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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through 1SO 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 commrttee International organrzatrons governmental and non- governmental in

liaison with
Commission

Internationa

Draft Interng
Publication 4

(IEC) on aII matters of electrotechmcal standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

tional Standards adopted by the technical committees are circulated to the metmber bodies
1S an International Standard requires approval by at least 75 % of the member'hodies casting
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Annex A of t

hall not be held responsible for identifying any or all such patent rights:

Standard ISO 6145-5 was prepared by Technical Committee ISO/TC 158, Analysis of gases.
nsists of the following parts, under the general title Gas analysis — Preparation of calib
g dynamic volumetric methods:

flethods of calibration

olumetric pumps

ontinuous injection method

apillary calibration devices

ritical orifices

hermal mass-flow controllers

aturation method

Permeation method

m, has been withdfawn.

his part of 1SO+6145 is for information only.

be the subject of<aZfuture part 8 to ISO 6145. Part 3 to 1ISO 6145, entitled Periodic injecti

otechnical

for voting.
a vote.
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Introduction

This part of ISO 6145 is one of a series of International Standards dealing with the various dynamic volumetric
techniques used for the preparation of calibration gas mixtures.

© 1SO 2001 - All rights reserved \Y
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pf ISO 6145 specifies a technique for the continuous production of calibration gas‘mixtures fron
tures using capillary devices in single or multiple combinations (gas dividers).

illary systems can be used to provide gas mixtures where the minor.cemponent is in the ran
om 10~ %10 0,5.

e repeatability of this technique is approximately 2 %. This)application is used in industrig

the production of specific gas atmospheres.

hese devices are capable of dilutions in the range of volume fractions from 0,1 to 0,9 of the
tive repeatability of better than 0,5 %.

y of the gas mixtures produced by a gas divider can be achieved by comparison of a mixture

\.

ative references

ing normative documents contain provisions which, through reference in this text, constitute
f ISO 6145. For datedreferences, subsequent amendments to, or revisions of, any of these pu
However, parti€s’to agreements based on this part of 1ISO 6145 are encouraged to iny

edition of thesnormative document referred to applies. Members of ISO and IEC maintain
alid Interpational Standards.

Gas ‘analysis — Comparison methods for determining and checking the composition of ¢

mixtures.

h pure gases

pje of volume

| gas mixing

brs can be used to divide gas mixtures prepared from.gases or gas mixtures into controlled poportions by

primary gas

at the higher

end of the range with gas mixtures related to national or international gas standards. An example is given

provisions of
blications do
estigate the

of applying the'most recent editions of the normative documents indicated below. For undated references,

registers of

libration gas

ISO 6145-1:1986, Gas analysis — Preparation of calibration gas mixtures — Dynamic volumetric methods — Part 1:
Methods of calibration.

3 Singular or multiple capillary combinations

3.1 Prin

ciple

A constant flow of gas from a capillary tube under conditions of constant pressure drop is added to a controlled flow

of comple
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3.2 Apparatus

3.2.1 Two-capillary system , as shown in Figure 1 and consisting of the following.

Key
Gas|A

Twotstage pressure regulator
Fing adjustment valve

Pregsure differentiahmanometer
Caplllary

Mixipg manifotd
Conjplementary gas
GaZImixture

O ~NO UL S WN P

Figure 1 — Two-capillary blending system

3.2.1.1 Capillaries , each capillary is supplied with gas from a cylinder fitted with a two-stage pressure regulator,
gas filter and a fine adjustment valve.

The appropriate capillaries shall be selected to give the required flows of gases A and B into the mixing manifold.
These capillaries shall be calibrated using the method described in ISO 6145-1:1986, clause 3. The gas flow from
one capillary is passed into a soap-film meter and readings are taken of the differential pressures required to provide
a range of flows. A calibration curve is constructed by plotting pressure differences (p; — p,) against flow rates. The
gradient of this line will be the individual calibration factor K for the specified gas [see equation (2)]. The results of
this calibration will allow a capillary to be selected such that the required flow can be obtained by adjusting the
pressure drop across the capillary.

2 © 1S0 2001 - All rights reserved
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3.2.1.2 Two-stage pressure regulator , equipped with fine adjustment valves.
3.2.1.3 Differential manometer , capable of measuring the pressure drop across the capillary.

3.2.1.4 Gas manifold , fed by the flow from each capillary where mixing occurs to produce the calibration gas
mixture at the outlet.

3.2.1.5 Gasfilters , to filter the component gases, so as to prevent blockage of the capillaries.

3.2.1.6 Thermostatic controller (optional), to maintain the temperature of the capillaries constant. Variations in
temperature can cause a significant change in the viscosity of the component gas passing through the capillary. For
high accuraey—ttis-recessaryte-provide-thermostatic-control-ofthe-capifaries—With-thermestatiecontrgl of a water-

jacket to H 1 °C, the volume fraction of the final mixture will not vary by more than =4 2 %.

3.3 Progedure

Open the|gas supply cylinders and adjust the two-stage pressure regulators to approximately 200 kPa jgauge outlet
pressure.|Open the fine adjustment valves to give the pressure drop across the capillaries required fof the desired
flows.

3.4 Calgulations

3.4.1 Capillary flow rate

The volune flow rate gn of a gas A emerging from a capillary cam,be approximately expressed as:

4
gn = % 1)

where

T is the radius of the capillary tube;

D1 is the inlet pressure to the capitlary;

D2 is [the outlet pressure of the capillary;

n is [the dynamic viscasity of the gas at the temperature of usage;

L is the length of the capillary tube.

For a given capillaty*this expression can be simplified:
qa = Kk (pl —P2) 2)

where K is an individual factor for gas A.

© 1S0 2001 - All rights reserved 3
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3.4.2 Volume fraction
The volume fraction of component A, @, is defined by the equation

_ qa
ga + Qs

©a (3

where

ga is the volume flow rate of gas A,

Qs is th¢ volume flow rate of gas B.

3.4.3 Unceftainty
Variations in|pressure differential Ap (= p; — p») will be affected by changes in atmospheri¢pressure acfing on the
outlet of the [mixing manifold. In a binary system, both gases will be similarly affected and-the combined grror in the
system will he compensated. There will be an error associated with the calibration measurement using the method
defined in 1ISO 6145-1:1986, clause 3.
Referring to equation (2):

qn = K}Ap (4)
where Ap i equal to (p; — p»).

The relative combined standard uncertainty u. of g is:

te (an) :\/[Mr+ [Mr ®

aa K Ap

where

u(Ka) is ]he standard uncertainty of K%according to the calibration of the capillary;

U (Ap) is fhe standard uncertainfy Jof the pressure differential Ap due to its variability.

For the example of a binary,mixture the uncertainty of the composition can be expressed in the form of the relative
uncertainty ¢f the volume fraction of component A, as in equation (3):

qa
g4 + g8

(6)

U(pn) 20 \/|:U(QA):|2+ {@r 7)

) B ga + gB qn qs

The reported expanded uncertainty of measurement U ((pA) is stated as the standard uncertainty of measurement
multiplied by the coverage factor k£ = 2 calculated for a normal distribution to give a coverage probability of
approximately 95 %.

The accuracy of the mixture produced at any moment is principally affected by the constancy of the flow rates of each

component. These can be estimated by observations of the variation in the pressure differential manometers applied
across each capillary.

4 © 1SO 2001 — All rights reserved
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4 Multiple capillary devices using gas dividers

4.1 Gas dividers

Commercially available units called gas dividers which contain combinations of similar capillaries can be used to
further dilute calibration gas mixtures with complementary gas, thus generating further calibration standards.

The gas mixtures generated by these units are frequently used to assess the performance of analytical
instrumentation. This instrumentation may be employed in cases where a requirement of traceability is mandatory. In
such cases, it is necessary that these units be calibrated by a method traceable to national or international
standards—Arapproveds-methodHste-seleettwo-generated-gasmbduresat<25-%anrd—>—5-%efa-given range and

carry out 4 comparison check with these gas standards at similar volume fractions.

The agregment between the two results will confirm the accuracy of the gas divider and proyide-tracgability to the
other gas|mixtures in that range. An example of this technique is given in annex A.

4.2 Principle

4.2.1 A gas divider contains a combination of capillary tubes of exactly the same-4engths and diameters. Provided
there is n@t a large difference in viscosity of the gases employed and the pressure across the capillaries is constant,
each tube will possess the same resistance to flow.

4.2.2 The flow rates of a component gas and a dilution gas are conttolled by the capillary tubes anfl blended to
generate fhe gas which is divided. The volume fraction of the generated gas is determined from the fflow rates of
componeit and dilution gas.

In the example illustrated in Figure 2, the gas divider has 10\capillaries.

Key

Dilution gas

Pressure regulator

Capillary

Division-switching valve

Generated gas

Component gas, volume fraction, o
Exhaust gas

~NOoO o~ wWwNPRE

Figure 2 — Calibration gas generator using gas divider

© 1SO 2001 — All rights reserved 5
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By selecting the total number of capillaries through which the component and dilution gases flow, 11 stages of
dilution, varying from 0 to 10, can be obtained.

Either the component gas or dilution gas always flows through the 10 capillaries. The volume fraction, ¢, of the gas
to be generated is calculated using the following equation.

n

pr=—X

®o

10

where

®)

n is thg

%o

As the flow (¢
the selectio
fraction are

4.3 Operating controls

Most availa
capillaries a

4.4 Sourc

441 Temp

To eliminate
which acts 4
gases and i
controlled.

4.4.2 Visco

Viscosity effects can-have an appreciable effect on the flow rates of gases through the capillaries. This ef

with the typ4
over 1 %.

is the volume fraction of the component gas.

b number of capillaries through which the component gas flows;

haracteristics of the 10 capillaries are identical, external changes affect themall equally. Con
of different capillaries controlling the component and dilution gas flows to give a requirg
naffected by changes in temperature and atmospheric pressure changes.

ple gas dividers incorporate a solenoid switching system which enables the selection g
nd different volume fractions of the gas divided.

ps of errors in generating calibration gases

erature

temperature effects, most gas\dividers have all the gas flow capillaries mounted on one m
s a heat sink for the capillaties. Any change in temperature applies to both complementary al
5 compensated. Capillaries on separate blocks, whose temperatures vary, shall be therm

Sity

of gag-used and its volume fraction. Some viscosity data can be used as a guide for volumg

sequently
d volume

f different

etal block
hd dilution
ostatically

ect varies
e fractions

Some gas dividers, which are computer controlled to calibrate instruments, have a built-in correction for viscosity
effects on the calibration curves produced from these analysers.

4.4.3 Calibration of the gas divider

To achieve the stated accuracy of this technique, it is necessary to carry out a calibration of the gas divider. Two
points on a range of volume fractions of gas mixtures, one at < 25 % and the other at > 75 % of the range, are
compared in accordance with 1SO 6143 using gas standards traceable to national or international bodies. The
agreement obtained from this comparison determines the accuracy of the gas divider. An example of this comparison
is given in annex A.
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4.4.4 Pressure
Atmospheric pressure variations affect both gas flows equally and cancel out.
During operation, the gas pressures of the component and dilution gas shall be adjusted by external regulators. Care

shall be taken to ensure that the required pressure differential does not substantially fall (to 70 %), otherwise the
accuracy of the gas divider is affected.

© 1SO 2001 — All rights reserved 7
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Annex A
(informative)

Numerical example

A.1 Calibration of a gas analyser using a gas divider

In this example, a gas standard containing 4,571 % carbon dioxide in nitrogen is diluted with nitrogen to provide gas
mixtures in the range of volume fractions from 0 % to 4,571 %. The gas divider is computer controlled and feeds an
infrared gas|analyser. The regression on the results is calculated using a computer programme and is pr¢sented in
Table A.1.

NOTE All gakes used for calibration purposes should be analysed before use, to check for the presence 0f\any component gas
that may invaljdate the volume fraction of the minor component.

Table A.1 shows the information produced by feeding the gas mixtures generated frém the gas divider into an
infrared gas jJanalyser.

A.2 Calibration of a gas divider (assessment of traceability procedure)

Calibration i$ carried out by feeding traceable standards into the gas analyser and calculating the results| using the
generated ciirve obtained by using the gas divider. Primary reference gas mixtures are fed into the analyser to spike
the generat{d curve. In general only two spike gases are required, ‘oné at < 25 % and the other at > 7% % of the
range measlired in order to confirm individual points on the curve.

The results [of the calibration process are given in Table A’2 below. The variations between current| and new
coefficients are given in Table A.3 and the spike gases employed are defined in Table A.4. The values oljtained for
the spike gap mixtures (1 to 5) are shown in Table A.2.

8 © 1SO 2001 - All rights reserved
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