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INTERNATIONAL STANDARD

1SO 6142-1981 (E)

Gas analysis — Preparation of calibration gas mixtures —

Weighing methods

1 Scope and field of application

This Interngtional Standard specifies weighing methods for the
preparation| of calibration gas mixtures for which the accuracy
of the cong¢entration of each component is better than 1 %,
whatever tle values of the selected concentrations.

It is applicaple 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 Princjples of the methods

2.1 General principles

A chamber|is weighed before and after the_introduction of a
certain quahtity of a gaseous component 6f\known quality.

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

The introdyction 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 domponent weights. The weight ratio thus ob-
tained is equivalent to a mass ratio.

Under these condition$,~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

I
n

! n; + an
where i, j e [1, plandj # i
where

i, j are indices of the components congidered, of molar

concentrations x;, X,

p is the total number of components in the mixture;

n; is the number of moles of component i, of molar
mass M,, corresponding to the mass m; ifftroduced so that

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

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.

m

J
n. = —
J

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

m=m; + ij

n=ni+2nj

2.1.2 Method by double dilution

This is applicable to mixtures having concentrations in the
range 10”4 < x,, < 1073 (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

Ng3 = Ny, + 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 c thus obtained.
The method thus defined can be carried out in three ways :

— weighing of the chamber carried out at atmospheric

H4
— X n,
1
oo " Ny Ny
2 = = =
My d1 Ny + Ny Ng
— X n+ —
m d
where
H : -
N,; = — x n] is the number of moles of component i
m

introduced in the mass u, of mixture a;

u

Ny = ﬁ I: the number of moles of the diluting gas
d

introduced in the mass 4, ;

Hy .
N,, = — x n| is the number of moles of components
m

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

Ng, = Ny, + |N,; is the total number of moles of the
mixture b thulobtained.

The following quantity is also considered :

Mgy = 1y + Haq

i.e. the total masqg 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 1078 < X < 10~ 4 (molar). A mass 1T, of mixture b
is diluted with a mpss u ,, of a gas of molarmass M, the same
as that used in 2.1.2. The concentratipn wz; of the diluted mix-
ture (mixture c) is|given by the formula

pressure under normal operating conditions,

— weighing carried out at atmospheric(pressyre using a
reference cylinder;

— weighing carried out under low/ pressure in|order that
necessary corrections due to bigyancy are negl{gible.

2.1.4 General precautions

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

— the nature and state of the transfer line;

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

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

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

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

Cylinders shall comply with the requirements of all correspon-

M X Ny, ding International Standards and shall not be in coptradiction
= Msp Ny N3 with national regulations.
5 = - - 3
' M NEN Haz Ny + Ny Ng
my, 2" M, 2.2 Sources of error
where 2.2.1 Precautions for gas handling
Hy . The equipment used for gas handling may be an important
Ny = mg, X Ny is the number of moles of compo- source of errors if its cleanliness and tightness are not

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

Haz . .
42 = 7, is the number of moles of the diluting gas
M,
introduced in the mass 4, ;

u

Ny, = 2 Ng, is the number of moles of compo-
Mg

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

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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2.2.2 Errors specific to weighing in ambient
atmospheres

The total absolute error in the concentration of each of the
components depends on the equipment and the operating
conditions used.

Errors which are introduced by the balance into gas quantities
are due to :

— absolute errors due to the weights having been
changed between two successive weighings;

ISO 6142-1981 (E)

3 Weighing in ambient atmospheres
3.1 Simple weighing

3.1.1 Procedure

The balance used shall have sufficient sensitivity and measuring
dynamics to ensure the required relative accuracy.

The chambers used may be metal cylinders, suitably evacuated
and heated before use.

— thq variation in buoyancy due to variation in the volume
of the weights used during two weighings of the same gas.

Errors intrgduced by the operating conditions used are mainly
due to the[large volume of the cylinder on which the buoyancy
operates.

Parameterg that may affect the error are the following :
— ambient temperature;
— atrpospheric pressure;
— relfitive humidity of the air;

— indrease in volume sustained by the cylinder during its
filling.

The paramieters listed above can be determined accurately.

A correctipn formula permits detecting the value of\buoyancy
and thus cprrecting the apparent mass of the gas‘cylinder and
obtaining {he real mass of the cylinder for each weighing.

The absollte uncertainty of the value of the'real mass is thus a
function of the accuracy to which the-walues of the parameters
are known|.

The relative error in the{ concentration of each of the
componentts is thus a functien of the quantity of each of these
components. It thus,.depends on the concentration desired.
This error,|according to’each case, is less than 5 X 103 if the
molar cong¢entration.is greater than 10-3, and less than 10~ 2 if
the molar goncCentration is less than or equal to 10-3,

The pressure in the cylinders at the end\ ¢f this preliminary
treatment shall be less than 1 Pa.

For weighing, the following operations are performed :

set the balance to Zero;
— place the empty)cylinder on the balgnce and weigh it;
— introduce ‘the first component into the cylinder;
— check/the zero of the balance;
~._weigh the cylinder containing the fifst component;
— introduce the second component;
— 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 femperature as the
environment.

3.1.2 Practical example

The weights used in the balance are approx|mately of class E,
(OIML Recommendation No. 20). The balahce used operates
under a constant load equal to 8 kg and has a sensitivity of
1 mg.

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.

2.2.3 Errors specific to weighing under vacuum

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.

As before (see 2.2.2), the relative error is a function of the
amount of each component introduced into the cylinder. It thus
depends on the concentration desired. According to each case,
this error is less than 1 x 10~ 3 if the molar concentration is
greater than 1073, and less than 5 x 1073 if the molar
concentration is less than or equal to 10~ 3.

3:2—Weighingagainst-areference—<ylinder
3.2.1 Procedure

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. It is
considered that thermal equilibrium is attained when the
cylinder weight remains constant.

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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3.2.2 Practical example

The analytical balance used has a capacity of 240 g and a
resolution of 0,1 mg.

The cylinders are made of aluminium alloy and have a mass of
approximately 200 g.
4 Weighing under vacuum

4.1 Procedure

It is possible to write :

Am;

{

Ab, + Aby + 2A¢

<
m; (P, + &) — (Py + &)

and
Am; Ab2 + Aby + 2A¢
— <
m; m;

where

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

Weighing under reduced pressure is the only modification to
the procedure desdribed in 3.1.

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

Weighing under re|
operations on a ¢
with the environmsg

Huced pressure permits the carrying out of
linder which is not in thermal equilibrium
nt. It is thus possible to weigh a cylinder as

soon as filling is teyminated.

4.2 Results obftained

The method thus
realization.

defined can give rise to three means of

4.2.1 Case of mixtures obtained by single dilution

— Concentration
m

M)

X, = ——]

! m

— Expression of
tion of component

expression :

S
M; Alj

elative uncertdinty in the molar concentra-
i:

Amj
— xj) £ E — X x; +
m; J

Ae = Aep + Ag,

Ag_ s the absolute error of the reading on.the ve
during the weighing operation;

Ag, is the absolute error of the feading on the ve
during setting to zero prior ta each weighing;

M, is the molar masskof* component i assum
known to the nearest 1075,

nier scale

nier scale

ed to be

4.2.2 Case of.mixtures obtained by double dildtion

— Concentration expression :

My
—Xﬂi
m

u u
—1><n+—d1
m M,

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

— Expression of relative uncertainty of the molar ¢
tion of component i :

Ax2l<%1_ixlﬁ
X2i My Ng, m

ed as the
pnsidered

loncentra-

where

m; is the mass

(P+ 8)2 -

P,and P, are
mon part @ and

AM. AM.
! _ __J
+Mi(1 xi)+zijxj

of component i introduced, i.e.
(P + &)y;

the two weight assemblies having a com-
an individual part b, for P, and b, for P,;

g, and g, are the values read on the vernier scale, respec-
tively, during the two weighings determining the quantity of

gas introduced.

+
™M
|5
3|3

+
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dx,.;
Itis noted, in the differential expression ~—&, that the same sign
X2i
dM; dMm,, )
for factors of yYa and —— keep the validity of the previous

d
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 :

ISO 6142-1981 (E)

4.2.4.1 Simple dilution

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

— mass of the empty cylinder : 5 931 000 mg
— mass of the cylinder containing argon : 5 952 154 mg

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

Ha
AL
NG
- [mg from which
Xy = , L
Ka'R X Ne + i the mass of argon introduced, m, <21 154 mg
m 2 M
52 d

— Expresdion of relative uncertainty of the molar concentra-
tion of component i :

Ax,  Au N U,
3’<__2<1__82.x‘i>

X3, My Ng  mg
ALy My Ng, Hy n ”2>
+1—11-—[1-—="x =+ — x =
My Mgy Ng Mg 3 m
Au N
N a2 a2
Mgz s3

the mass of nitrogen introduced,m, = 665 795 mg
and
m, + m, = 686 949-mg
From :
M, = 39,948 g/mol, and
MN2 = 28,013 4 g/mol
the following quantities are calculated :
n, = 0,529 538
n, = 23,767 019
n = n; + n, = 24,296 557

=2,1795 x 10~2in argon

=
|

x, =1 — x; = 0,978 205 in nitrogen

AM. n y/ u
+-—’<1—xix—x—1 2> and
M, 3 Mmoo Mg
Ax, Am, Am,
AM; n Uy Uy — < — (1 -x)+—0-x)
+ N XXX o X — X —— X4 m, my
M; Ngg m Mg,
from
+ 1AM, <Nd2 + Nan . 2 > '
My "\ Ng Ng Mg, Am, = 6 mg
. . . . . dx; Am, = 69 mg
It is noted, in the differential expression ——, that the same
X3i A
M g Ma - " 284 x 104
sign for factors of —= and —— keep the validity of the previous m, = 4,64 X
j d
terms when one of the components j is identical to the diluent d. A
m
—2 - 1,04 x 1074
4.2.4 Numerical examples of mixture preparation m,
Numerical calculations enable a better grasp of the size of the Ax,

terms used.

NOTE — The relative errors on molar masses of 10 =6 to 105 are, for
the time being, negligible in relation to the measurement techniques
currently available.

— < (2,84 x 107% + 1,04 x 1074 x 0,98

Ax, »
— < 3,8024 x 10
X4
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evaluated

n + mass of

g nitroge
g g

ntaining

(o]

C

(3]

(=}

mass of the cylinder containing the primary mixture :

the primary mixture :

or

a

107 +9x 1072 x 6 x 107°)

"

"

3 x

284 x 107* (1

1 009 558 mg

cai
Ny,
Ll
Né

NZt
10~

4,719944 x 1073

n introduced, u ..

f nifroge

’

Au, = 4mg, i.e.

therefore :
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i.e. terms to be applied to each of the errors on weighing or on
molecular mass are of the type 1 — ¢, where ¢ is smaller as the
1,04 x 1074(0,97 + 9 x 1073 x 6 x 1079 successive dilutions are larger.
- -4
= 1,01 x 10 4.25.2 When these same mixtures are very dilute, it is

necessary to take account of the residual concentration x,; of

i is : . oL
Thus the sum of the various components is the component i in the diluting gas.

A% -4 In fact the t tration X is :
< 10,91 x 10 n fact the true concentration x; is :
X2
or xi=x,;1-x,) + x,
=x,+ X
r ni
Ax, 4 3
— 41,1 x 10 . S .
X5 4 where x,; is the result of the diluting ‘eperatipns and the term

x,; X x,;is negligible if the diluent used is vefy pure.
which leadg to the absolute error
The relative uncertainty in the_concentration ¢f the component

Ax,, <|1,3 x 1074 x 1,1 x 1073 = 1,42 x 1077 i changes to :
and Axi Axri Xyi Axni Xni
— < XA + X —
1,3004 |x 107 < x,, < 1,3033 x 107* X X X *ni X

Consider, as an example, the molar concentrfation of argon in
nitrogen\after a second dilution :

or

1,300 x| 1074 < x,, < 1,304 x 10~*
X5 =9 x 1076

4.25 RerIarks on the expression and importance of Ax
error calcylations x21 = 0,23 x 102
2i

4.25.1 Cdnsider the use of these methods to obtain low cen-
centration ¢gomponents by means of several successive-dilu-
tions with a diluent d identical to one of the components j,

x,;=05x1078+071x10°°

predominant during the first dilution. Let x; be a low concen- which gives
tration, Xiq hnd x; be close to 1, and large dilutions be charac-
terized by x; = 9,5 x 10-8
m; Uy Uy The present methods of analysis, in the cage of argon, very
m. <1, T <1, ;‘ < 1 seldom have a detection threshold (assimilated to the relative
Jd a & error on x,) better than 0,1 x 10-8.
The expresgions obtained aré\very close to :

Ax, 0,5
— <20 x 1072 x §i5+0,23x 1072 x —

Ax, ,. A, Au, X, ] 9.5
% Ty T u, -
! J k < (1,06 + 0,22) x 10-2
A AM, AM.
+ S B s 1275 10=2

lond U M, M Mj

jell,pl,j+iandkel0 1,2 with a major contribution of

with a slight increase of the relative error compared to those Ain - 20 x 10-2
given by the formulae given in 4.2.1 to 4.2.3; the correcting X,;

COMMENT — It would thus appear that the utilization of the weighing method under vacuum is not a limit to the ac-
curacy of the mixtures thus prepared. It is very obvious that the purity of the gases used, the skill used in the preparation
of the cylinder and in the manipulations are the real limits to this process of preparing calibration gas mixtures.
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