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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
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 committee. International organizations, governmental and
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— Part 9: Saturation method
— Part 10: Permeation method
— Part 11: Electrochemical generation

ISO 6145-3, entitled Periodic injections into a flowing gas stream, has been withdrawn.
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part of ISO 6145 is one of a series of International Standards dealing with“various dynam
ods used for the preparation of calibration gas mixtures. This part_specifies a method fo
Liction of calibration gas mixtures containing one or more readily condensable component
nded uncertainty of measurement, U, obtained by multiplying the relative combined standar
coverage factor k = 2, of not greater than = 1 %, can be obtained‘using this method.

e the methods presented in the other parts of ISO 6145;.the method described in this p
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5143, Gas analysis — Comparison methods for determining and checking the composition
mixtures

y'504,\Gas analysis — Vocabulary

following referenced (documents are indispensable for the application of this document.
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16664, Gas aralysis— Harafing of catibration gases and gas mixtures — Guidehines

3 Terms and definitions

Fort

he purposes of this document, the terms and definitions given in ISO 7504 apply.

4 Principle

The vapour pressure of a pure substance in equilibrium with its condensed phase depends on the
temperature only. At pressures close to the prevailing barometric pressure, and in the absence of significant
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gas phase interactions, such as occur with hydrocarbon mixtures, the volume fraction of the constituent can
be calculated from knowledge of the temperature and pressure of the system.

If a complementary gas is simply brought into contact with the condensed phase of a volatile component at a
given temperature with no external agency, the equilibrium (saturation) condition is reached quite slowly. In
order to accelerate the process, the complementary gas is passed through the condensed phase at an
elevated temperature, T, following which the gas mixture thus obtained is cooled to a lower temperature, 7>,
which is below the dew-point. To ensure that saturation is attained, the difference in temperature (7, — 75)
should be at least 5 K.

The volume fraction (px of the constituent x is, to a good approxmatlon equal to the ratio of the vapour

pressure p, fthre—catibration COMpOoTTENt at temperature 12 to—thetotat pressure p of the gas mixture gt the
same temperature in the condenser:
p
¢)x =71 (1 )
p
The value of the relevant partial pressure (vapour pressure) of the constituent at temperature T, can be fpund
in tables or diagrams in References [1] to [4] in the Bibliography.
5 Equipment
5.1 Set up
An overview of the equipment that shall be used for producing‘€alibration gas mixtures by the saturption
method is shown in Figure 1.
A continuous flow of complementary gas from the supply\(item 1 in Figure 1) is passed firstly through a(filter
(item 2in FiIure 2) containing quartz fibre material to.rémove suspended particles.
NOTE Items 11 and 12 in Figure 1 are required only’when a recycling system of calibration gas is employed.

The procedy
minimize un

5.2 Gas preparation

Cleanand d

5.3 Compatibility of’'the apparatus

In the appa

re specified in 5.2 to 5.8 shalltbe followed for the assembly and use of the equipment in ord
Certainty in the volume fraction.of the components.

'y the complementary gas before it is introduced into the saturator.

er to

atus use components particularly sample lines, constructed exclusively in materials whic

known to e
which may |
take place. If in doubt the compatlblllty of sample lines shall be checked before they are used for the
preparation of the sample gas mixture.

5.4 Selection of the apparatus

Use sample lines of which the cross-sectional areas are of sufficient magnitude to ensure that the pressure
drop resulting from the resistance to flow remains negligibly small.

5.5 Pressure measurement

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

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=bc0cc3c6e9b33865a15ef52ddba3beb8

ISO 6145-9:2009(E)

6
2

r 1o 7 10

I I I 4 I

I 3 I N 5 | |

1 I | I
| (@ M
L (YA I
Y9
N ! e %
12
Key
1  dupply of complementary gas 7 constant-temperature control (7,)
2 fllter for suspended particles 8 constant-temperature control (7,)
3 daturator 9 condensate outlet
4 dondenser, constructed of a material that is-0f'adequate 10 calibration-gas-mixture outlet
thermal conductivity (e.g. copper or stainless steel) 11 circulation system
5 Qpressure-equalizing vessel with baffles 12 circulation pump
6 gressure gauge
Figure 1 — Schema of equipment for producing calibration gas mixtures by the saturation method

5.6 | Temperatutre control
This|shall cemply with the specification for transfer of calibration gas mixtures in ISO 16664.
Ensyre-that the temperature of the gas line is sufficiently higher than 7, so as to prevent condengation; when
necessary, a heated-conmectingtime—sthattbeprovided:

5.7 Instrumentation

Use exclusively instruments of high accuracy for measurement: thermometers with an error of measurement
less than +0,05K, and pressure-measuring devices with an error of measurement less than +1 hPa
[1mbar] 7).

1) 1 bar=10°N/m2=0,1 MPa

© 1SO 2009 - All rights reserved 3
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5.8 Purity

Use exclusively components of purity > 99,99 %, because certain impurities, if present, affect the vapour
pressure.

NOTE It is possible that components of such purity cannot be acquired. If it is desired to apply the method in such

cases, attention is drawn to 8.2.5 of ISO 6144:2003[5] which outlines the additional factors to be considered relative to the
estimate of the expanded relative uncertainty.

6 Procedure

6.1 Installation

Arrange the| cooling surfaces so as to obtain identical temperatures of the gas and the condenser at the
condensate |outlet. Place the pressure-equalizing vessel with baffles after the condenser invorder to remove
aerosols from the gas stream. Maintain the pressure-equalizing vessel at the same ‘temperature a$ the
condenser. Ensure that the temperature of the cooling medium in the vessel, holding.the condenser and the
pressure-equalizing vessel, remains constant by means of suitable cooling and heating/elements via a cantrol
circuit.

In addition tp the temperature T,, maintain the pressure, p, of the gas mixture constant in the condenser and
display it. Collect the condensate produced in the condenser in a~conhdensate receiver or remoye it
continuously by pumping.

6.2 Opertion of a direct system

Pass the cgmplementary gas into the calibration component in its liquid phase in the saturator (item 3 in
Figure 1) at|temperature T,. Ensure that the condensation-temperature of the calibration component in the
flow of comglementary gas is higher than the temperature T, of the subsequent condenser (item 4 in Figyre 1).
Cool the gag mixture in the condenser until some of the calibration component condenses. The condensate is
discharged through the condensate outlet (item QGm Figure 1). The calibration gas mixture from the out|et of
the condender passes through a pressure-equalizing vessel (item 5 in Figure 1) in which any liquid droplets
which may s$till be present are separated. Bath the condenser (item 4 in Figure 1) and pressure-equalizing
vessel (iten] 5 in Figure 1) are locatedsin*a thermostatically controlled container (item 8 in Figure [I) at
temperature| 7,. The pressure of the 'calibration gas mixture emerging at the sampling point (item 10 in
Figure 1) is measured by the pressure-gauge (item 6 in Figure 1).

6.3 Opergtion of a closed-circulation system

A closed-lodp circulation_system may also be used. This system operates continuously and, when in usg, will
eliminate any lengthy«delays in the procedures required to attain equilibrium conditions. The calibration das is
circulated arpund an-additional loop (item 11 in Figure 1) by means of a pump (item 12 in Figure 1).

After the gds has been passed around the flow path several t|mes |n order to establish equmbrlum, the
calibration ga 1
system shall be carefully replaced by |ntroduct|on of fresh complementary gas from the supply (|tem 1in
Figure 1), ensuring that there are no pressure changes.

NOTE It is possible to check, by observing the condensate flow, whether saturation is established in the condenser.
Since the volume fraction of the gaseous to condensed phases is approximately 1000:1, and only a fraction of the
components which pass into the complementary gas is separated out in the condenser as condensate, the volume flow
rate through the outlet (item 9 in Figure 1) is very low. A physical dew-point measurement on the outlet gas can be carried
out to confirm that equilibrium has been achieved.

4 © 1SO 2009 — All rights reserved
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7 Uncertainty of measurement

The relative uncertainty depends on the total pressure of the gas in the condenser and on the saturated
vapour pressure. Annex A shall be followed for further calculations with vapour pressure data. Whereas the
total pressure is known with satisfactory uncertainty, the uncertainty of the vapour pressure value depends on

— the uncertainty of condensate temperature measurement,

— the temperature control (i.e. AT < 0,05 K can be measured),

— the uncertainty of the vapour pressure data used, and

— the purity of each component.

The Jrelative expanded uncertainty in the volume fraction of calibration component x shall be edtimated with
the gid of the determinable individual uncertainties by means of Equation (2).

The felative standard uncertainties of measurement are combined in a square-root sum-of-squarg¢s manner to
form|the overall relative expanded uncertainty as follows:

2 2
2
U _, {u(m)} {u(p)} s T_z(dpx] . x{um} 2
Py DPx Ty p Px dr "y T Ty
whelle
U
M is the relative expanded uncertaintyin the volume fraction of the calibration component;
Py
M} is the relative standard.uncertainty in the vapour pressure curve at working point 75;
L Px p,
u(p) is the relative standard uncertainty in the measurement of the total pressure;
p
d . \ . : :
%j is thg.increase in the vapour pressure curve at working point 75;
T.

I

LT)} is the relative standard uncertainty in the temperature measurement of 75,.
:

The coverage factor “2” has been applied in order to give a coverage probability of approximately 95 % in the
case of normal distribution.

NOTE 1 The method of derivation of the formula for expression of the relative combined standard uncertainty U(g,/¢,)
is presented in Annex C of ISO 6145-7:2009161.

NOTE 2 Equation (1) is an approximation and can therefore constitute another source of uncertainty resulting from
non-ideal behaviour of gases and vapours. This should be borne in mind in the assessment of the uncertainty in the
volume fractions of calibration gas mixtures prepared by this method, particularly because it is used for mixtures in which
the calibration component will normally be readily condensible and therefore substantially non-ideal. It is not possible to
quantify, in general, this contribution to the uncertainty budget but it is considered to be small enough to be negligible in
proportion to the other sources of uncertainty. Experimental work reported in the literature has shown that, for some
mixtures, the deviations from additivity of pressures are less than those of volumes, but for others the opposite is true.

© 1SO 2009 - All rights reserved 5
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To check the effectiveness of a mixing system to provide a homogeneous calibration gas mixture, mixtures
shall be prepared by one of the methods described in Clause 6 and the compositions shall be checked by a
comparison as specified in ISO 6143. This procedure also identifies bias from other sources and establishes
traceability against standard gas mixtures.

This method can be employed to prepare calibration gas mixtures in which the calibration is at a low
concentration. If, in a specific case at low concentration, comparison as specified in ISO 6143 is not possible,
it shall be stated, on any certificate of calibration or in any report, that the volume fraction only has been
determined and has not been verified by the method in ISO 6143.

NOTE 3 The possibility of super-saturation as a stable phase exists because of solvation capability in the
complementapyrgas-

NOTE 4  Ekamples of calculations are given in Annex B.

6 © 1SO 2009 — All rights reserved
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Annex A
(normative)

Overview of vapour pressure data for various substances

For information purposes, Tables A.1 and A.2 contain data on the vapour pressure and related properties for
various substances the vapour pressure and its temperature gradlent both at a worklng temperature of 20 °C,
and a| relationship
for the vapour pressure curve (References [3] [41, [71, [8], [9] and [10] in the B|bl|ography) Oneg stall however,
make sure that the newest available data are used in the calculation.

For the compounds in Table A.1, the computations have been based on the Antoine equation in the form of

B
log1op, _A+E (A1)

whilg for Table A.2 the relevant vapour pressure equation is

1,5 3 6
|Oge[L]:Ax+Bx +Cx” + Dx (A2)
De 1-x
with:
x=1- T
TC
whelle
D is the vapour pressure, expressed in hPa (mbar);
1 is the temperature, expressed in °C;
7 is the'temperature, expressed in K;
D is‘the critical pressure, expressed in hPa (mbar);
e is the critical temperature, expressed in K;

M, B, C'and D  are the vapour pressure constants for the specific compound with refefence to the
respective vapour pressure equation.

The vapour pressure Equations (A.T) and (A.Z) are valid within the temperature Timits 7, and ¢, given in
Tables A.1 and A.2, respectively. Equation (A.1) is a form of the original Antoine equation modified to present
the logarithm of the vapour pressure ratio to base “10” instead of base “e”. The coefficients presented in
Table A.1 are those appropriate to base “10”. For results of high accuracy, the use of this equation is
restricted to a fairly short vapour pressure range, typically 10 hPa to 2 000 hPa.

For a wider range of vapour pressure, it is necessary to apply Equation (A.2), the Wagner equation. Unlike
Equation (A.1), the logarithm of the vapour ratio is given to base “e” and the appropriate coefficients for some
compounds are presented in Table A.2.

In the range of (20 £ 5) °C, approximate vapour pressure values can be determined by linear extrapolation,

commencing with the tabulated values of p and dp/dT, as demonstrated in the example in B.2. Beyond this
range the calculation is carried out by means of the respective Equation (A.1) or (A.2). At a given temperature

© 1SO 2009 - All rights reserved 7
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T, the slope of the vapour pressure curve can then be determined either as a differential coefficient, (dp/dT);,
or more approximately, as a quotient of finite differences, (Ap/AT);, constructed from vapour pressure values
at neighbouring temperatures:

(3 ) et

dar AT 2

Table A.1 — Vapour pressure data [for use with the Antoine equation, (A.1)] and related properties for
various substances

Vapour | dp/dT At - ] Constant of the vapour pressure
Compoynd pat;ezsgtjae 20 °C BOIllr':g point equation f;nin tTax s
hPa/K Cc y B c C c
hPa (mbar)| (mbar/K)

Acetone 246,6 11,0 56,3 7,356 47 | -1 277,03 237,23 £32 | 78 [1]
Acetylaldehydle 998,6 37,6 20,4 7,18140 | -1 070,60 236,00 -59 | 40 [1]
Acrolein 293,8 12,5 53,1 7,03264 | -1 132,00 228500 -38 | 87 [3]
Acrylonitrile 11,7 53 77,4 7,041 15 | -1 208,30 222,00 -18 | 112 | [3]
Ethyl acrylate 41,2 2,2 99,6 7,11225 | -1 292,00 215,00 1 136 | |[3]
Methyl acrylate 88,2 4,5 80,3 7,12085 | -1 211,00 214,00 =13 |17 | ([3]
Formic acid 44,2 2,2 100,7 7,484 36 | —1 551,38 245,71 9 125 | |[1]
Aniline 0,6 0,05 184,0 8,62520 | =2 423,62 254,33 -5 |7 [1]
Tetraethyl legd 0,3 0,03 183,1 9,554 90 ¢~32 938,00 273,15 9 75 | |[4]
Tetramethyl lead 31,2 1,6 110,1 8,145 907;| —1 950,00 273,15 -20 | 49 | ([4]
1,3-Butadieng 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-1,3 240,7 10,0 59,4 7,651 90 | -1 545,00 273,15 6 59 [4]
butadiene
Cyclohexane 103,4 49 80,7 6,966 20 | -1 201,53 222,65 7 105 | |[1]
Cyclohexano 1,4 0,1 16051 9,161 90 | —2 643,00 273,15 21 66 [4]
Cyclohexanope 4,5 0,3 155,7 8,516 90 | —2 304,00 273,15 1 39 [4]
1,2-Dichlorobenzene 1,3 0,1 179,1 8,63090 | -2 493,00 273,15 20 | 59 [4]
1,4-Dichlorobenzene 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 7,167 80 | -1 201,05 231,27 =33 | 79 [1]
1,2-Dichloroethane 83,0 4 83,5 7,28356 | —1 341,37 230,05 -12 1107 | ([1]
1,1-Dichloroethene 663,4 25,4 31,6 7,097 05 | —1 099,45 237,16 -28 | 33 [2]
cis-1,2- 2175 9,6 60,4 7,147 20 | -1 205,44 230,62 1 84 [2]
Dichloroethene
trans-1,2 360,7 14,9 47,7 7,090 03 | —1 141,98 231,93 -38 | 85 [2]
Dichloroethene
Dichloromethpne 475,3 19,8 39,6 7,076 22 | -1 070,07 223,24 -43 | 60 Mi
Diethylether 586,0 23,3 34,6 7,10962 | -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]
Dimethyldisulfide 29,3 1,6 109,7 7,10282 | —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 0,000 4 255,0 10,504 90 | -3 799,00 273,15 11 61 [4]
Epichlorohydrin 16,2 0,9 118,0 8,68590 | -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 5,0 771 7,13361 | —1 195,13 212,47 -14 1100 | [1]
Methyl acetate 229,9 10,7 56,9 7,186 21 | —1 156,43 219,69 -29 | 78 [1
Vinyl acetate 120,3 59 72,7 7,33500 | -1296,13 226,66 22 | 72 [2]
Ethanol 58,6 3,5 78,3 8,336 75 | -1 648,22 230,92 3 66 [1]

8 © 1SO 2009 — All rights reserved
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Vapour | dp/dT At N ) Constant of the vapour pressure
Compound r;rtezs:l:::e 20 °C B0|I|rlg point equation tgmn ’Tax Ref.
hPa/K c y B c c C
hPa (mbar)| (mbar/K)

Ethyl chloride 1343,2 47,5 12,3 7,07394 | -1012,77 236,67 -66 | 32 [1]
Ethylene glycol 0,1 0,01 197.,4 9,563290 | -3073,00 273,15 53 (197 | [4]
Ethylene 6,3 0,4 134,8 8,449 0 -2 300,00 273,15 80 | 135 [4]
glycolmonoethyl-
ether
Ethylene 11,9 0,7 124,6 8,43290 | -2 157,00 273,15 -13 1125 [4]
glycglmonomethyl-
ethe
Ethylene oxide 1449,6 53,2 10,5 8,81506 | -2 005,78 334,77 0 32 [2]
Ethy| mercaptan 579,1 22,9 35,0 7,076 96 | -1 084,53 233+39 —49 || 66 [1]
n-Heptane 47,2 2,5 98,4 7,021 67 | —1264,90 216,54 -2 || 123 | [1]
n-Hexane 161,8 7,3 68,7 7,00091 | 117117 224,41 =25 92 [1]
m-Cilesol 0,1 0,01 202,9 10,214 90 | -3 280500 273,15 52 || 88 [4]
Methyl methacrylate 41,0 2,3 101,3 8,88590 | -2432;00 273,15 =30 || 2 [4]
MetHanol 130,0 7,0 64,5 8,202 77 |,-1.580,88 239,50 -11|| 52 [1]
Methy! ethyl 99,9 4,8 79,6 7,333 57,1 368,21 236,50 -16 (| 103 | [1]
ketome
(butpnone)
Methy! butyl 3,6 0,3 127,6 9,945 90 | -2 753,00 273,15 8 39 [4]
ketome
(2-hgxanone)
Methyl cyclohexane 48,3 24 100,9 6,947 90 | -1 270,76 221,42 =3 || 127 | [1]
Methyl mercaptan 1702,3 59,5 6,0 7,156 53 | -1 015,55 238,71 -70 (| 25 [1]
1-Mgthyl naphthalene 0,1 0,01 244.8 8,43090 | -2 778,00 273,15 107 || 168 | [4]
4-Mdthyl-2- 19,8 1,2 116,5 6,82220 | -1 190,69 195,45 14 || 143 | [1]
pentanone
2-Mgthyl-1-propanol 9,3 0,7 107,7 7,34504 | -1 190,38 166,67 25 (| 128 | [1]
Mongchlorobenzene 1,7 0,7 132,3 8,372 90 -2141,00 273,15 -13 1| 71 [4]
Morgholine 9,1 0,6 127,8 9,53090 | -2 313,00 273,15 -6 || 26 [4]
Naphthalene 0,1 0,01 218,0 10,521 90 | -3 429,00 27,15 3 28 [4]
Nitropenzene 0,4 0,03 210,7 8,32990 | -2 564,00 27,15 92 |1210| [4]
n-Peptane 56576 21,8 36,1 6,977 86 | —1 064,84 232,01 -50 || 58 [1]
o~Pinene 4,3 0,3 156,1 6,977 43 | -1 446,38 208,03 19 (| 156 | [2]
[-Pinene 29 0,2 166,0 7,02327 | -1511,74 210,24 19 || 166 | [2]
Isopfopanol 441 2,8 82,3 8,242 68 | —-1580,92 219,61 2 100 | [1]
Propjonic acid 4,0 0,3 141,2 7,004 30 | -1471,50 210,00 15 || 43 [1]
Di-isppropylether 159,3 7,3 68,3 6,974 43 | -1 139,34 218,74 24 || 67 [2]
Isopfopyl benzene 4.4 0,3 152,5 8,755 90 -2377,0 273,15 3 38 [4]
Pyridine 20,5 1,2 115,3 8,467 90 | -2 098,00 273,15 22 | 55 [4]
Carbon disulfide 396,7 15,6 46,2 7,067 69 | -1 169,11 241,59 4 80 [2]
1,1,2,2- 41 0,3 145,1 6,756 58 | -1 228,06 179,94 25 1130 [2]
Tetrachloroethane
Carbon tetrachloride 121,6 5,6 76,6 7,104 45 | -1 265,63 232,15 =21 1101 | [1]
Tetrahydrofuran 172,9 7.9 66,0 7,12142 | -1 203,11 226,36 -20 | 89 [1]
Tetrahydrothiophene 18,6 1,0 121,1 7,120 30 | -1401,94 219,61 14 (147 | [1]
Thiophene 83,5 4,1 84,2 7,084 16 | -1 246,02 221,35 -12 1108 [ [1]
Thiophenol 1,6 0,1 169,2 8,893 90 | -2 559,00 273,15 19 | 56 [4]
Toluene 29,2 1,6 110,6 7,08540 | -1348,77 219,98 13 136 [1]
Triethylamine 82,0 4,0 88,8 8,183 90 | -1 838,00 273,15 -15 | 20 [4]
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Table A.1 (continued)

Vapour | dp/dT At B ] Constant of the vapour pressure
Compound ;;l'tezs;ljae 20°C BO|I|I:9 point equation tznin t,onax Ref.
hPa/K C y B c c |°C
hPa (mbar)| (mbar/K)
Triethylene glycol 0,001 0,000 1 376,8 7,88290 ([-3170,00 (273,15 22 52 |[4]
1,1,1-Trichloroethane |131,4 6,1 74,1 6,96954 [-1172,17 (221,64 -21 (98 |[1]
1,1,2-Trichloroethane |22,1 1,3 113,9 7,103 01 -1332,60 (211,38 12 139 |[1]
Trichloromethane 210,2 9,4 61,2 6,96288 [-1106,94 (218,55 -29 (84 |[1]
m-Xylene 8,3 0,5 139,1 7,458 14 [-1639,05 (230,69 0 60 {4l
p-Xylene 8,8 0,5 138,3 7,194 82 [-1505,94 (221,00 25 60.~([2]

Table A.2 4+ Vapour pressure data [for use with the Wagner equation (A.2)] and related properties for
various substances

Vapour dp/dT At B Constants of the vapour pressure equation
pressure 20°C B0|I_|ng p r , ,
Compound at 20 °C point c c min max
hp hPa/K oG A B c D 10° hPa K °C |[°C
a mbar/K
mbar
1,2-Dibromo- 11,7 0,7 131,5 |-7,450 07 | 2,228 49| -3,977.95' —0,247 34 53,5 646 17 ||373
ethane
Diethylamine 252,0 11,3 55,4 |-7,267 961,158 108,911 25| -1,179 81 37,1 496,5 | -33 |[223
Dimethylamine] 1704,4 63,9 6,9 -7,902 95(2,815 77},-6,313 38 | -0,224 07 53,1 437,7 | -33 || 165
Ethylene diamihe 12,5 0,8 117,2 |-8,822 54 |2,278%67| -3,526 36 | —6,975 79 62,8 593 12 |]320
Phosgene 1601,1 56,0 8,0 -7,081 77 | 4,604 61| —2,571 53 | —1,883 77 56,7 455 | -57 (]182
Propylene oxidp 587,6 23,7 350 |-6,975.69 (0,636 50| -1,491 87 | —6,377 43 49,2 482,2 | -24 ||209
Tetrachloroethgine 18,4 1,0 121,2 |-7,860-67 | 1,827 32| -3,477 35| —1,000 33 47,5 620,2 | -21 (|347
Vinyl chloride 3346,8 102,7 -13,4 | -6;50008 (1,214 22| -2,578 67 | —2,009 37 51,5 425 | —65 (|152
Water 23,4 1,4 100,0\\| -7,764 51| 1,458 38| -2,775 80 | —1,233 03 221,2 647,3 2 374

10 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=bc0cc3c6e9b33865a15ef52ddba3beb8

ISO 6145-9:2009(E)

Annex B
(informative)

Examples of uncertainty estimations

B.1 General

This|Annex gives numerical examples of estimating the relative expanded uncertainty of the volun|1e fraction of
the donstituent when preparing a calibration gas mixture.

B.2| Preparation of a calibration gas mixture with water vapour as'a component
The following are assumed:

— [emperature T, = 20 °C;

— pressure is 10 000 hPa (10 bar) (circulated method);

— lp,) = 0,02 hPa (0,02 mbar);

and
— |u(r)|=0,05°C.
Making use of the vapour pressure data of water from Table A.2:

b.(20 °C) = 23,4 hPa (23,4 mbar)

dﬁj = 1,4hPRalK (1,4 mbar/°C)
dT )ogec

The yolume fraetion of water determined by Equation (1) is:

Px 234

e. =2,34x1073
) 10 000

D=

The relative expanded uncertainty on this mixture calculated from Equation (2) is:

2
Ulg) _, [0,02)2[ 10 j2+ [273,15+20X14_1}>< 0,05
| (

o, 234 10 000 23,4 273,15+20)

The relative expanded uncertainty in the volume fraction of water vapour then is:

Uley)
¢)x

- 2\/(0,9><10—3)2 +(1><10‘3)2 +(2,8><10‘3)2 —6,2x1073
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