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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards institutes (ISO member bodies). 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 6142 was developed by Technical Committee ISO/TC 158, 
Analysis ofgases, and was circulated to the member bodies in November 1979. 

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

Australia Germany, F. R. 
Belgium Italy 
Bulgaria Netherlands 
Czechoslovakia Philippines 
France Poland 

South Africa, Rep. of 
Spain 
United Kingdom 
USSR 

No member body expressed disapproval of the document. 

0 International Organization for Standardization, 1981 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 6142-1981 (EI 

Gas analysis - Preparation of calibration gas mixtures - 
Weighing methods 

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. 

lt 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 differente 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 resch 
molar concentrations at the level of 10e6 with acceptable errors 
which depend upon the characteristics of the balances and the 
procedure used. 

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 10B3 < Xi < 1 (molar). The concentration Xi 
in the mixture (mixture a) is given by the formula 

ni ni 
Xi = =- 

?Zi + Cnj n 

wherei,jE Kp1 andj # i 

where 

i, j are indices of the components considered, of molar 
concentrations Xi, Xj ; 

p is the total number of components in the mixture; 

ni is the number of moles of component i, of molar 
mass Mi, corresponding to the mass mi introduced SO that 

ni = - 
Mi 

n. is the number of moles of component j, of molar 
mass Mj, corresponding to the mass mj introduced SO that 

?Tl. 
n. = J 
J AI. J 

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

m= ??li + Cmj 

n = ni + Cnj 

2.1.2 Method by double dilution 

This is applicable to mixtures having concentrations in the 
range 10m4 < X2i Q 10m3 (molar). A mass,+ of a concentrated 
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ISO 6142-1981 (E) 

mixture (obtained in 2.1 .l, called mixture a) is diluted with a 
mass pdl of a gas of molar mass Md ; generally, the complemen- 
tary gas used in 2.1 .l is also used for this purpose. The concen- 
tration X2iOf the dilute mixture (mixture b) is given by theformula 

43 = N3t + Nd2 is the total number of moles of the 
mixture c thus obtained. 

The following quantity is also considered : 

Pl ms3 = !$ + Pd2 
- X ni 
m N2i N2i 

X2i = 
Pl Pd1 = N2t + Nd, = Ns2 

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

-xn+- 
m Md 

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

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

N2i = 
Pl 
- X ni is the number of moles of component i 
m 

introduced in the mass ,u, of mixture a; 

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

- weighing carried out under low pressure in Order that 

Nd1 = 
Pd1 
M is the number of moles of the diluting gas 

n 
introduced-in the mass ,Ud1 ; 

necessary corrections due to buoyancy are negligible. 

2.1.4 General precautions 

4 
N2t = - x n is the number of moles of components 

m 
i, j introduced in the mass p, of mixture a; 

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

N s2 = N2t + Nd1 is the total number of moles of the 
mixture b thus obtained. 

The following quantity is also considered : 

- the nature and state of the transfer line; 

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

ms2 = /$ + &-jl 

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

- 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 stritt quality 

2.1.3 Method by triple dilution control. In particu lar, one has to determine the concentration 
of all components that tan exist in the final mixture or that tan 
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. 

This method is applicable to mixtures of low concentrations in 
the range 10e6 < X3i < los4 (molar). A mass ,u2 of mixture b 
is diluted with a mass (ud2 of a gas of molar mass M d-t the same 
as that used in 2.1.2. The concentration X3i of the drluted mix- 
ture (mixture c) is given by the formula 

Cylinders shall comply with the requirements of all correspon- 
p2 

- X N2i ding International Standards and shall not be in contradiction 

ms2 N3i N3i with national regulations. 
x3i = p . Pd2 I-xNs2+- 

= N3t + Nd2 = Ns3 

ms2 Md 
2.2 Sources of error 

where 2.2.1 Precautions for gas handling 

N3i = 
p2 

- X N2i is the number of moles of compo- 
ms2 

nent i introduced in the mass ,u2 of the mixture b; 

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 

N d2 = LCL is the number of moles of the diluting gas 
Md 

introduced in the mass Pd2 ; 

N3t = 
p2 

- x Ns2 is the number of moles of compo- 
to avoid any loss of the gas previously weighed. In Order to avoid 

m cf3 back-diffusion, the cylinder shall also be isolated over the period 
nents i, j:Ld, introduced in the mass ,u2 of the mixture b; during which thermal equilibrium is being achieved. 
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ISO 61424981 (E) 

2.2.2 Errors specific to weighing in ambient 
atmospheres 

3 Weighing in ambient atmospheres 

3.1 Simple weighing 
The total absolute error in the concentration of each of the 
components depends on the equipment and the operating 
conditions used. 3.1.1 Procedure 

The balance used shall have suff icient sensitivity and 
dynamics to ensure the req uired relative accuracy. 

measu ring 
Errors which 
are due to : 

are introduced by the balance into gas quantities 

The chambers used may 
and heated before use. 

be metal cylinders, suitably evacuated - absolute errors due to the weights having been 
changed between two successive weighings; 

The pressure in the cylinders at 
treatment shall be less than 1 Pa. 

the end of this preliminary - the Variation in buoyancy due to Variation in the volume 
of the weights used during two weig hings of the same gas. 

For weighing, the following operations are performed : 
Errors introduced by the operating conditions used are mainly 
due to the large volume of the cylinder on which the buoyancy 
operates. 

- set the balance to Zero; 

place the empty cylinder on the balance and weigh it; - 
Parameters that may affect the error are the following : 

introduce the first component into the cylinder; - 
- ambient temperature; 

- check the zero of the balance; 
- atmospheric pressure; 

- weigh the cylinder containing the first component; 
- relative humidity of the air; 

introduce the second component; - 
- increase in volume sustained by the cylinder during its 
filling . - continue as before. 

All operations shall be performed in a clean and stable 
atmosphere (constant pressure and temperature). During 
weighing, the cylinder shall have the same temperature as the 
environment. 

The Parameters listed above tan be determined accurately. 

A correction formula permits detecting the value of buoyancy 
and thus correcting the apparent mass of the gas cylinder and 
obtaining the real mass of the cylinder for each weighing. 

3.1.2 Practical example 
The absolute uncertainty of the value of the real mass is thus a 
function of the accuracy to which the values of the Parameters 
are known. 

The weights used in the balance are approximately of class E, 
(OIML Recommendation No. 20). The balance used operates 
under a constant load equal to 8 kg and has a sensitivity of 
1 mg. The relative error in the concentration of each of the 

components is thus a function of the quantity of each of these 
components. lt thus depends on the concentration desired. 
This error, according to each case, is less than 5 x 10A3 if the 
molar concentration is greater than 10S3, and less than 10e2 if 
the molar concentration is less than or equal to 10b3. 

A number of weights covers the range 8 kg to 10 g; an Optical 
device with a vernier scale permits reading of variations of mass 
between 10 g and 1 mg. 

32 . Weighing against a reference cylinder 
2.2.3 Errors specific to weighing under vacuum 

3.2.1 Procedure 
Weighing under vacuum enables the influence of buoyancy to 
be neglected. Under these conditions, the absolute error in the 
value of the concentration of each component no longer 
depends on the weights employed and correction calculations 
are therefore unnecessary. 

Components are introduced one at a time and, after thermal 
equilibrium of the cylinder and components with the 
environment is attained, the cylinder is weighed. lt is 
considered that thermal equilibrium is attained when the 
cylinder weight remains constant. 

As before (see 2.2.21, the relative error is a function of the 
amount of each component introduced into the cylinder. lt thus 
depends on the concentration desired. According to each case, 
this error is less than 1 x 10e3 if the molar concentration is 
greater than 10w3, and less than 5 x 10m3 if the molar 
concentration is less than or equal to 10e3. 

The cylinder weight and the additional weight of each added 
component are measured by comparison with a similar cylinder 
on which no Operation is performed other than weighing. This 
procedure automatically corrects for variations of buoyancy 
due to barometric pressure. 
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ISO 6142-1981 (E) 

3.2.2 Practical example lt is possible to write : 

The analytical balance used has a capacity of 240 g and a 
resolution of 0,l mg. 

Am. 
l< 

Ab, + Ab, + 2Ae 

mi (3 + 62) - (P, + E,) 

The cylinders are made of aluminium alloy and have a mass of 
approximately 200 g. and 

Am. 
2< 

Ab, + Ab, + 2Ae 

mi mi 4 Weighing under vacuum 

4.1 Procedure where 

The balance is placed in a reduced pressure chamber (less than 
or equal to 1 Pa). 

AE = Aep + AE, 

AeP is the absolute error of the reading on the vernier scale 
during the weighing Operation; Weighing under reduced pressure is the only modification to 

the procedure described in 3.1. 

AE0 is the absolute error of the reading on the vernier scale 
during setting to zero Prior to each weighing; 

With this type of device, the cylinder is preferably introduced 
into the chamber through a leck chamber and the filling and 
weighing operations are carried out in the same manner as 
previously. 

Mi is the molar mass of component i assumed to be 
known to the nearest 10V5. 

Weighing under reduced pressure permits the carrying out of 
operations on a cylinder which is not in thermal equilibrium 
with the environment. lt is thus possible to weigh a cylinder as 

4.2.2 Case of mixtures obtained by double dilution 

soon as filling is terminated 

4.2 Results obtained 

The method thus defined 
realization. 

- Concentration expression : 

k - X ni 
m 

X2i = 

m Md 

tan give rise to three means of 

4.2.1 Case of mixtures obtained by Single dilution 

- Concentration expression : 

mi 

In most cases, the diluting gas is the same as that used as the 
major component in mixture a. This is the case considered 
here. 

Mi 
Xi = 

mi 
c 

m. 
y+ --/ 

i .i 

- Expression of relative uncertainty of the molar concentra- 
tion of component i : 

- Expression of relative uncertainty in the molar concentra- 
tion of component i : 

‘Pd1 Ndl 
+- 

Pd1 x 52 
AXi Ami Am. 

- < - (1 - Xi) + 
xi mi 

c -’ x xj + 
m. J 

mi -- 
m h”i 

c 

AM 
(1 

‘Mi - 
xi) + J x xj 

9 + p~+(7-;)-&xq where 

mi is the mass of component i introduced, i.e. 
AM 
-l 

4 

’ Mi 
- Xi x -!T- x - 

Ns2 m (P + El2 - (P + d,; 

P, and P2 are the two weight assemblies having a com- 
mon part a and an individual part b, for P, and b, for P2; + c 

AM 
/ x xj x 

n Pl ---X- 
Mj Ns2 m 

&, and e2 are the values read on the vernier scale, respec- 
tively, during the two weighings determining the quantity of 
gas introduced. 

A”d Ndl 

+ Md ’ Ns2 
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&2i 
lt is noted, in the differential expression --, that the same sign 

x2i 
dMj dMd 

for factors of M and - keep the validity of the previous 
Md 

terms when one of the components j is identical to the diluent d. 

4.2.3 Case of mixtures obtained by triple dilution 

- Concentration expression : 

p2 
- X N2i 
ms2 X3i = 

p2 4i2 -xN,+- 
mS2 Md 

- Expression of relative uncertainty of the molar concentra- 
tion of component i : 

h3i ‘12 

( 

Ns2 p2 -<----- l--x- 

x3i p2 Ns3 ms2 > - 
Ah 4 Ns2 p2 p2 

+-l--l--x-+-+.; r ( 4 L ms2 Ns-3 mS2 > s3 - 

‘Pd2 
+- 

Pd2 

‘Pd1 
+- 

Pd1 

Nd2 
M 

N2 
= 28,013 4 g/mol 

x Ns3 the following quantities are calculated : 

-Pd, - l-- 

mS2 ( 

mi / 

~x$)+$$ij -=7yg 

mi\ n p2 4 1 

4.2.4.1 Simple dilution 

Consider a binary mixture (argen in nitrogen) prepared by the 
weighing method under vacuum : 

- mass of the empty cylinder : 5 931 006 mg 

- mass of the cylinder containing argon : 5 952 154 mg 

- mass of the cylinder containing nitrogen and argon : 
6 617 949 mg 

from which 

the mass of argon introduced, m, = 21 154 mg 

the mass of nitrogen introduced, m2 = 665 795 mg 

and 

ml + m2 = 686949mg 

From : 

MA = 39,948 g/mol, and 

L 
- 

c Am. 
+ ---L 

m. J 

J 

n h. 2 (u \ -( 
+ Mi 

- Xi x - x - x - 
Nb!33 m ms2 / 

c 
AM n Pl p2 

+ J x xj x - x - x - 

Mj Ns3 m ms2 

hMd 

+ Md 

Nd2 Ndl p2 

N,fi&Xt?la > 

&3i 
lt is noted, in the differential expression -, that the same 

x3i 

sign for factors of 
dMj dMd 
M and - keep the validity of the previous 

Md 
terms when one of the components j is identical to the diluent d. 

4.2.4 Numerital examples of mixture preparation 

Numerital calculations enable a better grasp of the size of the 
terms used. 

NOTE - The relative errors on molar masses of 10 -6 to 10 -5 are, for 
the time being, negligible in relation to the measurement techniques 
currently available. 

n = n, + n2 = 24,296 557 

xl = 2,179 5 x 10m2 in argon 

x2 = 1 - x, = 0,978 205 in nitrogen 

and 

hx, Am1 Am2 
- < - (1 - XI) + - (1 - x,) 

xl ml m2 

from 

Aml = 6mg 

Am2 = 69 mg 

Am1 - = 2,84 x 10-4 
ml 

Am2 - = 1,04 x 10-4 
m2 

hx, < (234 x IO-~ + 1,04 x 10-4) x 0,98 
xl 

bl 
- < 3,8024 x 10-4 
x1 
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