
7,396E-09 0,000E+00 0,000E+00 0,000E+00 0,000E+00 0,000E+00 0,000E+00 |-7,396E-09
0,000E+00 1,024E-09 0,000E+00 0,000E+00 0,000E+00 _O0(¢00E+00 0,000E+00 [-1,024E-09
0,000E+00 0,000E+00 1,000E-10 0,000E+00 0,000E+00~<0,000E+00 0,000E+00 [-1,000E-10
0,000E+00 0,000E+00 0,000E+00 3,600E-11 0,000E400Y 0,000E+00 0,000E+00 [-3,600E-11
0,000E+00 0,000E+00 0,000E+00 0,000E+00 1,600E*11 0,000E+00 0,000E+00 [-1,600E-11
0,000E+00 0,000E+00 0,000E+00 0,000E+00 0,000E+00 4,096E-09 0,000E+00 [-4,096E-09
0,000E+00 0,000E+00 0,000E+00 0,000E+00 %8,000E+00 0,000E+00 2,704E-09 [-2,704E-09
-7,396E-09 -1,024E-09 -1,000E-10 -3,600E-14\*-1,600E-11 -4,096E-09 -2,704E-09| 1,537E-08
Instead of the variance/covariance matrix, the cerrelation matrix may be used. The elements of this matrix are
the ¢orrelation coefficients, which are obtainéd by standardizing covariances and variancgs using the
corresponding standard uncertainties.
u(x,-,xk)
V‘(xl.,xk):— (D.1)
u(x; Ju(xy)
The ¢orrelation coefficients| r(x;, x,) are restricted to values between +1 and —1, where positive pnd negative
valugs express positive. correlation and negative correlation, respectively. For uncorrelated egtimates, the
correjation coefficientis’zero.
The |computer programme CONVERT available for this International Standard (see Annex E) allows
calculation of.both, the variance/covariance matrix and the correlation matrix. For the compositign above, the
correjation.matrix is given by
1,0000 0,0000 0,0000 0,0000 00,0000 0,0000 0,0000 =-0,69%6
0,0000 1,0000 ©0,0000 0,0000 0,0000 0,0000 0,0000 =-0,2581
0,0000 0,0000 1,0000 0,0000 0,0000 0,0000 0,0000 =-0,0807
0,0000 0,0000 ©0,0000 1,0000 0,0000 0,0000 0,0000 -0,0484
0,0000 0,0000 0,0000 0,0000 1,0000 0,0000 0,0000 -0,0323
0,0000 0,0000 ©0,0000 0,0000 0,0000 1,0000 0,0000 =-0,5162
0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 11,0000 =-0,4194
-0,6936 -0,2581 -0,0807 -0,0484 -0,0323 -0,5162 -0,4194 1,0000

The correlations between the methane content and the content of other components are irrelevant for
applications where only single analyte contents are used. However, in applications jointly addressing several
analytes or the complete composition, as in the conversion to follow, correlations between mixture
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components have to be included in the calculation of uncertainty. Otherwise grossly erroneous uncertainty
estimates can be obtained (see D.2.2).

Assume now that the mole fraction of methane was also determined directly and independently of the other
components as follows:

Component 8: methane (CH,) 0,923 0+ 0,001 5

Then the preferred procedure is to normalize the “raw molar composition”. Normalization is performed by
dividing each raw mole fraction by the sum of all raw mole fractions, as described in Equation (67) of 8.5.2.3.
The standard uncertainty of the normalized mole fractions is calculated according to Equation (68). In this
manner, the formalnzed composition including standard uncertainties 1S obtained as Tollows:

Component 1: ethane (C,Hg) 0,035 06 + 0,000 098
Component 2: propane (C3Hg) 0,009 82 + 0,000 035
Component 3: n-butane (C4H,() 0,002 20 + 0,000 010
Comporent 4: isobutane (C4H,() 0,003 41 + 0,000 008
Comporent 5: pentanes (CgH,5) 0,000 60 + 0,000 004
Component 6: nitrogen (N,) 0,017 53 + 0,000 068
Component 7: carbon dioxide (CO,) 0,006 81 + 0,000 053
Component 8: methane (CH,) 0,924 57 + 0,000 161

The differences between raw mole fractions and normalized® mole fractions are well covered by the
uncertainties|of the raw mole fractions. Thus the use of the nofmalized mole fractions and their uncertainfies is
fully justified.

Due to the nprmalization procedure, a correlation is.introduced among all the components. The correspohding
covariances fare calculated according to Equation(69). Instead of the variance/ covariance matrix, here the
correlation matrix is given.

1,0000 0,1953 0,1502 0,3152 0,1061 0,1670 0,0765 -0,7763
0,1953 1,0000 071245 0,2611 0,0879 0,1392 0,0641 -0,4392
0,1502 0,1245 1,0000 0,2002 0,0674 0,1070 0,0494 -0,2569
0,3152 0,261 0,2002 1,0000 0,1413 0,2247 0,1039 -0,4437
0,1061 0,0879 0,0674 0,1413 1,0000 0,0756 0,0349 -0,1640
0,1670 07 2392 0,1070 0,2247 0,0756 1,0000 0,0544 -0,5931
0,0765 0, 0641 0,0494 0,1039 0,0349 0,0544 1,0000 -0,4197
-0,7768\/-0,4392 -0,2569 -0,4437 -0,1640 -0,5931 -0,4197 1,0000

Comparing the results obtained when the methane fraction is determined by difference from unity and when a
complete comnposition is normalized, the uncertainties are similar, but normalization of a complete compasition
gives rise to broader correlation. The values obtained for the mole fractions of the components agree within
their uncertainties.

It is not uncommon that different data evaluation procedures give different estimates. This is no problem if
these estimates agree within their uncertainties. Then both estimates may be used equivalently. Otherwise a
decision has to be taken, based on additional information or criteria. In this example, the normalized
composition would be preferred, because it includes the information obtained by direct determination of the
methane content.
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The two molar compositions obtained above are now converted to volume fractions at two different reference

conditions as follows:

— Reference conditions 1: p = 101,325 kPa, 7 =298,15 K

— Reference conditions 2: p = 101,325 kPa, T =273,15 K

In the following conversion, the pentanes are taken as n-pentane.

ned as given

in Taple D.1.
Table D.1 — Results of conversion to volume fractions
Reference conditions 1
p=101,325 kPa, T = 298,15 K
Component Input: completed composition Input: normalized complete
(methane by difference) composition
Volume fraction Volume fraction
Ethane 3,4810x102+8,56 x 10°° 3,487 0x102+9,80 x 1075
Propane 9,6654 x 103+ 3,16 x 1075 9,681 8 x 103+ 3,46 x 1073
n-Butane 2,1356 x 1073 £ 9,82 x 406 2,1392 x103+1,03 x 1075
Isobutane 3,308 1 x 1073 + 7,05:% 107° 3,3137 x103+8,64 x 1076
Pentanes (5,692 4 x 1074 £3,99 x 1076) (5,702 1 x 104 + 4,09 x 1076)
Nitrogen 1,753 7 x 10524 6,41 x 1075 1,756 7 x 1072+ 6,84 x 107°
Co, 6,780 75103+ 5,19 x 10°° 6,7922 x 103 +5,26 x 1075
Methane 9,251M9 x 107" + 1,24 x 10~* 9,2507 x 1071+ 1,61 x 1074
Reference conditions 2
p=101,325 kPa, T'=273,15K
Component Input: completed composition Input: normalized complete
(methane by difference) composition
Volume fraction Volume fraction
Ethane 34758 x 102+ 8,55 x 10™° 3,4817 x102+9,79 x 1075
Prépane 9,6225x 103 +3,15x 1075 9,6389 x 103+ 3,45 x10°°
n-Butane 2,1125x103+9,92 x 106 2,1161x103+1,04 x 1075
lsobutane 32796 10-3 + 738 105 3,285 2 10=3 &+ 8.89 10-6
Pentanes (5,567 3 x 1074 + 4,31 x 107%) (5,576 8 x 1074 + 4,40 x 107)
Nitrogen 1,754 6 x 1072+ 6,42 x 107 1,757 6 x 1072+ 6,85 x 105
CO, 6,7749 x 103 +£5,18 x 10™° 6,786 4 x 103 +5,26 x 107
Methane 9,253 5x 107"+ 1,24 x 10 9,2522 x 107" +1,60 x 1074

In Table D.1, the volume fraction of pentanes is given in brackets, since only one of the three isomeric
pentanes is gaseous at normal pressure and 25 °C, while none of them are gaseous at normal pressure and
0 °C. Therefore, volume fractions should not be used for this component. However, calculation of flammability
limits requires volume fractions for all components of a gas, including volume fractions for liquids in a
hypothetical gaseous state at the reference conditions under consideration.

© 1SO 2003 — Al rights reserved

43


https://standardsiso.com/api/?name=1d86fa73fc717929e26c52b0acc9fe56

ISO 14912:2003(E)

For the converted compositions at 25 °C, the correlation matrix is obtained as follows:

Table D.2 — Correlation matrix for converted compositions

p = 101,325 kPa, T = 298,15 K, input: completed composition (methane by difference)
1,0000 0,0003 0,0001 -0,0006 0,0000 0,0001 0,0001 -0,6923
0,0003 1,0000 0,0001 -0,0005 0,0000 0,0001 0,0001 -0,2561
0,0001 0,0001 1,0000 -0,0004 0,0000 0,0000 0,0001 -0,0796
-0,0006 -0,0005 -0,0004 11,0000 -0,0004 -0,0006 -0,0002 -0,0560
0,0000 0,0000 0,0000 -0,0004 1,0000 -0,0001 0,0000 -0,0322
0,0001 0,0001 0,0000 -0,0006 -0,0001 1,0000 0,0000 -0,5186
0,0001 0,0001 0,0001 -0,0002 0,0000 0,0000 1,0000 -0,4194
-0,6923 -0,2561 -0,0796 -0,0560 -0,0322 -0,5186 -0,4194 1,0000

p = 101}325 kPa, T = 298,15 K, input: normalized complete composition
1,0000 0,1951 0,1487 0,2797 0,1010 0,1671 0,0766 -0,7754
0,1951 1,0000 0,1231 0,2313 0,0836 0,1390 0,0641 ~Q0x4371
0,1487 0,1231 1,0000 0,1758 0,0635 0,1060 0,0490~, -0,2538
0,2797 0,2313 0,1758 1,0000 0,1194 0,1994 0,0923~ -0,4037
0,1010 0,0836 0,0635 0,1194 1,0000 0,0720 0,0333 -0,1572
0,1671 0,1390 0,1060 0,1994 0,0720 1,0000 070545 -0,5950
0,0766 0,0641 0,0490 0,0923 0,0333 0,0548 1,0000 -0,4200
-0,7754 -0,4371 -0,2538 -0,4037 -0,1572 -0,5980 -0,4200 1,0000

The correlati

These correl
from a convs

D.2.2 Exan

D.2.21

This exampl¢ refers to the gravimetric preparation of a multi-component gas mixture in a pressure cylin

includes calg
initial mass-
properties (@
simplified un
in mole fracti

For simplicity

weighing

Gelneral considerations

bn data for 0 °C are very close to those for 25 °C.

ations would have to be considered in estimating the uncertainty of flammability limits de
rted composition.

nple 2 — Gravimetric preparation

ulation of an initial composition in mass fractions from the weighing results, conversion

pased composition into~a- molar composition (i.e. in mole fractions), and calculation of m
ensity and calorificCvalue) from the molar composition and related component properti
Certainty analysis(s, given for the initial composition in mass fractions, the converted compo
pns, and for thé.derived mixture properties.

, the caletlation of uncertainty is restricted to the following uncertainty sources:

uncertainty: cylinder weighings are assumed to be mutually independent, W

rived

er. It
f the
xture
bs. A
sition

ith a

constant uncertainty;

uncertainty of molar masses:

uncertainties of component molar masses are calculated from the

uncertainties of the molar masses of the elements and correlation
between molar masses of compounds containing elements in common

is considered negligible.

All other sources of uncertainty, in particular those associated with impurities of the parent gases, are

disregarded.

As an example, a natural gas simulate consisting of carbon dioxide (CO,), nitrogen (N,), ethane (C,Hg) and
methane (CH,) is used.

44

© 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=1d86fa73fc717929e26c52b0acc9fe56

ISO 14912:2003(E)

As far as useful, the calculations of uncertainty are presented in general terms as well as in numerical form for
the specified example.

D.2.2.2 Initial mass-based composition

A mixture with components 1, 2, ..., N is prepared by transferring portions of parent gases 1, 2, ..., N one after
the other from donor cylinders into a receptor cylinder. The amount of each gas transferred into the receptor
cylinder is determined by weighing the receptor cylinder before and after the transfer. In the course of this
process, a series of weighing results is obtained as follows:

Wy  mass of the evacuated cylinder

1:1 mass of the cylinder after transfer of Component 1

>  mass of the cylinder after transfer of Component 2

Iy mass of the cylinder after transfer of Component N

The ¢gomponent masses are given by the difference of successive weighings:
m=W;=W;_4

and the total mass of gas is given by

Mot = Zm; = Wy = Wy

From| these relations, the mass fractions of the componenis are obtained as follows:

_mi _Wi—Wiq
1
myt Wy —Wy

(D.2)

Assuming that all weighings were performéd independently with a constant standard uncertainty [u(W) = u, the
variahces of the component masses @nd the total mass are given by u2(m;) = 2u? and u?(y;) = 2u2. In
additjon, there are non-zero covariances between the masses of adjacent components pccording to
u(m;,py) = — u? for |i — k| = 1, and there are also non-zero covariances between the total mass angl the masses
of the initial and the final component in the filling sequence according to u(m;myy) = u? for i41 and i=N.
From| these input uncertainties;-the variances and covariances of the component mass fractions|are obtained
as follows:

O 0 ow; || 0
4<w,~,wk>=(amwt;t](a,;j;]uz<mtot>+[ﬁ][ax]u<mi,mk>

ow; ow ow; ow
+(a—’J(—kJu(mi,mtot)+[ ! j[ k]u(mtot,mk) (D.3)
m; )\ Omyoy Omyot )\ Omy,

In Equation (D.3), the following convention is used to express both covariances and variances:
u(w,w;) = uz(wi), u(m;,m;) = uz(mi). With the results obtained previously for the variances and covariances of
the component masses and the total mass, the entries of the variance/covariance matrix of the component
mass fractions are obtained as follows:

2
] x 2nd-order term in w;,w, (D.4)

()=

Mot
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The factors in Equation (D.4) are given as follows:

Fori=k
Fori=k
For1<i

Factors for variances

=1: 2W12—2W1+2
=N: 2wN2 - 2wy + 2
=k<N: 2w2+2

Factors for borderline covariances

Fori=1};

Fori=1

Fori =1}

For 1 <
Fori=
Factors

For 1 <

For 1 <
Note that co

As an examp

Compon
Compon
Compon

Compon

For an initia
follows.

,k=2: 2W1W2—W2—1
2<k<N: 2wawy, — wy,
ck=N: 2wqwy — wq — Wy
< -1, k=N 2wwy —w;
1. k=N: 2wy _qwy—wy_q1—1
for other covariances
i+ 1<k<N: 2wwy
i+ 1=k<N: 2ww; 41

ariances are symmetric, i.e. u(w;w;) = u(w;,w;), andiso are the factors in Equation (D.4).

le, a natural gas simulate is used:

ent 1: carbon dioxide (CO,)
ent 2: nitrogen (N,)

ent 3: ethane (C,Hg)

ent 4: methane (CH,)

1,82°¢=1,08 -0,08 -0,66

2l 408 2,02 -098 0,04
;J ~0,08 -098 202 -096
~066 004 -096 1,58

composition of wy =wy'=wy=0,1 and w, = 0,7, the variance/covariance matrix is obtaingd as

(D.5)

The variances for the component gases CO,, N,, C,Hg, CH, and the covariances between any two of these
depend on the filling sequence, i.e. they could be different with another filling sequence for the same

composition.

As explained in D.2.1, instead of the variance/covariance matrix, the correlation matrix may be used together
with the standard uncertainties of the mass fractions. For the data above, the correlation matrix is given by

1,00 -0,56 -0,04 —-0,40
~056 1,00 -049 0,02
12004 -049 1,00 -0,54
~040 002 -054 1,00
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