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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards institutes (ISO member bedies). The work of developing Inter- 
national Standards is carried out through ISO technical committees. Every member 
body interested in a subject for which a technical committee has been set up has the 
right to be represented on that committee. International organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. 

International Standard ISO 6143 was developed by Technical Committee ISO/TC 158, 
Analysis of gases, and was circulated to the member bodies in October 1979. 

lt has been approved by the member bodies of the following countries : 

Australia France 
Belgium Germany, F. R. 
Bulgaria Italy 
Czechoslovakia Netherlands 
Egypt, Arap Rep. of Philippines 

Poland 
South Africa, Rep. of 
Spain 
USSR 

The member body 
technical grounds 

0 

of the following country expressed disapproval of the document on 

United Kingdom 

International Organization for Standardization, 1981 0 

Printed in Switzerland 
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INTERNATIONALSTANDARD ISO 61434981 (E) 

Gas analysis - Determination of composition of 
calibration gas mixtures - Comparison methods 

0 Introduction 

Comparison methods are generally used when large quantities 
of gas are available, for example gas mixtures under pressure. 
Such mixtures are prepared by methods which are not always 
conducive to high accuracy, but, from the practical Point of 
view, it is convenient to use them for calibration when they 
have been accurately analysed for the concentrations of the 
components. 

1 Scope and field of application 

This International Standard provides means for determining the 
composition of calibration gas mixtures by comparison 
methods. The concentration of each component in the mixture 
has to be determined, but it should be noted that the accuracy 
of the value of each concentration may vary over a fairly large 
range, depending on the type of apparatus used to make the 
comparison. 

The principal application of comparison methods is the 
preparation of large quantities of gas for frequent calibration of 
analysers in routine use. 

2 Principle 

The preparation of a gas mixture tan be achieved in several 
ways. In general, a rapid but imprecise method is used 
employing large quantities of gas. 

Determinations of the composition of mixtures thus prepared, 
suitably stabilized and homogeneized, is performed with an 
analyser, by comparison with one or more calibration gas mix- 
tures of closely similar composition. 

The accuracy depends on the care taken in performing the 
analysis, on the analyser used, and on the quality of the calibra- 
tion gas mixtures. 

To minimize uncertainties due to the analyser, it is desirable to 
carry out several determinations and to analyse the results 
statistically. 

3 Procedure 

3.1 Use of a Single calibration gas mixture for 
comparison 

A calibration gas mixture E is used, composed of the same 
components and having a concentration similar to that of the 
mixture X to be analysed. Mixture E is prepared by one of the 
methods specified in other appropriate International Standards. 
Let C, be the concentration of one component of mixture E 
and Cx be the concentration of the same component in the 
mixture X for analysis. Test portions of X and E are introduced 
successively into the analyser and the ratio r of the respective 
Signals Yx and YEl read from the analyser, is calculated. 

For each component, as a function of r, 

CX 
yX 

= CE - = C,r 
YE 

Practical limitations require that the maximum error is obtained 
by the calculation of errors; thus AC,/C,, as defined in the 
sense of error calculation, is retained for primary calibration 
mixtures, and A Y is assigned as the confidence interval at the 
95 % confidence level for Y estimated as the mean value of a 
series of n measurements. 

With the reservation that the Sample quantities are introduced 
under identical conditions (temperature, pressure and, if 
appropriate, flow rate), the maximum relative error of the con- 
centration Cx is given by the formula 

AC, AC, AY 

‘X < ‘E 
-+2y; YX”YE’y 

NOTES 

1 This method of calculation assumes that the response cut-ve of the 
analyser is linear and Passes through the origin. If the analyser does not 
have a linear response, it is necessary to employ several calibration gas 
mixtures for the comparison. 

2 Random errors due to uncertainty of the analyser are evaluated by 
statistical analysis of the results. 
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ISO 61434981 (E) 

Assuming a gaussian distribution of results : 

t 
Ay = sr - 

d- n 

where 

Ay is, for example, the 95 % confidence level of the measure- 
ment for y, estimated as the mean value for a series of n 
measurements; 

sr is the Variation measured; 

t is the Student-Fischer coefficient. 

The true value will be more closely approached as the number of 
measurements is increased; the effect of errors will thus be minimized. 

3.2 Use of two calibration gas mixtures for 
comparison 

The use of two calibration gas mixtures permits the form of the 
analyser response curve to be neglected. 

The mixtures must be composed of the same components as 
the mixture to be analysed. 

Let Yi be the value of the Signal obtained for concentration Ci. 

Given that C, < Cx < C2, it tan be considered that C, and C2 
are very close to Cx, so that section AB coincides with the part 
of the analyser curve in this measuring region (see figure 1). 

Under these conditions, the concentration 
means of one of the formulae 

c, Cx L2 
Concentration 

Figure 1 - Graph of Signal obtained as 
a function of concentration 

Cx is calculated by 

1 
c)( = s (Ys - Y,) + c, 

Y2 - y1 with S = ------ 
c2 - c, ' 

i.e. S is the slope of the response curve in 

the region under consideration, 

CX = c, + mcc2 - C,) 

with m = Yx - Yl 
-, O<m<l. 
Y2 - y1 

The maximum 
by the formula 

te error of the concentration Cx is given 

ACx G (1 - m)AC, + mAC, + 

1 
+ s [(l - m)AY, + mAY2 + AYx] 

where AC,, AC,, A Y,, AY2and AYx are the absolute errors of 
the concentrations and the responses considered respectively. 

lt may be considered that 

AC, AC, AC 
- - 

c, -q=c 

AY, AY2 AYx AY 
~ = - = -=- 

Yl Y2 yX Y 

Furthermore 

Yx = Y, = Y2 

Thus, the expression for relative error becomes 

ACx AC 2YxA Y 

-<c+- CX sc, Y 

where A Y/Y is the repeatability of the analytical unit for the 
measurement in question. 

3.3 Multipoint calibration for use with the 
comparison method 

The use of multiple calibration gas mixtures allows an analyser 
response curve (linear or non-linear) to be determined. This 
method of calibration allows an analyser to be used for com- 
parison over the entire useful response range. To eliminate 
possible analyser response interferences, the calibration gas 
mixtures, as well as those to be compared, must be composed 
of identical components unless it is known that these com- 
ponents will not contribute to the analyser response. 

Using as many gas mixtures for calibration as is necessary, 
statistically determine a response curve by measuring the 
analyser response for each of the known gas mixtures. The 
number of calibration gas mixtures to be used depends upon 
the type of analyser response, but should consist of a minimum 
of three mixtures. After calibration, the mixtures to be com- 
pared tan be analysed knowing the analyser response as long 
as the unknown mixture does not exceed or fall below the 
response obtained for the highest or lowest known concentra- 
tion respectively. The frequency with which the multipoint 
calibration must be repeated will depend on the operational 
history of the specific analyser being used. The number of 
measurements required to obtain a truly representative analyser 
response has to be determined by statistical treatment, after 
considering the analyser precision and the accuracy required. 

An example of multipoint calibration is given in the annex. 
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Annex 

Example of multipoint calibration 

This example consists of the determination of the concentration of a series of calibration gas mixtures having carbon dioxide concen- 
trations in the range of 0 to 14 % by the use of the comparison method and multipoint calibration. The method of comparison used is 
based on a non-dispersive infrared analyser and a series of known and verified carbon dioxide calibration gas mixtures to determine 
the instrument response. 

The accuracy of the known carbon dioxide calibration mixtures is Ifr 1 %, and it is desired that the total uncertainty of the unknown 
mixtures be determined within k 5 % of the carbon dioxide component. 

The response of the non-dispersive infrared analyser is determined using calibration gas mixtures at approximately 
0-10-30-50-75 and 95 % of the useful analyser range. This number of Points was selected to define accurately the analyser 
response to yield the It 5 % total uncertainty required. The analyser response is plotted after regression calculation as shown in 
figure 2. The instrument response is subject to small variations, and these are compensated by reference to the calibration gas mixture 
having a concentration most similar to that of the unknown mixture. The level of these variations tan only be determined through ex- 
perience with a particular instrument. In this example, the analyser response at any Point must not vary by more than & 2 % relative; 
if it does, or if the constancy of response is not known, the entire calibration curve must be redefined for each use. 

The analyser response is measured in triplicate for both the calibration gas mixture and the unknown Sample. 

The true value of the carbon dioxide concentration in the calibration gas mixture in this example is 7,20 %. The corrected value for the 
unknown Sample is given by the formula 

Unknown, corrected value = Unknown, first concentration reading x 
True value for calibration gas mixture 

First concentration reading for calibration gas mixture 

i.e. 

Corrected value = First concentration reading x Correction factor 

T 
Test True 
No. value Response 

First 
concen- 
tration 
reading 

% 

Correction 
factor Response 

% % % 

1 7,20 65,6 7,20 1,~ 74,7 
2 7,20 65,3 7,17 1,004 74,2 
3 7,20 65,0 7,13 1,010 74,8 

Calibration mixture T Unknown mixture 

First 
concen- 
tration 
reading 

% 

8,86 
8,81 

W3 
Mean 

Corrected 
value 

% 

8,86 
8,85 
8,97 

889 

Since the mean calculated unknown concentration is 8,89 %, the maximum deviation from the mean IS 

8,97 - 8,89 

W9 
x 100 = 0,9 % 

This procedure is repeated for each mixture to be determined. The number of determinations required will depend on the repeatability 
and reproducibility obtained. 

In this example, it was required that the total uncertainty be not more than L- 5 %, so that three determinations were satisfactory. 

3 
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Figure 2 - Response curve of the analyser to the calibration gas mixtures 
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