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INTERNATIONAL STANDARD

1SO 6145/3-1986 (E)

Gas analysis — Preparation of calibration gas mixtures —
Dynamic volumetric methods —
Part 3 : Periodic injections into a flowmg gas stream

1 Scope and field of application

which dedls with the various dynamic volumetric techniques

This Inter{ational Standard constitutes part 3 of ISO 6145,
I
used for the preparation of calibration gas mixtures.

It describgs the periodic injection techniques which enable a
concentration range of each component of between 10-6 and
10-2 with|1 % variability to be obtained. The concentration is
expressed|as a volume ratio (V/ V).

2 Reference
ISO 6145/, Gas analysis — Preparation of calibration gas mix-

tures — Dynamic volumetric methods — Part 1: Methods of,
calibration|

3 Pring¢iple of the method

3.1 Operating principle

Complemgntary gas B flows contindously through the system.
At regular [time intervals, a volume-¥ of gas B is replaced by an
equivalent|volume of gas A.

A gas B (cpmplementary._gas) flows at a flow rate g in a tube T.
A means i$ provided at-alpoint P for periodically withdrawing a
small sample of volume V of gas B and injecting an identical
volume of [gas A (the component for calibration) in place of gas
B (figure 1)), such that the flow rate is unchanged. The volume
V5 of gas|A together with gas B goes to a mixing chamber of

3.3 Principle of calculation

At a rate of n injections per minute of volume V,
volume ratio of gas A is ga_ = 7.V, and the r
pressed as

flow rate of gas’/A  gp
full flowrate g g

4 Practical example

Figure 2 shows a practical example of a plug coc

the mean flow
Ate can be ex-

¢ arrangement.

Figures 3 and 4 show the schematic represeptation of the

operation of a plug cock.

The cock is arranged so that the four plug th:es are always

communicating two by two (a and ¢, or b an
single passage of volume V. A synchronous m
plug within its housing, and the motor is fé

d) forming a
btor drives the
d by a pulse

generator. Each pulse causes the plug to perform a half turn in

X seconds, at a constant rotational speed, and it
pulses.

rests between

In position 1, the plug is at rest while gas B is bypassed into the

mixing chamber through check valves and the

calibration (gas A) is drawn through the bubblef.

period of time (adjustable), the cock is turned b
revolution. The time is a function of the desire
and sets the value of n (number of pulses per u

During movement of the cock to position 2,
through s, while gas A fills volume V expelli

tomponent for
After a given
i one-half of a
H volume ratio
nit time).

gas B passes
hg gas B, the

pressure being limited by the action of the bubll)ler.

volume ¥, where the mixture is made homogeneous.

3.2 Area of validity
Volume ¥ shall be large compared with the volume delivered
by the component B during the time ¢ between two successive

injections. In practice, the following relationship shall be fulfil-
led:

3gg-t < Vp

Gases A and B shall be at the same pressure and temperature.

As the plug moves to position 3, volume V (now filled with
gas A) is entrained by gas B into the mixing chamber. At the
same time, gas A is drawn over the bubbler.

When the pulse terminates, the plug rests at position 4,
equivalent to position 1.
5 Operating conditions of the example

The injection system (see figure 2) is supplied with gas A and is
supplied with gas B by circuit 1 of pump P.
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Delivery flow rates of gases A and B shall be high enough to
permit complete sweeping during passage between positions 2
and 3.

Delivery volume V is about 0,04 cm3, and the plug goes
through a half turn in 5 s.

Feed circuit 2 for gas B supplies gas at a variable flow rate
(100 to 1 000 cm3/min) and serves to dilute the gas from M, at
point M, (160 cm3). The sum of gas delivery flow rates from 1
and 2 shall be very stable, supplied by a piston metering
pump P driven by a synchronous motor. The gas mixture is

A satisfactory approach is to define a ‘“geometrical dilution
factor”, Fpg:

q+gq
nv

Fpg =

which is only valid for an operation with the same temperature
in the cock and in the pump.

The actual operation leads, after equilibrium of the system, to:

o ad . £ aillomal o o La

PRYUE A
feauy 101 uuiizayon aier ivip.

It may also be fegsible to employ the mixture from M, and dilute
it in gas B in a| second stage, using a second arrangement
identical to the first. In this case, volume ratios of less than
50 ppm (V/V) fan be obtained with an accuracy of 4 %
reiative.

6 Estimatign of voiume ratio

If g is the delivery flow rate of gas from mixing chamber M;,
and g’ is the complementary gas delivery flow rate in circuit 2 at
the entrance to [mixing chamber M,, then the following rela-
tionships hold:

nv
At the exit off My: C = —
q

n.v

At the exit off M,: C = -
q+tgq

These formulae Tre useful for obtaining an approximation from
the data on V, nland g + q’, but the accuracy of flow ratej. V
is difficult to reach by conventional methods.

7 Calibratign of the system and sources
of error

7.1 General

The pressures arjd temperatures of gases A and B are the same
at the level of the revolving.cock, defining the delivered quan-
tity of gas A for|every cycle of the cock.

The pressure anq temperature in the metering pump define the

a) T, temperature of the cock, siightiy higher than the
ambient temperature ;

b) T, temperature of the oil of the metering piston pump,
35 to 40 °C with ambient temperature around 20 9C.

NOTE — T, and T, are expressed indegrees Celsius for pumerical
examples but the units are converted, into kelvins for calculdtions.

When in use, the actual dilution factor Fp is

Tl'
Fp = Fpg Fo)
f

The calibration of the system is obtained by the measurement
of Fpg.during an actual operation on a pure gas A, Ieadtlg toT7,
and 7,..The measurement of Cpy is performed at the putlet of
the.system by an analytical comparison method

o))

7.2 Calibration error

The calibration error, ACal, is expressed as relativg uncer-
tainty :

AF, AC AT, AT,
DG < AM + p + 20
Fpg Cam T, T,

ACal =

where ACppn/Cav comes from the comparison fnethod,
using for example: r

delivery flow rate of gas B.

If the difference in pressures in circuit 1 and circuit 2 is
neglected, the difference in temperature between the cock and
the metering pump (around 10 K, when the temperature
equilibrium is reached) leads to a significant effect (about 3 %).
These temperatures may be measured by thermocouples or
mercury thermometers, one fixed on the rotating cock and one
immersed in the pump oil.

a) a calibration gas mixture of known concentration
Cag £ ACAE"

b) an analytical method of comparison leading to

C _
M _ K, + AK,
Cae

1) If the complementary gas is the same for this calibration mixture as for gas B of the system, the purity of this gas does not act significantly as a

correction factor on Fp = 1/Chp.
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7.3 Precision error

When the system is calibrated for this set of conditions (n, V'
and g + q'), the precision error, Af, comes only from the error
of measurement of the two temperatures 7, and Tp, at the time
of mixture generation:

AT, AT,
2fp B0
TI'

Af <
p

ISO 6145/3-1986 (E)

from which
CAM = 196,5 x 10-6

ACAM

AM

< 4,01 x 10-3

8.4 Calibration results and error

- 1 309,8
e . Fre = X
The effec‘ts' of temperature depepdent volume variations in the DG 1965 x 10-6 . 298.2
pump angithe ptug-are niegtigibie:
= 5286,9
- . - - AF
8 Numer_lcal_example. Binary mixture of DS _ 401 x 10-3 + 0,32)% 10-3 | 0,35 x 10-3
methane in nitrogen Fpg
" . < 4,68 x 1063
8.1 Estimation of Fpg, temperature conditions
ACal < 4,7 XA0=3
With
Fpg =5287 + 25
n =4
In this example of a set of conditions (n, V and g + gq’), a
14 = 0,051 4 cm3 of methane periodical theck has to be made on the results| which may be
affected by mechanical wear.
q +d = 1061 cms3 of nitrogen per minute
Further calibrations checked over a period of ong year give con-
Fpg = 5 160 (taken from manufacturer’s

instructions)
At equiligrium of the system,
T,=p5 +01° =298,2 =+ 0,1K

T, =366+ 0,1°C =3098 +0,1K

volumetric method, around 200.ppm of

8.2 Peraration of a mixture, bya static
methang in nitrogen

Car |= 196,4 x 10-6

sistent results (5 293, 5 299, 5323 + 26) with T, variations
from 22,7 to 25 °C and Tp variations from 35,8/ to 38 °C.

8.5 Precision error

When using this set of conditions, measuring 7|, and T, at the

time of mixture production, with an error of

+ 0,1 K around

288,16 to 313,16 K (15 to 40 °C), there is a prgcision error of :

Af < 0,7 x 10-3

8.6 Overall error on day-to-day use

AC,
—— < ACal + Af
ACAE CA
< 2,88 x(10-3
Che < (47 +0,7) x 10-3
-3
8.3 Gap chromatographic (FID) comparison of Cx¢ < 54 x 10
and Cpy < 6 x 10-3

— =1,0007 £ 1,13 x 10-3

This result depends mainly on the calibration (calibration mix-

ture and analytical method).
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Figure 1 — Schematic representation of the method
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