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INTERNATIONAL STANDARD ISO 61474979 (E) 

Gas analysis - Preparation of calibration gas mixtures - 
Saturation method 

1 SCOPE AND FIELD OF APPLICATION 

This International Standard describes the principles of a 
Saturation method for the continuous preparation of 
calibration gas mixtures, one of the components of which 
is readily condensable. An accuracy of 3 % relative value 
may be obtained on the concentration, expressed as a 
pressure ratio’ ). 

Readily condensable gases often exhibit very marked 
sorption phenomena; it is, therefore, difficult to prepare 
mixtures comprising such gases by static methods. More- 
over, the use of high pressures precludes the achievement 
of concentrations close to the Saturation limit during the 
use of the mixture at atmospheric pressure. In these cases, 
recourse should be made to the method described in this 
International Standard. 

2 PRINCIPLE 

The vapour pressure of a pure gas in equilibrium with its 
condensed Phase depends only on the temperature. If the 
temperature and the total pressure of the gas mixture are 
known, its concentration may be deduced therefrom. 

In practice, when a make-up gas is brought into contact 
with the condensed Phase of a component at a given 
temperature, Saturation is attained only very slowly. To 
accelerate this process, the make-up gas is bubbled through 
the condensed Phase at a temperature T, and the resulting 
mixture is cooled to temperature T2 in a condenser, To be 
certain of obtaining Saturation, the temperature differente 

Tl - T, should be sufficiently large. 

The cooling System shall ensure the steady removal of heat 
(any on/off control System shall be rejected since it 

introduces temperature gradients). The coefficient of 
exchange between the condenser and the gases must be 
large : a good means for obtaining this effect is to use a 
packing which is a good heat conductor (balls, sintered 
materials). 

The temperature regulation may be obtained by an 
assembly either filled with a cooling liquid or comprising 
Peltier-effect elements energized by an adequate direct 
current Source. This assembly may alternatively, be 
replaced by a vessel filled with a cryogenic liquid. 

The pressure p of the gas mixture in the condenser shall be 
maintained constant at temperature T, (see clause 4) and 
shall be recorded. The condensate formed in the condenser 
shall be evacuated continuously by a pump. 

The component concentration C is given by the equation 

c pc =- 
P 

where 

pc is the saturated vapour pressure of the component 
at temperature T,; 

p is the total pressure of the gas mixture in the 
condenser. 

The saturated vapour pressure value, pc, shall be 
determined, for each component, from suitable reference 
sources of such data (published tables or diagrams). When 
the method described in this International Standard is to be 
used to prepare a calibration gas mixture required in 
another International Standard, the latter shall indicate the 
values of p, required for the component concerned. 

1) The transformation of the value of concentration from one set of units to another becomes more difficult as one gaseous component nears 
its Saturation Point. 
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ISO 6147-1979 (E) 

3 PRACTICAL EXAMPLE 

The make-up gas (1) is taken from a cylinder and brought 
through the pressure regulator (2) to a constant absolute 
pressure, for example 1 200 mbar”. It then goes through a 
flowmeter (3) and a fine regulation valve (4) before 
penetrating upwards into the saturator (5) (containing the 
component which has been condensed) through a sintered 
plug (7) or a hollow cylinder of sintered material. To avoid 
pressure variations downstream of the saturator, it is 
recommended that the condensed component level be kept 
constant (additional filling System). 

lt should be ascertained that no liquid droplets (mist) are 
transported from the cooled region onwards. This control 
should be made by means of a suitable filter also cooled 
to Tz. 

The condenser gas piping includes in its Iower part a 
separator in which condensate is evacuated (18) 
continuously by means of a pump (17). 

In the example shown in the figure, the condensate is 
discharged through the descending branch of the Y-shaped 
tube. The pump discharge rate shall be Chosen to be much 
Iower than the total gas flow rate because the volume ratio 
between the gas Phase and the condensed Phase is 
approximately 1 000 : 1 and only a part of the component 
absorbed by the make-up gas is evacuated as condensate. 

1 Make-up gas 11 Temperature probe 

2 Absolute pressure regulator 12 T, control 

3 Flowmeter 13 Regulator with switch 

4 Fine regulation valve 14 Power supply 

5 Satu rator 15 Controlled-temperature bath 

6 Thermometer (T, ) 16 Peltier elements 

7 Sintered material 17 Pump 

8 Pressure gauge 18 Condensate evacuation 

9 Thermometer (Tz) 19 Filter 

IO Condenser 20 Calibration gas 
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lt tan be verified that sufficient Saturation is obtained by 
making the condensate flow visible. 

4 CALCULATION OF THE ERROR 

The relative accuracy depends on the one hand on the total 
pressure of the gas in the condenser and on the other hand 
on the saturated vapour pressure. Whereas the total pressure 
is known with satisfactory accuracy, the accuracy of the 
vapour pressure value depends on : 

- the accuracy of condensate temperature measure- 
ment; 

- the temperature control (AT, < 0,2 "C tan be 
obtained); 

- the accuracy of the tables or diagrams used; 

- the purity of the components and of the make-up gas 
(water vapour content, solvent). 

An estimate of the accuracy tan only be made for each 
individual case by taking account of the actual Situation; 
for example, the solubility of the carrier gas in the 
condensed Phase at Tz may interfere in certain cases. 

A verification of the correct functioning of the System may 
be necessary, for example by determination of the mixture 
dew Point. 
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Schematic diagram of a practical example 

* 1 mbar= 100Pa 
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