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Foreword

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
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internafional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Hart 2.

The main task of technical committees is to prepare International Standards. Draft lnternational Standards
adopted by the technical committees are circulated to the member bodies for{cvoting. Publigation as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attentign is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 6144 was prepared by Technical Committee ISO/TC 158, Analysis of gases.

This s¢cond edition cancels and replaces the first edition_ (ISO 6144:1981), which has beenf technically
revised
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Gas analysis — Preparation of calibration gas mixtures —
Static volumetric method

1

This International Standard specifies a method for the preparation of calibration gasmixture
volumetric method and provides a procedure for calculating the volumetric composition. of the n
be us¢d either with binary gas mixtures (containing one calibration component in a complements
is usuplly nitrogen or airl!: 2]) or with mixtures containing more than one componentin the compl
This International Standard also specifies how the expanded uncertainty in the volume fra
calibration component in the mixture is determined by a rigorous evaluation of all the
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ainties involved, including those associated with the apparatus used for the preparatic
e and those associated with the experimental procedure itself.

1 This International Standard is generally applicable to the preparation of calibration gas mixt
tion components in the concentration range 10 x 10~9 (10 ppb —~parts per billion) to 50 x 107 (50 p
by volume. However, gas mixtures may be prepared at larger or smaller volume fractions, pr
nents used in the static dilution process are selected appropriately.

2  Arelative expanded uncertainty of not greater thah + 1 % at a level of confidence of 95 % ma
e concentrations, provided that:

their measured concentrations have been-aken into account;

b significant adsorption effects or chemical reactions occur between the gaseous constituents a
rfaces of the apparatus, and thete are no reactions between any of the gaseous components, i.
libration component and complementary gas or between the calibration components themselves;

| the relevant apparatus/used in the preparation of a calibration gas mixture have been calibrateq
easurement uncertainties 'which are appropriate to calculating the final expanded uncertainty for the
ixture prepared.

ormative references

bllowing referenced documents are indispensable for the application of this docume

s by a static
nixture. It can
ry gas, which
ementary gas.
ction of each
measurement
n of the gas

ires containing
bm — parts per
bvided that the

be achievable

e purities of the parent gases have been determined by analysis and any significant impurities and the uncertainties

nd the internal
e. between the

with assigned
calibration gas

ht. For dated

hces, only the edition cited applies. For undated references, the latest edition of th

e referenced

document (including any amendments) applies.

ISO 7504, Gas analysis — Vocabulary

3 Terms and definitions

For th

e purposes of this document, the terms and definitions given in ISO 7504 apply.
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4 Principle

A calibration gas mixture consists of one of more calibration components in a complementary (diluent) gas,
mixed in a suitable gas-mixing chamber. These calibration components are generally pure gases taken from
cylinders, or from pure, volatile liquids that are allowed to evaporate into the gas-mixing chamber. The gas

mixture is prepared using syringes to inject:

— either known volumes of gaseous calibration components (each at a pressure of about 1 x 105 Pa);

or known

masses or volumes of liquid calibration components;

These are inj
pressure of a
the gas mixtu
atmospheric)
chamber and

At each stag
stirring devicq

The volume fi
of the ratio of

.,btUul iIItU d VU;UIIIU Uf bUIIIp:UIIIUI Itdly Ydas LUI ItdillUd ill t;IU III;)\;IIQ bi |a|||'uc| (Vvilib;l ib aia
bout 1 x 10° Pa). Further complementary gas is then added to increase the overall préss
re to an accurately measured value above ambient atmospheric pressure. This final’ (4
pressure is required so that the calibration gas mixture will subsequently flow out of the
can be used to calibrate a gas analyser, which is usually operated at ambient pressure.

a)

-

, and then left to equilibrate to ambient atmospheric temperature.

the volume of the calibration component to the total volume of the mixture.

5 Apparatus

at a
ure of
bove-
mixing

in the preparation procedure, the mixture is homogenized, usually by, means of a stitable

action of each calibration component in the calibration gas mixture_is determined by calcdlation

5.1 Gas-mixing chamber, consisting of the components specified in 5.1.1 to 5.1.8.
NOTE Anfexample of a suitable gas-mixing chamber is desctibed in Annex A.
5.1.1 Vessegl, comprising the gas-mixing chamber jitself, of sufficient internal volume to deliver the amount

of calibration
material that
required abo
access to the

NOTE1 Ve
(2 bar) and of

NOTE2 Mi
the commonly
components). H
which come in
when more rea

s inert to all the component gases) and designed both to be evacuable and to withsta
e-atmospheric operating pressures. It shall also have vacuum/high-pressure flanges to|
components that are mounted.within the mixing chamber.

ssels with internal volumes, 0f0,1 m3 to 0,5 m3, capable of operating up to pressures of about 2 x
haintaining a vacuum of better than 0,1 x 102 Pa (0,1 mbar), have been found to be suitable (see Anr

ing chambers manufactured from borosilicate glass or stainless steel have been found to be suitg
used gaseous(speCies (e.g. gas mixtures which contain SO,, NO, NO,, CO and CgHg as the cali
However, caresshall be taken in selecting the materials of the mixing chamber, and of the other comp
o contactwith the gas mixtures, so that they do not affect the mixture's stability adversely — part
ctive gas.mixtures are to be prepared.

gas mixture required for any subsegueént instrumental calibrations, manufactured of a suitable

nd the
allow

10° Pa
ex A).

ble for
bration
onents
cularly

5.1.2 Vacuphmpump, capable of evacuating the mixing chamber and its associated components to

a low

pressure, and including a suitable vacuum shut-oif valve. This low pressure shall be defined either so that any
gaseous contamination resulting from the residual low pressure has no effect on the accuracy of the
concentration of the gas mixture prepared, or so that a quantitative correction for the effect of this residual low
pressure may be made to the concentration of the mixture.

NOTE The residual gas pressure is generally due mainly to nitrogen from residual air. However, care must be taken
to ensure that other gases that may react with the constituents of the gas mixture are not present at significant
concentrations in this residual gas (e.g. traces of water vapour when acid gases are being used as calibration
components, or traces of oxygen in the case when nitric oxide calibration mixtures are being prepared).

5.1.3 Gas line, used for the injection of the complementary gas, and including appropriate metering and
shut-off valves.
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5.1.4 Pressure, vacuum and temperature gauges, used to monitor these parameters inside the mixing
vessel.

5.1.5 Septum, enabling a gas or liquid of known volume or mass to be injected into the mixing chamber
from a metering syringe (5.2).

5.1.6 Motor-driven gas-mixing device, e.g. a fan, enabling the gaseous components in the gas-mixing
chamber to be homogenized, and designed to provide satisfactory mixing of all the gaseous components to a
given degree of homogeneity within a specified time. Experimental tests shall be carried out to demonstrate
that the mixing device is able to achieve the required homogeneity within the specified time.

51.7
the m

5.1.8
and h
atmos

purpo

5.2
gas o
the g3

NOTE
5ml, 1
practia
NOTE

relativg
10 x 1

5.3
NOTE
5.3.1
the m

react

NOTE
(1,4 be

5.3.2
contai

5.3.3

__Pressure relief valve, used o ensure that the maximum internal safe working pressure specified for

Xing vessel and its associated components is not exceeded.

Outlet-gas sampling line, enabling the gas mixture prepared to be used for (calibrat
aving a device for equalizing the internal pressure of the gas mixture in the>mixing
pheric pressure so as to enable the gas mixture to be determined at ambient’ pressure
5es.

Calibrated metering syringe, which can be used to inject, by means-of a piston, a kng
liquid through a needle. The syringe shall have gastight seals to ensure that no significa

s or liquid takes place.

1 Glass syringes having polytetrafluoroethene (PTFE) bushings as seals, and with internal vol

ml, 0,5 ml and 0,1 ml, have been found to be suitable when used with mixing chambers of volum

al use, and when used to prepare gas mixtures for the calibratiorn of ambient-air analysers.

2 It is recommended that the internal volume of the'syringe be measured experimentally w
e uncertainty of £ 1 % (at a level of confidence of 95 %Y. In addition, the syringe should have a maxim
D2 Pa (10 mbar) per hour after evacuation to 5 Pa (5% 102 mbar), in order that it has satisfactory lea

Apparatus for filling the metering syringe, consisting of the components specified in 5.3
An example of a suitable set-up forfilling the syringe is described in Annex A.

Evacuable gas reservoir,‘capable of containing gas at above-atmospheric pressure sd

btering syringe to be filled-tothat pressure, its internal surfaces being made of a material

ith any of the calibration‘eomponents.

A gas reservoir'with an internal volume of about 100 ml, capable of operating up to a pressure
r) and of maintaining-a vacuum of better than 0,1 x 102 Pa (0,1 mbar), has been found suitable.

High-pressure gas cylinder, containing the selected pure gas component (or
hing a higher concentration of gas mixture).

Pressure regulator, used to enable the pressure of gas in the reservoir to be adjus

on purposes,
chamber with
for calibration

wn volume of
nt leakage of

umes of 10 ml,
es which are in

th a maximum
um leak rate of
ktightness.

.11t05.3.9.

as to enable
that does not

of 1,4 x 105 Pa

h pre-mixture

ted to a pre-

defing

d pressure above that of the ambient atmosphere.

5.3.4 Septum, constructed of appropriate material, enabling the needle of the metering syringe to be
introduced into the gas reservoir.

5.3.5 Vacuum pump, enabling the gas reservoir and its associated components to be evacuated to below
the required vacuum.

NOTE

5.3.6

It is important to ensure that any gaseous component which may be hazardous, and which is exhausted by
the vacuum pump to the atmosphere, is vented in a safe way.

Pressure gauge, used to monitor the pressure of the gas in the reservoir during the various stages of
the preparation procedure.
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5.3.7

the vacuum pump.

5.3.8
1,4 x 10° Pa).

It should be vented to a safe location.

Gas shut-off valves, used to isolate the gas cylinder from the reservoir, and the gas reservoir from

Pressure-relief valve, capable of relieving a gas pressure selected to protect the apparatus (typically

5.3.9 Suitable vessel, for use when the metering syringe is to be filled with a volatile liquid rather than a
gas, and enabling the syringe to be filled in a manner that prevents the ingress into the syringe of any
components other than the volatile liquid.

6 Procedure-forpreparing-the-calibration-gasmix

6.1 Detern
There are a1
practice. The
normally mea
increase in m
accuracy. Fo
determined b

fLira

LA LA

hination of the volume of the gas-mixing chamber

umber of ways by which the internal volume of the gas-mixing chamber may be determi
major component of this volume will be the internal volume of the empty vessel itself and
sured by filling it with water, or with another liquid of known density, and\then determini
ass due to this liquid. However, other methods may be used where-these have the re
lowing this, the internal volumes of the components within the gas-mixing chamber sh
, for example, geometric measurement or liquid displacement. Corrections shall then be

for the volumegs of these additional components when determining the net volume of the chamber. Corrg

for some of t

e components (e.g. the gas-mixing device) will lead to a smaller volume whereas other:

the pressure gauge and the outlet pipes leading to the shut-off valves) will lead to an increase in volume

These measu
may have bg
significant, to
need to be n
temperature,

6.2 Condit

A new gas-m

rements of the volumes of the components that makedp the total gas-mixing chamber (s¢
en carried out at different temperatures. In such-'cases, corrections shall be made,

convert the measured volumes to a commonsambient temperature. A further correctio
nade if the complete mixing chamber with_all"its components is used at a different ar
brovided such a correction is significant.

ioning the gas-mixing chamber.before use

xing chamber will normally contain ambient air, and this may contain trace pollutants at

that would affect the accuracy of the calibration gas mixture. In addition, the inside surfaces of the ch

may be conta
chamber. It i
contaminatior]
less than 5 x
gas which is
from the mixi
monitor SO,,
whether signi

minated with a surface layer which may react with some species which are put in the

therefore necessary (0ycondition the mixing chamber before use so as to avoid any po
of the calibration gas from these causes. Do this by evacuating the chamber to a press
102 Pa (5 mbar).Fhen fill the chamber to above-atmospheric pressure with the complem
to be used in~the preparation of the calibration gas mixture. Subsequently, connect the
hg chamber.to a set of instruments designed to measure air pollutants (e.g. analysers
NO,, COYand hydrocarbons). These shall have sufficient detection sensitivity to dets
ficant_concentrations of the relevant gaseous impurities exist in the complementary gas

mixing cham§

er at this time. Allow the complementary gas in the mixing chamber to flow into these ana

ned in
this is
g the
quired
all be
made
ctions

5 (e.g.

e 5.1)
where
h may
nbient

levels
amber
mixing
tential
ure of
entary
outlet
which
rmine
in the
ysers,

and observe tpe concentrations of any impurities detected.

Repeat this procedure, involving the evacuation of the mixing chamber followed by re-filling with
complementary gas, several times or until all relevant gaseous impurities are below the concentrations
required to prevent significant contamination of the calibration gas mixtures to be prepared in the chamber. In
circumstances where this cannot be achieved, either clean the mixing chamber by other means so as to
remove the contaminants, or make a suitable correction when calculating the concentration of the calibration
component in the calibration gas mixture so as to allow for such impurities.

In circumstances where such an analysis of the impurities present in the complementary gas is the only one
that is carried out, the detection limits of the analysers used shall represent the upper limits for the
concentrations of the impurities which could be present in the calibration gas mixture. In these cases, the
concentrations represented by these detection limits shall be taken into account in the determination of the
expanded uncertainty of the prepared calibration gas mixture. In cases, however, where additional, more
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sensitive, analyses of impurities are carried out by other means, the results of these analyses shall instead be
incorporated into the expanded uncertainty of the calibration gas mixture.

After the mixing chamber has been pre-conditioned using the above procedure, it is possible that it might not
be used for a significant period. If this is the case, re-fill the mixing chamber with the selected complementary
gas at a pressure that is higher than ambient, so as to minimize further contamination which may arise from
ingress of gaseous pollutants from the ambient atmosphere.

Subsequently, carry out the following steps to prepare the calibration gas mixture.

6.3

Filling the mixing chamber with the complementary gas

First

contamination by components of the residual gas will have no significant effect on the accuracy 4

the fi
compl
tempg
tempsg
tempe

NOTE
less th
complg

After

press
conne
mixing
gas m

6.4

The rg
from t
value
at lea
conce

nal calibration gas mixture (typically about 5 x 102 Pa). Then fill the chamberwith
ementary gas through the feed line (5.1.3) to about 0,1 x 105 Pa (0,1 bar) above'd@mbient
rature of the complementary gas in the mixing chamber after filling will Aormally be a
rature (due to adiabatic compression). Allow the gas to stand, therefore,, so that it equi
rature of the mixing chamber, and to that of the ambient atmosphere.

an 0,1 % (relative) of the value of the concentration. In practice, thérefore, it is sufficient to 4
bmentary gas temperature and the ambient temperature are within 0;2.°C of each other.

he temperature of the complementary gas and the exteshal temperature have equilibra
ire of the complementary gas in the mixing chamber to ambient pressure by opening the
cted to the pressure relief valve (5.1.7). Record bofh the temperature and the pressure of

chamber at this point, for use subsequently in the determination of the concentration of
ixture.

Determination of the calibration component volume required

quired volume of the calibration component which is to be injected into the mixing chambe
he required composition of the final gas mixture, the volume of the mixing chamber itself,

of the final gas pressure in the\mixing chamber. Where a liquid is to be injected, it is impo
5t approximately, the density of the calibration component in its liquid form so as to obtai
htration in the gaseous state when the final calibration gas mixture is produced.

ccuracy to which-the’ internal volume of the syringe is known, and any leakage to the
h the needle orthrough the seals of the syringe, will make a contribution to the overall a

tion gas mixture. An example of a method used to determine experimentally the volume
, to demonstrate the leaktightness of the syringe, and to demonstrate the amount of gas

bvacuate the mixing chamber, using the vacuum pump (5.1.2), to a residual pl’eSSLIll'e such that

nd stability of
the selected
oressure. The
bove ambient
ibrates to the

A temperature difference of 0,2 °C will introduce an uncertainty in th€ final volume fraction of @ component of

nsure that the

ted, bring the
shut-off valve
the gas in the
he calibration

I is calculated
and the target
rtant to know,
n the required

D

e

atmosphere
ccuracy of the
of gas in the
loss through

certainty in its

he uncertainty
the minimum

number of injections of calibration component into the mixing chamber. However, the choice of syringe will
also depend, in practice, on the availability of a suitable syringe with the required uncertainty in its volume.
Record the number of injections that are required.

6.5

6.5.1

Filling the syringe with the calibration component

Gaseous calibration components

When gaseous calibration components are employed, use the apparatus described in 5.3 to fill the syringe.
Then proceed using the following procedure.
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First close the shut-off valve on the cylinder of calibration component. Then use the vacuum pump to
evacuate the whole apparatus, including the reservoir, to a sufficiently low pressure to ensure that any gas left
in the reservoir does not have a significant effect on the concentration or stability of the final gas mixture.

NOTE A residual pressure of about 1 x 102 Pa (1 mbar) has generally been found to be suitable. However, this will
depend, in practice, on the type of gas mixture being prepared and the concentration of the calibration component. It is
recommended, therefore, that consideration be given to the residual gas pressure required when evaluating the
uncertainty in the concentration of the calibration component in the gas mixture.

Close the shut-off valve between the vacuum pump and reservoir, and fill the reservoir with the calibration
component up to a pressure of about 1,4 x 10% Pa (1,4 bar). Re-evacuate the reservoir and then refill it with
calibration component. Repeat this purging process a sufficient number of times so as to ensure that no
gaseous impyrities are Teft with the calibration component In the reservoir. After the final Tilling, check the gas
pressure in the reservoir to ensure that sufficient over-pressure is available to fill the syringe.

NOTE Ap vented

safely when it i

bropriate precautions should be taken to ensure that the calibration component, if hazardods, is
5 discharged from the apparatus.

Insert the ne
reservoir. The
the calibratior

Fill the syring
the septum

edle of the selected empty metering syringe through the reservoir septum (5.3.4) in
n raise and lower the plunger of the syringe a sufficient number of times-{o’flush the syring
component and ensure that no significant contamination remains.

e completely by withdrawing the plunger to its full extent. Thensremove the syringe needl|

o the
e with

b from

and depress the plunger so that the syringe contains thevtarget volume (taking stitable

precautions, where applicable, to avoid any hazardous discharge of\the calibration component info the
atmosphere).
6.5.2 Liquid calibration components

The procedur
that for gase
amounts of c(

6.6 Introd
Introduce the|
possible after
for the initial
determine ex
of the filling a

Depress the

chamber, at the same time withdrawing the needle from the septum.

Carry out the

I
;Kerimentally, for each’syringe used, the time taken to extract the syringe needle from the s

e for filling the selected metering syringe with liquids is, in principle, more straightforwar
bus calibration components. However, it.shall be designed so as to ensure that no sign
ntaminants, including air, are drawn inta_the syringe during filling.

iction of the calibration component into the mixing chamber
needle of the syringe through the septum (5.1.5) of the gas-mixing chamber as quic

above-ambient pressure in the syringe to decay to atmospheric pressure. Where po
bparatus and inject’the gas into the mixing chamber.

plunger ofithe syringe slowly, thereby injecting the calibration component into the

number of repeat injections necessary (as determined in 6.4) to produce the required calilj

gas concentration, using the above procedure for filling the syringe and injecting its contents into the

d than
ificant

kKly as

the volume of gas in the 'syringe has been brought to the target value but allowing sufficient time

5sible,
eptum

mixing

ration

mixing

chamber.

Homogenize the gas mixture in the mixing chamber using the gas-mixing device (5.1.6). The time necessary
to achieve the required homogeneity will depend both on the size and shape of the mixing chamber and on
the performance of the mixing device, and this shall be investigated experimentally for the specific apparatus
being used.

Where more than one calibration component is to be added, repeat the procedures in 6.5 and 6.6 for each of
the additional calibration components.
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6.7 Introduction of additional complementary gas

Increase the pressure by introducing additional complementary gas (up to the safe working pressure of the
apparatus) so as to enable sufficient gas to be made available for instrumental calibrations (which are
generally carried out using the calibration gas mixture at atmospheric pressure).

NOTE The size of the mixing chamber, combined with the pressure of the gas mixture in the chamber (more
precisely, the excess pressure above atmospheric), defines the volume of gas which can be used for calibrations at
ambient pressure.

Following introduction of this additional complementary gas, re-mix the gas in the mixing chamber using the
gas-mixing device for a suitable length of time so that the required homogeneity is achieved.

Allow [the mixture to re-equilibrate to ambient temperature (see Note to 6.3). Record the_final |pressure and
tempgrature of the gas mixture as indicated by the gauges in the mixing chamber (see 5114), for subsequent
use injthe determination of the concentration of the calibration gas mixture.

7 GQGalculation of the volume fraction of the calibration component in the gas mixture

7.1 |Gaseous calibration components

The vplume fraction of a calibration component Xg in a binary calibration gas mixture is calculpted from the
follow|ng equation:

P ><V(xg)
P2xVeg+p1xV(xg)

(x) = (1)

S

wherg

Ax) is the volume fraction of component x in the calibration gas mixture when it is|used for the
calibration of a gas analyser;

g is the volume of the complementary gas in the mixing chamber;

14 xg) is the volume of/the gaseous component Xg in the syringe, referred to the same tgmperature as
that of the mixing-chamber;

p is the pfessure of the gas mixture in the mixing chamber before the fina| injection of
complementary gas;

y43 isthe pressure of the gas mixture in the mixing chamber following the fingl injection of

complementary gas.

Both votumes V(xg) ard eg shattbeTeferredtothe sameambienttemperature fimpractice, the temperature
will be the same if the gas (or liquid) calibration component is injected from a syringe which is at the same
temperature as that of the gas-mixing chamber].
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A good approximation to, and simplification of, equation (1) can be derived if the volume ¥V(x,) is much less
than Veg when determined at the same temperature and pressure. In this case, the following equation results:

_ p1V(Xg)

o(x)
p2 ch

(@)

7.2 Liquid calibration components

In the same way as discussed in 7.1, the volume fraction, in a calibration gas mixture, of the calibration
component gas obtained by evaporation of a liquid calibration component in the gas-mixing chamber is given

by:

xV(x
plx) = L1V Ex) ©)
phxVeg+p1xV(x))
where 7(x) is| the volume of calibration component x, after it has evaporated to form a gas, expressed|in the
same units ag V] (see below);
In this case, Wwhere a calibration component is injected into the mixing chamber.in the liquid phase uging a
syringe, followed by evaporation, the corresponding volume of the calibration component in the mixing
chamber can pe calculated as follows:
WixpoxVym
V(x))=+—"> 4
(x)) v (4)
where
¥, is the volume of calibration component x in liquid form;
p is the density of the calibration component(in‘liquid form at the temperature of use;
M is th¢ molar mass of the calibration.component;
Vm  is|the molar volume of the-evaporated liquid, referred to the temperature and pressure of the
mi{xing chamber at the time of injection of the liquid, assuming ideal-gas behaviour.
NOTE In equations (3) and (4),Nit"has been assumed that the ideality law holds when converting from liquid|to gas
volumes. Howgver, where appropriate, the compressibility of the liquid component should preferably be used insfead in
this calculation] where this can be“derived from appropriate scientific literature.
In addition, by a similat:approximation to that used to derive equation (2), for a binary calibration gas produced
by liquid injeg¢tion in the situation where ¥(x)) is much less than Vegs the final volume fraction (x) jof the
calibration component is given by:
Vix
o(x) = pV(x) (5)
P2 ch
where
V(x) and V4 are as defined above;
D1 is the pressure of the gas mixture in the mixing chamber before the final injection of
complementary gas;
Do is the pressure of the gas mixture in the mixing chamber following the final injection of

complementary gas.
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8 Determination of the uncertainty in the concentration of the calibration
component in the gas mixture

8.1 Expanded uncertainty

The expanded uncertainty in the concentration (volume fraction) of the calibration component in a binary
calibration gas mixture shall be determined, where practical, by experimental evaluation of the individual
measurement uncertainties associated with all the influence variables. These individual uncertainties are then
combined in a square-root sum-of-squares manner to produce the overall measurement uncertainty of the
concentration in the calibration gas mixture. This is discussed below.

8.2 |[Influence variables related to the particular apparatus and preparation proce|dure used

8.2.1 | Uncertainty in the volume of the calibration component, V(xg) or /(x)), injected.into the mixing
champer

The gxact volume of calibration component injected from the metering syringe into the mixing chamber is
influemced by a number of factors, including the following:
a) he internal volume of the syringe, corrected for the ambient température at which it is uged, is initially
bfined by the syringe manufacturer, but it is recommended that-thé user also check it expelimentally.

o -

=z

OTE It is practical to obtain syringes with internal volumes\which have been certified to bett¢r than + 0,5 %
relative) from commercial suppliers.

—

b) aseous diffusion of the calibration component may«take place through the needle of the syringe into the
mosphere. Clearly, the importance of this factof will depend, at least partially, on the fime between
ktraction of the syringe needle from the septum of the filling reservoir and the time when the gas is
rjected into the mixing chamber.

=0 o

—

his shall be determined experimentally, where possible, for each of the syringes uspd. However,
Kperiments made with certain syringes used in practice have shown that there is no signifigant difference
rl the calibration component volume injected when the time between extraction of the syringe needle from
he filling-reservoir septum and.injection of the gas into the mixing chamber is varied from 5 to 30 s.

= =

c) as may diffuse into the atmosphere through the seals of the syringe (this is unlikely to pe significant,

bwever, provided a sufficiently leaktight syringe is used, as specified in 6.4).

= 0)

The upcertainties thatresult from all these sources shall be included in the uncertainty in the concentration of
the cqlibration gas.mixture. Annex B gives a specific example of the determination of the internal volume of a
meter|ng syringe.

8.2.2 | Uncertainty in the volume of the complementary gas, Vegs which arises from the ungertainty in
the inrernal volume of the gas-mixing chamber

Each of the volume measurements used to determine the total volume of the gas-mixing chamber (described
in 6.1) will be subject to a measurement uncertainty. These shall be combined, using the standard square-root
sum-of-squares procedure to obtain the overall measurement uncertainty ascribed to the actual measured
internal volume of the gas-mixing chamber.

It should also be noted (see 6.1) that each of the measurements of the volumes that make up the total may
have been carried out at different ambient temperatures. Corrections may, therefore, have to be made to
these in order to convert these volumes to a common ambient temperature, where such corrections are
significant. This procedure will yield the volume of the mixing chamber at a specific ambient temperature. The
mixing chamber will, however, be used at other ambient temperatures, and a correction shall, therefore, then
be applied so as to define the volume of the gas-mixing chamber at the ambient temperature actually used. In
these cases, any significant uncertainties arising from the corrections applied shall be included in the overall
measurement uncertainty of the concentration of the calibration gas mixture.

© 1SO 2003 — Al rights reserved 9
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8.2.3 Uncertainties in the measurement of the two pressures p, and p,

These two pressure measurements contribute directly to the final volume fraction of the component [see
equation (5)], and therefore the uncertainties in the measurements of these pressures shall be taken into

account.

8.2.4 Uncertainties in the measurements of the ambient pressure and temperature to which both

volumes ¥/(x)

and V4 are referred

This is an item which, if significant, must be included somehow in the expanded uncertainty, since corrections
are made to adjust from the working conditions of p and T in the vessel to the ambient conditions [see

Wi aoation

paragraph fol

8.2.5 Unce
complemen

All gases con
the gas mixtu
preparation (
therefore, a

analysed, or t

The effects o
different from

The calik
assumed
compong
systemat]

a)

If no co
compong
compong
significan
b) Impuritie
way. For

&

H L4)\]
wig—CquatOr—17-

ainties due to gaseous impurities in the calibration component and key impurities i
ry gas

tain impurities, and these may affect the exact volume fraction of the calibration compor
e when prepared by the static volumetric method or by any alternative ntethod [e.g. gravi
SO 6142)[31 and dynamic volumetric preparation (the various parts of-4SO 614514)]. Th
requirement for impurities in the calibration component and the%“complementary gas
he accuracy and/or stability of the prepared gas mixture may be degraded.

h the

ent in
metric
bre is,
to be

impurities in the calibration component gases on the accuracy’of the gas mixture are geferally

those of impurities in the complementary gas, as discussed-below:

ration components in the calibrations which are .uséd to determine (x) (see Clause
to comprise only the gaseous species selected. Therefore, any gaseous impurities in

7) are
these

nts will give a gas mixture with a concentratiofi~of the specific calibration component which is

cally lower than that calculated using the method of Clause 7.

rection is made for the impurities présent, the calculated concentrations of the calilj
nts will be in error by up to several percent (relative). The likely impurities in the calil
nts shall therefore be analysed, and appropriate corrections made, if these impurities
t concentrations.

5 in the complementary gas-affect the concentration of the prepared gas mixture in a di
example:

If c

condentration of each component in the gas mixture will be higher than that calculated
Clauge 7. In this.case, either the concentration of each calibration component in the complem
gas phall be determined with sufficient sensitivity so that it makes no significant contribution
expgnded uneeértainty, or the concentration of each calibration component shall be shown

belo

as a|contribution to the expanded uncertainty in the volume fraction of that particular compor

libration compofents are contained as impurities in the complementary gas, the

the 'detection limit of the measurement. In this latter case, the detection limit shall be ing

ration
ration
are at

[ferent

n the
as in
entary
to the
to be
luded
ent in

the comptementarygas:

— Alternatively, if the complementary gas contains impurities that will react with a calibration
component, these will have a detrimental effect on the accuracy or stability of the final gas mixture.
These impurities shall therefore be analysed with a detection sensitivity that is sufficient to
demonstrate that they are not present in significant concentrations in the complementary gas, or an
allowance for any instability occurring shall be made when calculating the expanded uncertainty in
the volume fraction of the calibration component. A specific example of an expanded uncertainty
determination including these component uncertainties is given in Annex C.

10
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8.2.6 Uncertainty arising from the degree of stability of the calibration gas mixture between
preparation and use

This will depend on:

Tests|shall, therefore, be carried out, where possible, to determine the stability, as a functien
gas mixture prepared using specific components and a particular apparatus. A specific example
is givgn in Annex D.

8.2.7

This gomponent of the uncertainty budget arises because the gas mixture willbe used for calibrg
at a pfessure different from that at which it was prepared. However, sincé_these pressures will b
differg
errors
comp
comp

8.3

All significant contributions to the uncertainty in the\concentration of the final mixture shall be cg
a squ
uncer
be de
(fora

An expmple of how to calculate the'expanded uncertainty in the concentration of the prepared
given

the species selected as the calibration component, and its reactivity with the inside walls and the other
components of the mixing chamber (this may also be a function of the concentration of the calibration gas

mixture);

reactions between any trace impurities in the complementary gas or the calibration component (e.g. for
mixtures of nitric oxide in nitrogen, trace concentrations of oxygen in the nitrogen will affect the stability of

the_mixture and this will be dnpnndpnf on-the concentration of nitric oxide in the gas mixture).

Uncertainty arising from the compressibility of the components of the gas mixture

nt from each other in practice, and since calibration components are generally at low ¢
which arise in the volume concentration of the gas mixture as a result of the us
essibility factors are unlikely to give rise to significant errors in the concentrations of

bnents in the final mixture.

Calculation of the expanded uncertainty in the volume fraction of a compone
are-root sum-of-squares procedure to.give the overall measurement uncertainty. T
ainty is generally then expressed at a level of confidence of 95 %, using a statistical ¢-fact

arge number of degrees of freedom, this involves a multiplicand of 2).

n Annex C.

pf time, of the
of such a test

tion purposes
e only slightly
bncentrations,

of incorrect
e calibration
nt

mbined using
nis expanded
or which shall

Fived from the appropriate number 0f:degrees of freedom that contribute to this expandgd uncertainty

jas mixture is
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Annex A
(informative)

Example of an apparatus suitable for the preparation of calibration gas
mixtures by the static volumetric method

A.1 General

The completd apparatus shall be leakproof. After evacuation to about 5 Pa (5 x 10-2 mbar), the |leak-rafe into
the apparatug shall be less than 10 x 102 Pa/h.

A.2 Mixing apparatus
A schematic qutline is shown in Figure A.1.

A.2.1 Mangmeter, capable of measuring pressures between 0,1 x 105 Pa“and 2,0 x 10° Pa (0,1 bar and
2,0 bar) to an|uncertainty of 1,0 x 102 Pa (1,0 mbar).

A.2.2 Relief valve, capable of relieving pressure at 1,4 x 10° Pa (1,4 bar).
A.2.3 Shutjoff valves.

A.2.4 Pressure-equalization device.

NOTE A wash bottle filled with water has been found-suitable.

A.2.5 Temperature sensors, placed in the mixing chamber and on the outside shell, capable of meajsuring
temperature differences to an uncertainty of Q,2-°C.

A.2.6 Vacupm pump, capable of generating a vacuum of 5 Pa (5 x 10-2 mbar).

A.2.7 Fan, pf sufficient integrity@nd size so that gas does not leak and adequate mixing is ensured.

A.3 Syringe-filling apparatus

A.3.1 Resefvoir, gastight, with a volume of about 100 ml, with openings and connections as shqwn in
Figure A.2, cgpable‘of being operated under a pressure of 1,4 x 10° Pa and under a vacuum of 0,1 x 102 Pa,
made of a mgtérial that does not react with the calibration component gas.

A.3.2 Manometer, capable of measuring pressure between 0,1 x 10° Pa and 2,0 x 10° Pa to an uncertainty
of 1,0 x 102 Pa.

A.3.3 Relief valve, capable of relieving pressure at 1,4 x 10° Pa and vented to a safe area.
A.3.4 Shut-off valves.
A.3.5 Vacuum pump, capable of generating a vacuum of 5 Pa.

A.3.6 Septum, made of e.g. silicone rubber.

12 © IS0 2003 — All rights reserved
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Key

1 vacuum pump 11stemperature sensor for mixing chamber

2 copnection line for vacuum pump 12~ plane-polished flanges for connection to standard glass parts
3 mixing chamber (with screw connections)

4  complementary gas 13 relief valve

5 fegd line for complementary gas 14 motor-driven fan

6 calibration component 15 vent to safe location

7 métering syringe 16 outlet for calibration gas mixture

8 septum 17 pressure-equalization device

9  shlut-off valve 18 reference analyser

10 pressure gaugé 19 temperature sensor for measurement of ambient temperature

Figure A.1— Schematic diagram of a mixing apparatus for the preparation of calibration gas mixtures
by the static volumetric method

© 1SO 2003 — Al rights reserved 13
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)

B =

—
Key
1 calibration component 6  shut-off valve
2  two-stage|pressure valve 7  pressure gauge
3  reservoir 8  vacuum pump
4  metering gyringe 9  vent to safe location
5 septum 10 relief valve

Figure A.2 4+ Schematic diagram of set-up for filling a syringe with a gaseous calibration compdgnent

A.4 Syringe

A.41 Metering syringe, gastight, witlrneedle, with a maximum relative uncertainty of 1 %. Syringes of
0,1 ml, 1,0 mlfand 10 ml, with PTFE/bushings as seals, have been found suitable.

A.5 Working materials

A.5.1 Complementary 'gas, e.g. nitrogen or synthetic air, the purity requirements depending gn the
intended purpose.

A.5.2 Calibration component: pure gas, gas mixture or liquid, depending on the intended purpose.

14 © IS0 2003 — All rights reserved
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Example of determination of the volume of metering syringes

B.1 Determination of volume V' of syringe

The

}

lumes of several NO and SO, syringes were determined by filling with water, weighir|19 on a high-
sensitjvity balance (a Mettler AT201) and calculating the volume from the mass of liquid~i

h the syringe

(assumning a density of 0,998 g/cm3 at 22 °C). Several replicate volume determinations Were carried out in a

continuous cycle. The results are shown in Table B.1.
Table B.1 — Syringe volume
NO gyringe | NO syringe | NO syringe | NO syringe | NO syringe | SO,syringe | SO, syringe | SO, syringe
1 2 2 3 4 1 2 3
I x|10-6 I x 10-6 I x 10-6 I x 106 I x 1076 Ix 1076 Ix 1076 I x 10-6
24,71 39,9 40,0 78,49 99,37 39,72 49,22 69,47
24,80 39,6 39,9 78,40 99,30 39,81 49,28 69,52
24,69 39,6 40,0 78,48 99,50 39,67 49,31 69,42
24,80 39,9 40,0 78,60 99,50 39,76 49,24 69,45
24,77 40,0 40,0 78,58 99,45 39,72 49,20 69,44
24,76 39,9 40,1 78,65 99,43 39,66 49,37 69,36
24,74 39,9 39,9 78,69 99,47 39,74 49,23 69,37
24,76 39,8 40,1 78,63 99,44 39,74 49,32 69,39
24,85 39,9 40,0 78,52 99,33 39,68 49,22 69,43
24,73 39,9 39,9 78,56 99,47 39,72 49,27 69,37
24,73 40,2 39,7 78,60 99,55 39,69 49,28 69,47
24,74 399 — 78,58 99,48 39,81 49,24 69,47
24,74 40,1 — 78,65 99,46 39,69 49,27 69,46
24,71 40,0 — 78,79 99,36 39,76 49,25 69,44
24,84 40,1 — 78,63 99,36 39,76 49,18 69,36
NOTE! Data Irm'\\/i(harl hy Fumppnn Commission's Joint Resear ch Centre Ielnra Italy
© 1SO 2003 — Al rights reserved 15
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B.2 Uncertainty in the volume determination

The variations in the measured volume reflect variations in the filling and emptying processes and in the
performance of the balance. The standard deviations of the estimates for " shown in Table B.1 are the square

roots of w2,

also given in Table B.2.

The balance was also subject to a linear deviation of + 0,02 mg (0,02 pl) from the true value in the range 0 g
to 5 g. Assuming a rectangular distribution, the best estimate of the standard uncertainty for V' is the square
root of u,,2, also given in Table B.2.

Table B.2 — Measured volumes of syringes

The uncertair
as outlined in

Average volume Uy Uy
Syringe
I x 1076 I x 108 Ix 108
NO syringe 1 24,71 4,68 x 1072 1,15 x 102
NO syringe 2 39,86 4,56 x 1072 1,15 x 1072
NO syringe 3 78,43 9,44 x 1072 1,15 x 102
NO syringe 4 99,23 7,15 x 1072 1,15 X102
SO, syringe 1 39,65 4,56 x 1072 1,15 x 102
SO, syringe 2 49,16 4,94 x 1072 1,15 x 1072
SO, syringe 3 69,29 4,86 x 1072 1,15 x 1072

Annex C.

ties in Table B.2 were incorporated in an expanded uncertainty for the static volumetric method

Obviously, there are differences between injecting a-gas with a syringe and injecting a liquid, but it is pgssible

to make a goq

d estimation of the volume, provided\the precautions outlined in 6.5 are followed.

16
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Example of the determination of the uncertainty in the concentration
of a calibration gas mixture prepared by the static volumetric method

CA

A syri
This V
atmosg
until t
permi

C.2

S

This €

Accor

by equiation (C.3). It is assumed that the variables are not correlated.

N

rocedure
Foceagdre

nge of known volume V(xg) was filled with pure SO, gas at atmospheric pressure and roon
olume of SO, was injected into a large vessel of known volume Veg filled with hydrocart
pheric pressure and room temperature. Further hydrocarbon-free air was then intréduced i
he desired final pressure was obtained: this is normally about 1,5 x 10% Pa\(1 500 mbg
easy use of the mixture. The mixture is ready for use when it reaches roomtemperature.

Model equation

V(Xg) Xﬁ

)= Veg+V(xg) p2

P(X)x

quation can be simplified by taking into account that Veg * V(xg) =~V

9 giving

Vi(x
Mxg) p1
P2

(x) = p(X)x
cg

Hing to the Guide to the expressiofi of uncertainty in measurementl®], the combined uncer|

2 5 )
2[p(x)] = rVlxg) a2, + PX)xV(xg) W2 | eX)xpe| 2 P(X)x pqV(x
cly % P(X) % 71 v Vg T T2,
P2Vcg P2Vcg P2Veg P22Veg
2
{(”(X)Xpw(xg)] 2
H——————— | u
Veg

2
p2 ch

temperature.
on-free air at
hto the vessel
r) in order to

(C.2)

fainty is given

(C.3)
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C.3 List of quantities

C.3.1 Gene

ral

The quantities concerned are listed in Table C.1.

Table C.1 — List of quantities

Quantity Unit Definition
o(x) — Volume fraction of SO, in the resulting mixture
o(X) — Volume fraction of SO, in the pure or concentrated SO, injected
V(xg) | Volume of SO, injected, expressed in litres (or in the same units as ch)
ch | Volume of hydrocarbon-free air, expressed in litres [or in the same units as V(xg ]
D1 Pa x 102 (mbar) |Pressure of the SO, in the syringe (same units as p,)
)2 Pa x 102 (mbar) |Final pressure in the vessel (same units as p,)
C.3.2 ¢(x)

Calculated frg

C.3.3 o(X)

Type B uncer

Value: 0,999(

Half-width of distribution: 0,000 1

The volume
uncertainty, s

In this case, t
determination
made availab
the purity wer
zero probabil

m equation C.2 (see also Table C.1).

ainty

)

fraction of SO, in the SO, injected, ¢(X) (called purity hereafter), and its correspq
hould be determined by the’end-user or by an external laboratory accredited for such testin

he purity of the SO3%.in’ the cylinder was given by the manufacturer, which was accredited
of SO, contents\in’gas cylinders. However, in the absence of a certificate, the only infor
e by the mandfacturer was that the purity was better than 99,98 %. The lower and upper li
e chosen tobe 0,999(8) and 1, with maximum probability that the purity is equal to 0,999(
ty that the’ purity is 0,999(8) or 1. The probability distribution is then triangular with

nding
g.

or the
ation
its of
D) and
100 %

probability thgt the purity lies within this interval. The standard uncertainty for (X) is given by
56,0002
ulp(X)] = \/T = 40,8x10°

C.3.4 V(xy)

Type A uncertainty

Value: 0,000 039 65 |

Standard uncertainty: 4,97 x 10-8 |

Degrees of freedom: 18

18
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The volume of the syringe used for injection was determined by filling it with water and calculating the volume
from the mass of water in the syringe (assuming a density of 0,998 g/cm3 at 22 °C). Fifteen replicate volume
measurements were carried out in a continuous cycle. The variations in the measured volume reflect
variations in the filling and emptying processes and in the performance of the balance. The standard
deviation, for V(xg) = 39,65 pl, is the square root of 2,15 x 10-1% |2 with 14 degrees of freedom, calculated from

the fol

lowing volume measurements (in microlitres):

The w
the bg
days §
mass,
within
the sq

Finally

S

with a

Veff = 7 7 =18,4
(\/2,15x1o*15) [\/3,12x10716)
+
14 53

C.3.5 ch
Type A uncertainty
Value| 111,84\
Standprd-uncertainty: 0.111 84 |

39,64 39,58 39,61
39,73 39,66 39,73
39,59 39,66 39,61
39,68 39,60 39,68
39,64 39,64 39,68

eighings made using the balance are also subject to uncertainty. The‘repeatability and ref
lance was therefore evaluated by performing triplicate weighings of-a certified 10 g mass ¢
spread over a period of 1 month. The reading of the balance was-always within the certifig|
An analysis of the variance did not reveal any significant-difference between the bety

uare root of 3,12 x 10-16 |2 with 53 degrees of freedom.

, the standard uncertainty for the volume of the syringe is given by

[V (xg)] :\/2,15><10_15 +3,12x10710 = 4,97x1078 |
number of degrees of freedom given by

(4,97 x1078)4

roducibility of
n 18 different
d value of the
veen-day and

day variations, so all weighings were used to estimate the standard uncertainty of the balance, which is

Degre

es of freedom: 2

The total volume was determined by filling the whole system with water. Three repetitions gave an average of
111,84 | with a standard uncertainty of 0,1 %. As the vessel was made of 4-mm-thick borosilicate glass, it was

not ex

pected to increase in volume at internal pressures up to 1,7 x 10° Pa.

© 1SO 2003 — Al rights reserved
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Type B uncertainty

Value: 1 013 x 102 Pa (1 013 mbar)

Expanded uncertainty: 2,32 x 102 Pa (2,32 mbar)

Coverage factor: 2

SO, was injected at room pressure, which was measured with a barometer. The barometer manufacturer

gave upper a

d lower limits of (1 013+ 0 9"3) x 102 Pa Accnming a rpr‘fnngulnr distribution of the Inmk

ability

that the pres
uncertainty is

u(pq)1=

The pressurg
chamber and
between with
investigated.

those after 1§
rectangular di

u(pq)2 =

Finally, the st

Sure lies between 999,75 x 102 Pa and 1 000,25 x 102 Pa, the best estimate of the stz
given by

(0,25x102)2
~—— =14,4Pa

3
is influenced by the time interval between withdrawing the syringe. needle from the s
drawal of the syringe needle from the septum chamber and injection into the vesss
The results showed that there was little difference between\injections after 5 s interva

s intervals, although a transient over-pressure of 0 % to 0,2% cannot be ruled out. Assur
stribution, the best estimate of the standard uncertainty is‘given by

J

hndard uncertainty of p, is given by

(0,002 x1000 x102)?
3

=115Pa

u(pq) =+
C.3.7 py
Type B uncer
Value: 1 500
Expanded un
Coverage fac

The manufac

2,0883x102x10% +1,33x10% <116 Pa

ainty

102 Pa (1 500 mbar)
certainty: 1,78 102 Pa (1,78 mbar)
or: 2

urer of the pressure sensor gave an accuracy of + 0,04 % and a precision of + 0,025 %

ndard

eptum

injecting the SO, into the vessel. The SO, concentration obtainedywith different time infervals

| was
s and
ning a

of the

reading. For

a pressure of ’I,b><'|()5 Pa, therefore, the precision claimed by the manufacturer

was

0,375 x 102 Pa. However, one would think that a digital display should have a precision of at least one digit,
i.e. 1 x 102 Pa. Assuming a rectangular distribution, the best estimate of the standard uncertainty for Do is the

sum of

u(po)g =

and

20

2
(0,6x10?)
3

=35Pa

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=09ab3fba0a5030b513a710f31978b2ec

ISO 6144:2003(E)

(1><102)2

u(p2)2= =58 Pa

The final pressure p, of 1,5 x 105 Pa (1 500 mbar) was not measured exactly until room temperature was
reached. A vessel temperature 0,5 °C higher than room temperature has been observed to produce a
deviation of 1 x 102 Pa (1 mbar) in the final pressure po. Assuming a rectangular distribution, the best estimate
of the standard uncertainty is given by

(1><102)2

\ . 2o
P213_V 3 - v

D
I

d

Finally, the standard uncertainty for p, is given by

(p2) =352 +582+582 —89 Pa

I

C.4 Uncertainty budget

This i$ given in Table C.2.

Table C.2 — Uncertainty’budget

Quantity Value Standa'rd Degrees of Sens!ti_vity Unce_rtain:nty Index
uncertainty freedom coefficient | contribution

p(X) 0,999 40,8 x 106 o 239x 109 | 9,77 x 10712 0%
Mxg) 39,650 0 x 1076 | 49,7 x 1079 | 26 6,03x 103 | 300x10°12 | 37.2%
ch 111,840 | 0y1181 2 2,14 x 1079 239 x 1012 23,7 %
P 1,013 00 x 10° Pa 1,16 x 102 Pa 50 236 x 10712 | 274x10°12 | 30.8%
D2 1,500 000 x 105%Pa~’| 0,890 x 102 Pa 50 159 x 10712 | 142 x 1012 8,3 %
P(x) 239,4 %109 492 x 1012 26 — — —

Resu](:
Quantity: ¢(X)

Value| 239,4 x 10-9

Relative expanded uncertainty: 0,98 x 109

Coverage factor: 2,0
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Annex D
(informative)

Example of the determination of the stability, as a function of time,

D.1 Analyti

CO, NO/NO,
volumetric m
were then de
the vessel be

NOTE Fo
The following
for CO

for NO/N

— for 8O,

D.2 Resulf

D.2.1 Gene

The results a
Reference La

NOTE Thioughout the tables ~and figures, the concentration is by volume (1 ppb =1 x 1072 vol/vg
1 ppm = 1 x 10[ vol/vol) and the pressure is given in bars (1 bar = 10° Pa).
D.2.2 NO,/NO

The analyses

Volume d

of prepared calibration gas mixtures

and SO, calibration gas mixtures were prepared in a borosilicate glass vessel, using the
thod described in this International Standard. The concentrations of the calibration lcompc
rmined as the gas mixtures were passed to the analyser. It was possible to take'about 50
ore the pressure fell below that necessary to maintain the required flow-rate for.the analys
the CO calibration gas mixture, a smaller vessel and syringe were used than for the other gases.

methods of analysis were used:

non-dispersive infrared correlation spectroscopy;

D, chemiluminescence spectroscopy;
UV fluorescence spectrometry.

S

ral

were cartied out under the following conditions:

f vessel: 111,490 |

static
nents
| from
br.

‘e shown in Tables D.1 to Ds3:and Figures D.1 to D.3 [with acknowledgements to the National
boratory of the Federal Environmental Agency (UBA, Germany)].

| and

Volume of syringe

Pressure

22

50 ul

in chamber 1,520 bar to 1,007 bar

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=09ab3fba0a5030b513a710f31978b2ec

Table D.1 — Stability of NO,/NO concentration during calibration

Time NO, concn. NO concn. Pressure
min ppb ppb bar
0 0 0 1,520
6 298 285 1,453
8 296 286 1,418
10 296 287 1,395
12 296 286 1,371
16 297 287 1,319
18 297 288 1,283
20 296 287 1,263
24 296 287 1,24
26 297 287 1192
28 298 287 1,166
32 296 288 1,115
34 297 287 1,089
36 297 287 1,064
38 297 286 1,041
40 297 287 1,022
42 297 286 1,009
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