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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through 1SO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that commrttee International organrzatrons governmental and non- governmental in
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Draft Interng
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(IEC) on aII matters of electrotechmcal standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

tional Standards adopted by the technical committees are circulated to the metmber bodies
1S an International Standard requires approval by at least 75 % of the member'hodies casting
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hall not be held responsible for identifying any or all such patent rights:

Standard ISO 6145-9 was prepared by Technical Committee ISO/TC 158, Analysis of gases.
nsists of the following parts, under the general title Gas analysis — Preparation of calib
g dynamic volumetric methods:

flethods of calibration

olumetric pumps

ontinuous injection method

apillary calibration devices

ritical orifices

hermal mass-flow controllers

aturation method

Permeation method

m, has been withdfawn.

nd B form a-pormative part of this part of ISO 6145.

be the subject of<aZfuture part 8 to ISO 6145. Part 3 to 1ISO 6145, entitled Periodic injecti

otechnical

for voting.
a vote.

of patent
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bns into a
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Introduction

Easily condensable gases and vapours are subject to surface adsorption, and it is difficult to prepare calibration gas
mixtures containing these components by means of static methods. Moreover, these calibration gas mixtures cannot
be kept under pressure near the saturation limit without condensation taking place. The saturation method can be
employed in such cases.

This part pf ISO 6145 is one of a series of standards dealing with the various dynamic volumetric methiods used for
the prepafation of calibration gas mixtures.

In contragt to the methods presented in the other parts of ISO 6145, the method described, in-this part floes not call
for accurgte measurement of flow rates since flow rates do not appear in the equations for ¢alculation gf the volume

fraction.

© 1SO 2001 - All rights reserved \Y
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mixtures.
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(Measure

3 Princ

The vapo
pressures
hydrocarb
and press
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bf ISO 6145 specifies a method for the continuous production of calibration gas mixtures with a component

psily condensable. In most cases the relative expanded uncertainty occurringon the volume fr

ative references

ing normative documents contain provisions which, through réference in this text, constitute
fISO 6145. For dated references, subsequent amendments, to, or revisions of, any of these pu
However, parties to agreements based on this part.ofy1SO 6145 are encouraged to iny

hction is less

orovisions of
blications do
estigate the

of applying the most recent editions of the normative documents indicated below. For undated references,

edition of the normative document referred to applies. Members of ISO and IEC maintain
alid International Standards.

Gas analysis — Comparison methods for.determining and checking the composition of c3
3:1980, Messen von Gasen —£ Prifgase — Anforderungen und Mal3nahmen fiir
ment of gases — Calibration gas‘mixtures — Requirements and precautions for the transfer).

iple

registers of

libration gas

en Transfer

ir pressure of a pure-substance in equilibrium with its condensed phase depends only on temperature. At

close to atmaspheric, and in the absence of significant gas phase interactions, such a
on mixtures, hevwolume fraction of the constituent can be calculated from knowledge of the
ure of the system.

If a comp

the saturdtion‘eondition is reached more or less slowly. In order to accelerate the process, the complem
passed through the condensed phase at a temperature 7 and the gas mixture thus obtained is ther

ementary gas is brought into contact with the condensed phase of a constituent at a certain

5 occur with
temperature

emperature,
bntary gas is

cooled to a

lower temperature T, which is below the dew-point. To ensure that saturation is attained, the difference in
temperature, (17 — T5), should be at least 5 K.

The volume fraction ¢, of the constituent x is, to a good approximation, equal to the vapour pressure p, of the
constituent at temperature 1>, divided by the total pressure p of the gas mixture at the same temperature in the
condenser, as follows:

Pz

Pz
p

@)

The value of the relevant partial pressure (vapour pressure) of the constituent at temperature I, can be found in
tables or diagrams in references [1] to [4] of the Bibliography.
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4 Apparatus

4.1 Equipment for producing calibration gas mixtures by the saturation method , an example of which is
shown in Figure 1.

A continuous flow of complementary gas from the supply (1) is first conducted through a filter (2) containing quartz
fibre material to remove suspended patrticles.

r———"1 [~ "7/ il 10

Key

© 0o ~NO O WNPE

e
(BN )

12

NOTE

A

N 7 ; /

Supply of complementary gas

Filtey for suspended particles
Satyrator

Conflenser, made of.a material that exhibits adequate thermal conductivity (e.g. copper or stainless steel)
Pregsure-equalizing\vessel with baffles
Pregsure gauge

Conptant-temperature control (77)
Conptant-t&mperature control (13)
Congeéensate outlet

Calibration gas mixture outlet
Circulation system

Circulation pump

Items 11 and 12 are only required where a recycling system of calibration gas is employed.

Figure 1 — Schema of equipment for producing calibration gas mixtures by the saturation method

The following procedure shall be followed for the assembly and use of the equipment so as to minimize errors in the
volume fraction of the constituents.

a) Gas preparation:

Clean and dry the complementary gas before it is introduced into the saturator.

© 1SO 2001 - All rights reserved
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ISO 6145-9:2001(E)

atibility of the apparatus:

Use only gas-bearing lines and components for the apparatus made from a material that exhibits almost no
interaction with the constituents of the calibration gas mixtures.

c) Selection of the apparatus:

Use only connecting lines of which the cross-sections are sufficiently large to ensure that the pressure drop
produced by the flow resistance remains negligibly small.

d) Pressure control:

Meassljre the total pressure at the outlet of the pressure-equalizing vessel.

e) Tempg
Comp

tempd
conne

f) Instru

Use @

prature control:

y with the regulations for transfer of calibration gas mixtures specified in VD§L3490-3. Ens
rature of the gas line is sufficiently higher than 1), to prevent condensation;When approprig
cting line shall be provided.

mentation:

nly precision instruments for measurement: thermometers with an error of |AT| < 0,05

meas\iring devices with an error of | Ap| < 1 hPa [1 mbar] D,

g) Purity

Use o

5 Proc:

5.1 Inst

hly components of purity > 99,99 % because certainimpurities, when present, affect the vapd

pdure

allation

Arrange the cooling surfaces so as to obtain identical temperatures of the gas and the condenser at the

outlet. Pla
stream. N
temperaty
constant |

In addition
it. Collect

5.2 Ope

ce the pressure-equalizing vessel with baffles after the condenser in order to remove aerosols
laintain the pressure-equalizing vessel at the same temperature as the condenser. Eng
re of the cooling medium in the vessel, holding the condenser and the pressure-equalizing ves
y means of suitablé.cooling and heating elements via a control circuit.

to the température T, maintain the pressure, p, of the gas mixture constant in the condense
the condensate produced in the condenser in a condensate receiver or remove it continuously

ration of direct system

ure that the
te, a heated

K, pressure-

ur pressure.

condensate
from the gas
ure that the
sel, remains

I and display
by pumping.

Load the gas with the constituent to be dosed in the saturator (item 3 in Figure 1) at temperature 1. Ensure that the
condensation temperature of the constituent in the flow of complementary gas is higher than the temperature T, of
the following condenser (item 4 in Figure 1). Cool the gas mixture in the condenser until part of the constituent
condenses. The condensate is discharged via the condensate outlet (item 9 in Figure 1). After the condenser, the
calibration gas mixture passes through an pressure-equalizing vessel (item 5 in Figure 1) in which any aerosol that
may still be present is separated. Both the condenser (item 4 in Figure 1) and pressure-equalizing vessel (item 5 in
Figure 1) are located in a thermostatically controlled container (item 8 in Figure 1) at temperature 15. A pressure
gauge (item 6 in Figure 1) at the outlet (item 10 in Figure 1) for the calibration gas mixture provides a reading of the

pressure.

1) lbar=

© ISO 2001
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5.3 Operation of a closed circulation system

A closed circulation system can also be used. This system operates continuously and when in use will eliminate any
lengthy delays in the procedures required to attain equilibrium conditions. The calibration gas is circulated around an
additional circuit (item 11 in Figure 1) by means of a pump (item 12 in Figure 1). After several passages of gas
around the circuit to establish equilibrium, sample gas can be extracted at the sample point (item 10 in Figure 1). Gas
taken out of the system is to be carefully made up by fresh complementary gas from the supply (item 1 in Figure 1),
thus avoiding any pressure changes.

NOTE

It is possible to check whether saturation is achieved in the condenser by observing the condensate flow. Since the

volume fraction of the gaseous to condensed phases is about 1 000 : 1 and only a fractlon of the components picked up by the

complementa
is very low. A

6 Uncertainty of measurement

The relative
pressure. W,
value depen

— the unce
the temp
the unce

the purit

The relative

determinabl¢ individual uncertainties using equation (2).

The relative
the overall r¢g

U (¢z)

phy5|cal dew ponnt measurement on the outlet gas can be carned out to conflrm equmbratlon has been

uncertainty depends on the total pressure of the gas in the condenser andron' the saturat
nereas the total pressure is known with satisfactory uncertainty, the uncertainty of the vapou
ds on

rtainty of condensate temperature measurement;
erature control (i.e. AT < 0,05 K can be measured);
rtainty of the vapour pressure data used;

of the components.

expanded uncertainties in the volume fraction of eonstituent x shall be estimated with the

standard uncertainties of measurement are.combined in a square root sum-of-squares mann
lative expanded uncertainty as follows;
U
—1| X
T

5
T.

R
Pz

dp.
dT’

is the relative expanded uncertainty in the volume fraction of the constituent;

is the'relative standard uncertainty in the vapour pressure curve at working point 75;

in Figure 1)
achieved.

bd vapour
pressure

aid of the

er to form

)

IS The refatlive standard uncertainty i the measurement Of the total pressure,

is the increase in the vapour pressure curve at working point 75;

is the relative standard uncertainty in the temperature measurement of 15.

NOTE 1 To provide a confidence level (relative expanded uncertainties) of approximately 95 %, the relative standard
uncertainties given by equation (2) have been multiplied by a coverage factor of 2.

There exists the possibility of over-saturation as a stable phase through solvation capability in the matrix gas.

© 1SO 2001 - All rights reserved
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The component concentration may be checked by comparison with a reference gas mixture. This may be difficult at
low concentrations. In this case, it may be possible to use an instrument that has been assessed for traceability.

NOTE 2 Examples of calculations are given in annex A.

© 1SO 2001 — All rights reserved 5
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Numerical examples of estimating the relative expanded uncertainty of the

Annex A
(normative)

volume fraction of the constituent when preparing a calibration gas mixture

A.1 Preparation of a calibration gas mixture with water vapour as a component

The foIIowinj] are assumed:

Temperaturg 7, = 20 °C, pressure = 10 000 hPa (10 bar) (circulated method), u (p,) = 0,02 hRa (0,02|mbar)
u(p) | 10
p | 10000
and
|u (T)| + 0,05 °C
Making use pf the vapour pressure data of water from Table B.2in.ahnex B:
Pz (20 °C) = 23,4 hPa (23,4 mbar)
d
(ﬁ> = 1,4 hPa/K (1,4 mbar/°C)
dT PO °C
The volume fraction of water determined by equation (1) is:
23,4 _
Oy = Py ie. =234 x10°
Ji 10,000
The relative pxpanded-uncertainty on this mixture calculated from equation (2) is:
U / 0,02 273,15 + 20) 0,05 2
(po)| o (002)" | (30 ', [[(21835420) 4], 005
7o V \Z34)/ \ 10000 / L 237 T (27315 F20))
The relative expanded uncertainty in the volume fraction of water vapour then is
U
(pa) _ 2\/(0,9 x107%)° + (1x107%)" 4 (28 x107%)* =62 x 10°
P

therefore the expanded uncertainty U (¢,) = 2,34 X 1073 X 6,2 X 1072 = 1,5 x 107°

In this example the volume fraction of water is ¢, = 2,34 x 10734+ 1,5 x 10~ °

© 1SO 2001 - All rights reserved


https://standardsiso.com/api/?name=fd469a12e7bf3e2377a555479e5b1cb9

ISO 6145-9:2001(E)

A.2 Preparation of a calibration gas mixture with hexane vapour as a component

The following are assumed:

Temperature 15 = 15,8 °C,

u (pz) = 0,4 hPa (0,4 mbar)

ulp) _ 1
D 1000
and

lu(T)| =0,05°C
Making uge of the vapour pressure data of hexane from Table B.1 in annex B:

Pz (20 °C) = 161,8 hPa (161,8 mbar)

d
<ﬁ> — 7,3 hPa/K (7,3 mbar/°C)
dT’ 20 °C

an approximate value of the vapour pressure at 15,8 °C is obtaiped as follows

d
Pz (1$,8°C) =~ p, (20 °C) + (15,8 — 20) (%) = 161,8 — 4,2 X 7,3 = 131,1 hPa (131, mbar)
20°C

Approximating the slope of the vapour pressure €urve at 15,8 °C by its value at 20 °C

d d
(ﬁ) ~ (&) — 7:3hPa/K (7,3 mbar/°C)
dT’ 15,8 °C dT 20 °C

the resultjis

U (o) 04\ ? 1 \? (273,15 + 15,8) 0,05
o (o | +(— ) + X73—1] x
Du 131,1 1000 131,1 (273,15 + 15,8)

from which the relative expanded uncertainity in the volume fraction of hexane is obtained as

Ug(;%) = 2\/(3,1 x 1073+ (1x 10737 + (26 x 107%)* =84 x 10°

If instead the calculation is based on the more exact values obtained from the vapour pressure equation for hexane
(i.e. from the Antoine equation, with the vapour pressure constants of hexane as given in Table B.1 in annex B)

Pz (15,8 °C) = 133,4 hPa (133,4 mbar)

d
<ﬂ> — 6,2 hPa/K (6,2 mbar/°C)
dT 15,8 °C

© 1SO 2001 — All rights reserved 7
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the relative expanded uncertainty is obtained as follows

US(O%) = 2\/(3 x107%)° 4+ (1x107°)" + (22 x107°)* = 80 x 107°

Final assessment of this method shall be obtained by comparison in accordance with ISO 6143 using gas standards
traceable to national or international bodies.

8 © 1SO 2001 - All rights reserved
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Annex B
(normative)

Overview of vapour pressure data for various substances

Tables B.1 and B.2 contain data on the vapour pressure and related properties for various substances: the vapour
pressure and its temperature gradient, both at a working temperature of 20 °C and the boiling temperature. The data
on vapour pressure have been calculated, employing an empirical relationship for the vapour pressure curve
(references [3] to [8] in the Bibliography). For the compounds in Table B.1, these computations have been based on
the Antoine-eguation-in-theform-of

N ®.1)
C+t
while for Table B.2 the basic vapour pressure equation is
n <£_> _ (Az + Bz*® + Cz® + Dzxf) ©.2)
23 (1—x)
with
x=1-T/T;
where
p is the vapour pressure expressed in hPa (mbar);
t is the temperature expressed in °C;
T is the temperature expressed in. K;
De is the critical pressure expressed in hPa (mbar);
T is the critical temperatUre expressed in K;

A, B, C,[(D) are the compourid )specific vapour pressure constants referring to the respective vapour pressure
equation.

The respdctive vapour pressure equation is valid within the temperature limits, {yin and tax.

In the range of (2055)5) °C, approximate vapour pressure values can be determined by linear extrapoldtion, starting
from the tabulated values of p and dp/dT’, as demonstrated in one of the examples in annex A. Beyond this range
the respegtivé.equation, (B.1) or (B.2), has to be used. At a given temperature T, the slope of the vappur pressure
curve can then be determined either as a differential quotient, (dp/dT)T, or approximately, as g quotient of
differences, (Ap/AT ), constructed from vapour pressure values at neighbouring temperatures:

p(T+1)—p(T—1)]
2

(dp/dT)p = (Ap/AT) = (B.3)

© 1S0 2001 - All rights reserved 9
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Table B.1 — Vapour pressure data (for use with the Antoine equation) and related properties
for various substances

Vapour dp/dT | Boiling tmin | tmax
pressure at at point  (Constant of the vapour pressure equation Reference
Compound 20°C 20°C (see
(r:E:r) (r:E:g:() oc A B c oc oc Bibliography)

Acetone 246,6 11,0 56,3 7,356 47 —1277,03 237,23 —32 78 [1]
Acetylaldehyde 998,6 37,6 20,4 7,181 40 —1070,60 236,00 | —59 40 [1]
Acrolein 293,8 12,5 53,1 7,032 64 —1132,00 228,00 —38 87 [3]
Acrylonitrile 7 573 A 704115 1-268:36 222566 18 12 [3]
Ethyl acrylate 41,2 2,2 99,6 7,112 25 —1 292,00 215,00 1 136 [3]
Methyl acrylate| 88,2 4,5 80,3 7,120 85 —1211,00 214,00 —13 7 [3]
Formic acid 442 2,2 100,7 7,484 36 —1 551,38 245,71 9 125 [1]
Aniline 0,6 0,05 184,0 8,625 20 —2 423,62 254,33 <5 71 [1]
Tetraethyl lead 0,3 0,03 183,1 9,554 90 —2 938,00 273,15 9 75 [4]
Tetramethyl leafd 31,2 1,6 110,1 8,145 90 —1 950,00 273,15 —20 49 [4]
1,3-Butadiene 2399,0 76,7 —4.4 6,974 89 —930,55 238,85 | —58 15 [1]
Butyric acid 1,6 0,1 163,7 6,421 70 —1 367,40 200,00 19 61 [1]
2-Chloro-1,3-bytadiene 240,7 10,0 59,4 7,651 90 —1 545,00 273,15 6 59 [4]
Cyclohexane 103,4 4,9 80,7 6,966 20 —1 20153 222,65 7 105 [1]
Cyclohexanol 1,4 0,1 161,1 9,161 90 —2'643,00 273,15 21 66 [4]
Cyclohexanone 4,5 0,3 155,7 8,516 90 ~2 304,00 273,15 1 39 [4]
1,2-Dichlorobefzene 1,3 0,1 179,1 8,630 90 —2 493,00 273,15 20 59 [4]
1,4-Dichlorobemzene 0,5 0,1 174,0 12,950 90 —3 876,00 273,15 28 53 [4]
1,1-Dichloroethane 2443 10,7 57,3 7,267 80 —1 201,05 231,27 —33 79 [1]
1,2-Dichloroethane 83,0 4,1 83,5 7,283 56 —1341,37 230,05 | —12 107 [1]
1,1-Dichloroethene 663,4 25,4 31,6 7,097 05 —1 099,45 237,16 —28 33 [2]
cis-1,2-Dichlorgethene 217,5 9,6 60,4 7,147 20 —1 205,44 230,62 1 84 2]
trans-1,2-Dichlgroethene 360,7 14,9 17,7 7,090 03 —1141,98 231,93 | —38 85 [2]
Dichloromethane 475,3 19,8 39,6 7,076 22 —1 070,07 223,24 —43 60 [1]
Diethylether 586,0 23,3 34,6 7,109 62 —1 090,64 231,20 —49 55 [1]
N,N-Dimethylaniline 0,8 0,1 193,1 8,249 90 —2 445,00 273,15 30 193 [4]
Dimethyldisulfige 29,3 1,6 109,7 7,102 82 —1 346,34 218,86 6 135 [1]
1,4-Dioxane 38,4 2,0 101,3 7,556 45 —1 554,68 240,34 20 105 [2]
Biphenyl 0,004 00004| 255,0 10,504 90 —3799,00 273,15 11 61 [4]
Epichlorohydrin 16,2 0,9 118,0 8,685 90 —2 192,00 273,15 —17 17 [4]
Acetic acid 15,4 0,9 117,9 7,552 18 —1 558,03 224,79 17 142 [1]
Ethyl acetate 98,3 5,0 77,1 7,133 61 —1195,13 212,47 —14 100 [1]
Methyl acetate 229,9 10,7 56,9 7,186 21 —1 156,43 219,69 —29 78 [1]
Vinyl acetate 120,3 5,9 72,7 7,335 00 —1 296,13 226,66 22 72 [2]
Ethanol 58,6 3,5 78,3 8,336 75 —1648,22 230,92 3 66 [1]
Ethyl chloride 1343,2 47,5 12,3 7,073 94 —1012,77 236,67 —66 32 [1]
Ethylene glycol 0,1 0,01 197,4 9,532 90 —3 073,00 273,15 53 197 [4]
Ethylene glycolmonoethyl- 6,3 0,4 134,8 8,44 90 —2 300,00 273,15 80 135 [4]
ether

Ethylene glycolmonomethyl- 11,9 0,7 124.6 8,432 90 —2 157,00 273,15 —13 125 [4]
ether

Ethylene oxide 1449,6 53,2 10,5 8,815 06 —2 005,78 334,77 0 32 [2]
Ethyl mercaptan 579,1 22,9 35,0 7,076 96 —1084,53 231,39 | —49 66 [1]

10 © 1S0 2001 - All rights reserved
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