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Forewor

ISO (the Internptional Organization for Standardization) is a worldwide federation of
national standafds bodies (ISO member bodies). The work of preparing International
Standards is ngrmally carried out through 1SO technical committees. Every 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, govern-
mental and norf-governmental, in liaison with IS0, also take part in the work.
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INTERNATIONAL STANDARD

1SO 7395-1984 (E)

Gas analysis — Preparation of calibration gas mixtures —

Mass dynamic method

1 Scopg and field of application

This Internptional Standard specifies a method for the con-
tinuous praduction of calibration gas mixtures. It may be used
if static methods are inapplicable because one (or several) con-
stituents may either be absorbed on to or react with the
material of the cylinder intended to contain them, or react with
other consfituents under normal conditions; in these cases the
mixture shall be used as fast as it is produced.

For molar doncentrations above 0,01, the accuracy of the con-
centration Is better than 2 % (relative).

The method can provide calibration mixtures at flow rates up to
4 m3/h af pressures between atmospheric and 2 bar*.

2 Refefence

ISO 6142, Gas analysis — Preparation of calibrationr.gas mix-
tures — Weighing methods.

3 Prindiple

Preweighed cylinders, containing separately the individual con-
stituents, dre connected to a manifold into which each of the
gaseous cdnstituents is introduced by means of a device which
ensures cqnstant fiow. Themaintenance of constant flow
during the|whole period of production of the gas mixture is
essential. |[At the énd) 'of this period, the cylinders are
reweighed.

The compgsition of the mixture is calculated from the dif-
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x; is the eoncentration of component i expressed as a
mole_ fraction;

m; “is the mass of component i consumed during the
preparation of the mixture;

M; is the molar mass of component i;

n is the number of components;

J isequalto 1, 2,...,1,..., n

4 Apparatus — Description

The cylinders are connected to the manifgld as shown in
figure 1. The analyser may be either the| analyser to be
calibrated or a unit for the control of the congtancy of the gas
mixture being produced for calibrating other gnalysers. It shall
have been recently checked, particularly |as regards the
response time, absence of drift and repeatability, and calibrated
at least approximately just before use.

The size of each cylinder is chosen so that weighing before and
after test permits an accurate measurement ¢f the amount of
gas used. The cylinder containing the complementary gas is

ferences in‘mass-of-the-cylinders:

If it is necessary to have available very dilute mixtures, the
minor constituents shall be provided from cylinders in which
these constituents are already mixed with complementary gas,
provided that the reservations in clause 1 are observed.

The composition of the mixture cannot be predicted exactly but
is calculated after the test. It is only possible to provide one
mixture at a time and the cylinders shall be weighed between
each preparation.

The concentration of a component i is given by the formula

* 1 bar = 105 Pa

placed—at—the—far—end—of—the—analytisal—ehdin to purge the

manifold and transfer line.

Each cylinder is fitted with a two-stage pressure regulator and
shut-off valve. The constant flow device may be connected
either directly (in those cases where it can be weighed with the
cylinder), or via a tee-piece, as shown in figure 1. Shut-off
valves V2, V3, V4 and V5 isolate the regulator, tee-piece and
constant flow device. The constant flow device may be a sonic
orifice, an electronic mass flow controiler or a high quality
needle valve. It need not be calibrated accurately, as the com-
position of the mixture is determined subsequently from the
changes in mass.
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Figure 1 — Schematic arrangement of mixing system
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The mixing vessels [see figure 1 (7)] shall each be of sufficient
volume to allow complete mixing at the flow rates used. A
stable reading of the analyser indicates that mixing is satisfac-
tory.

When a gas mixture contains a constituent at a concentration
which is close to saturation, any drop in temperature which
may cause condensation shall be avoided.

NOTE — If any of the components of the mixture are very reactive, the
elements of the flow control system or the mixing vessels must be con-
structed of suitably resistant materials, for example PTFE.

ISO 7395-1984 (E)

If the constant flow device is of a size and mass such that it can
be weighed with the cylinder and regulator, the procedure can
be simplified. Flow is started and stopped at valve V4 on the
outlet of the constant flow device as before, and the cylinder,
regulator and constant flow device are weighed after discon-
nection at the outlet of valve V4.

If the gases were allowed to flow for different periods, the mass
of each gas is corrected to the mass used during the time when
all gases were flowing.

5 Procedure

It may be cpnvenient to perform a preliminary trial so as to ob-
tain an appfoximate adjustment of the constant flow devices.
After this,| the cylinders are shut off, disconnected and
weighed. The cylinders are then reconnected so that the test
can be starfed.

The apparatus is selected to ensure constancy of flow during
the test pdriod, but some flow variation is inevitable at the
beginning and end of the period. The following procedure,
which assumes for the weighing procedure that the cylinders
are disconnkcted from the constant flow devices, is intended to
minimize tHe resulting errors.

During the|preliminary trial, the pressures and flows of each
component are adjusted to the desired values. When steady
flows have|been established, each gas is shut off at valve V4,
followed infturn by closing valves V3, V2 and V1. The contents
of the teetpiece are vented through valve V5, thenleach
cylinder is disconnected at the outlet of valve V2. Eachgylinder,
with its reghlator and valve V2 still connected, is weighed using
one. of the jprocedures described in 1ISO 6142.

Each cylingler is reconnected to its tee-piece, which is then
evacuated via valve V5 to remove air. The tee-piece is then
repressurize¢d by opening valves in.the order V1, V2 and V3.
iod starts with the opening of valve V4. The valves,
V4, of all the cylinders _should preferably be opened
simultaneolsly so that each-component flow starts at the same
time. If thg valves are net‘opened simultaneously (it may, for
example, He advisable to purge the manifold with the com-
plementary| gas), the'eXact time at which each is opened shall
be noted.

The test pdriod’shall be long enough for the mass of gas taken

" mrtsin
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where

ml is the corrected mass of-component i;

m; is the total mass-of component / used

t; is the time, during which component i flowed;

tyin  is'the time during which all components were flowing.

The miglar concentrations are calculated from the corrected
masses according to the formula in clause 3.

6 Sources of error

It is considered that the purity of the constituehts and the com-
plementary gas is such that it does not introduge any significant
error.

The total mass of each component which has Been used can be
measured with a high degree of accuracy. Thg accuracy of the
mixture produced at any moment is principally affected by the
constancy of the flows of each component. These can be
estimated either from knowledge of the stability of the constant
flow devices or from observation of the readings of a con-
tinuous analyser which is being fed from the mixing system. In
this latter case, the characteristics of the ana’I/ser, particularly
its response time, drift and discrimination, hgve an overriding
influence on the evaluation of the stability of [the system.

Flow variations on start-up and the smail amotint of gas which
is vented from the tee-piece are further sourges of error. The
sequence of closing valves means that the congtant flow device

from each cylinder to be measured accurately and for the ef-
fects of flow variation on start-up to be minimized. During the
test period, the analyser readings shall be taken regularly. The
readings to be used for calibration are those observed after the
initial stabilization of the analyser response.

At the end of the test period, the cylinders are isolated, again
following the sequence of closing valves in the order V4 {which
defines the end of the test), V3, V2 and V1. The gas in each
tee-piece is vented via V5, and each cylinder with its regulator
and valve V2 is weighed as before. As for start-up, the valves,
V4, of all the cylinders should preferably be closed
simultaneously. The time at which each valve V4 is closed shall
be noted if they are shut off at different times, or if the gas
flows were started at different times.

becomes pressurized throughout to the pressure set on the
cylinder regulator. This is bound to cause a flow surge when
the valve is reopened for the test. The size of the resulting error
cannot be greater than the amount of gas required to pressurize
the constant flow device relative to the total amount of gas let
through, and so may be estimated from knowledge of the inter-
nal geometry of the device. In the same way, the gas lost from
the tee-piece can be estimated from its dimensions.

Alternatively, any contribution from these variations may be
measured by observing whether a linear relationship exists be-
tween the change in the observed mass of the assembly and
the time during which the gas is let through, subject to the
limitation on the minimum mass of gas used as previously
described.
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