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National foreword

This British Standard has been prepared under the direction
of the Environment and Pollution Standards Committee.

It is identical with 1SO 6142-1981 ‘Gas analysis —
Preparation of calibration gas mixtures — Weighing
methods’ published by the International Organization for
Standardization (1SO). ISO 6142 was prepared as a result
of discussions in Technical Committee 158, Gas analysis,

in which the UK has participated.

BS 4559 was first published in 1970 as a single standard
under the title ‘Methods for the preparation of gaseous
mixtures’. The present revision is being issued in Parts to
incorporate methods prepared by ISO/TC 158 and to
provide for revision, where necessary, of the methods
included in the 1970 edition which was withdrawn in
1981. The method in this Section differs extensively
from that given in the previous edition.

Part 1 of this standard covers the preparation of mixtures
the composition of which is determined by direct weighing.
This Section deals with mixtures which are fully vaporized
under ambient conditions. Two further Sections will be

*In course of preparation.
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published in this Part; Section 1.2* ‘Method for mixtures
containing condensible components’ and Section 1.3*
‘Precautions to be taken when weighing, handling and
filling cylinders’.

Terminology and conventions. The text of the international
standard has been approved as suitable for publication as a
British Standard without deviation. Some terminology and
certain conventions are not identical with those used in
British Standards; attention is drawn especially to the
following.

Wherever the words ‘International Standard’ appear,
referring to this standard, they should be read as ‘British
Standard’.

The comma has been used as a decimal marker. In British

Standards it is current practice to use a full point on the
baseline as the decimal marker.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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British Standard Methods for

Preparation of calibration gas mixtures

Part 1. Weighing methods

Section 1.1 Mixtures containing components fully vaporizable under ambient conditions

1 Scope and field of application

This International Standard specifies weighing methods for the
preparation of calibration gas mixtures for which the accuracy
of the concentration of each component is better than 1 %,
whatever the values of the selected concentrations.

It is applicable only to gaseous components which do not react
between themselves or with the cylinder walls, and to conden-
sable components which are totally vaporized under the test
conditions.

2 Principles of the methods

2.1 General principles

A chamber is weighed before and after the introduction of a
certain quantity of a gaseous component of known quality.

The weight of the gaseous component introduced is defined by
the difference in the weights read during the two weighings.

The introduction of different components produces a gaseous
mixture.

The weight concentration of each component of the mixture is
defined as being the ratio of the weight of this component to
the sum of the component weights. The weight ratio thus ob-
tained is equivalent to a mass ratio.

In order to avoid having to weigh very small masses of gases, a
lower concentration limit is fixed for the concentration of each
of the components in the final mixture or, alternatively, the
minor component may be weighed in a separate smaller
cylinder on a low capacity balance and transferred without loss
into a cylinder in which the major component is weighed on a
higher capacity balance. In cases where the value of the desired
concentration is less than this limiting value, a known quantity
of the preceding mixture is diluted with a known mass of a
given gas.

This dilution operation may have to be repeated twice to reach
molar concentrations at the level of 10~ 8 with acceptable errors
which depend upon the characteristics of the balances and the
procedure used.
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Under these conditions, the concentrations are evaluated as
follows.

2.1.1 Method by single dilution

This is applicable to concentrated mixtures having concentra-
tions in the range 1073 < x; < 1(molar). The concentration x;
in the mixture (mixture a) is given by the formula

_ s om
n

! n; + Enj
where i, je[1, plandj # i
where

i, j are indices of the components considered, of molar
concentrations x,, X;;
p is the total number of components in the mixture;

n; is the number of moles of component /, of molar

mass M,, corresponding to the mass m; introduced so that

n. is the number of moles of component j, of molar
mass Mj, corresponding to the mass m; introduced so that

In the following text and the error calculations, the following
quantities are also considered :

m=m,.+2mj

n=ni+2nj

2.1.2 Method by double dilution

This is applicable to mixtures having concentrations in the
range 10~ % < Xy < 10~3 (molar). A mass u, of a concentrated
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mixture (obtained in 2.1.1, called mixture a) is diluted with a
mass u;, of a gas of molar mass M, ; generally, the complemen-
tary gas used in 2.1.1 is also used for this purpose. The concen-
tration x,, of the dilute mixture (mixture b) is given by the formula

#y
— x n;
m Ny Noi
Y2 = "N, +N, N
H Ha 2 dl 52
— X n+—
M,
where
Hy . .
N,; = — x n; is the number of moles of component ¢
m

introduced in the mass 4, of mixture a;

u
Ny = —dl is the number of moles of the diluting gas

d
introduced in the mass #,, ;

My .
N,, = P x n is the number of moles of components

i, j introduced in the mass u, of mixture a;

Ng, = N,, + Ny, is the total number of moles of the
mixture b thus obtained.

The following quantity is also considered :

Mgy = Hy + Uy

i.e. the total mass of the mixture b thus obtained.

2.1.3 Method by triple dilution

This method is applicable to mixtures of low concentrations in
the range 10-6 < X3 < 104 (molar). A mass u, of mixture b
is diluted with a mass u , of a gas of molar mass M, the same
as that used in 2.1.2. The concentration x;; of the diluted mix-
ture (mixture c) is given by the formula

My N
X .
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mg, Ny Ng;
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mg, Md
where
H .
Ny = —— X N,; is the number of moles of compo-
mg,

S
nent i introduced in the mass u, of the mixture b;

u

Ny = —dz2 is the number of moles of the diluting gas

M,
introduced in the mass u ., ;

My
Ny, = m
S2

nents i, j, d, introduced in the mass u, of the mixture b;

X Ng, is the number of moles of compo-

Ng3 = Nz, + Ny is the total number of moles of the
mixture ¢ thus obtained.

The following quantity is also considered :

Mgy = Hy + Uy
i.e. the total mass of the mixture ¢ thus obtained.

The method thus defined can be carried out in three ways :

— weighing of the chamber carried out at atmospheric
pressure under normal operating conditions;

— weighing carried out at atmospheric pressure using a
reference cylinder;

— weighing carried out under low pressure in order that
necessary corrections due to buoyancy are negligible.

2.1.4 General precautions

The results thus obtained by one of the formulae can be valid
only if all precautions with respect to the handling of pure gases
are strictly fulfilled, that is, in relation to :

— the nature and state of the transfer line;

— the nature and state of the devices connected to this
line (valve, cut-off elements, etc.);

— the nature and state of packaging materials (in par-
ticular non-significant adsorption of the mixture com-
ponents).

In addition, the gases used must be the subject of strict quality
control. In particular, one has to determine the concentration
of all components that can exist in the final mixture or that can
cause interferences at the level of analytical utilization of the
mixture.

The gas mixture thus prepared shall only be used when
homogeneity has been attained.

Cylinders shall comply with the requirements of all correspon-
ding International Standards and shall not be in contradiction
with national regulations.

2.2 Sources of error

2.2.1 Precautions for gas handling

The equipment used for gas handling may be an important
source of errors if its cleanliness and tightness are not
periodically verified (replacement, in particular, of the vacuum
pump filter and of the tightness seals of the connecting fittings).
Before the introduction of each component into the cylinder, the
various pipelines shall be evacuated to vacuum or purged by a
compression-decompression cycle. From the introduction of the
second component, the pressure of the gas introduced shall
always be much higher than the pressure in the cylinder in order
to avoid any loss of the gas previously weighed. In order to avoid
back-diffusion, the cylinder shall also be isolated over the period
during which thermal equilibrium is being achieved.
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