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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is g
rights. ISO s

ISO 16664 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting:{Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 158, Analysis Of gases.
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Introduction

This International Standard uses the terms “calibration gas” for both gas mixtures and pure gases as the
limiting case of gas mixtures.

The quality of calibration gases in cylinders as certified by producers is defined by

a) e correct analyte content;

b) known uncertainty which is appropriate for its intended use;

c) e stability;

d) e homogeneity.

During its utilization period, the quality of calibration gases is influenced by,
— gtorage conditions at the manufacturer's and user’s sites;

— transport conditions;

— :[:odes of calibration gas withdrawal and transfer;

e transfer system employed.

© 1SO 2004 - All rights reserved \
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INTERNATIONAL STANDARD

ISO 16664:2004(E)

Gas analysis — Handling of calibration gases and gas
mixtures — Guidelines

SAFETY PRECAUTIONS — National and International safety regulations concerning storage, use and
trangportation of pure gases and gas mixtures are to be followed in addition to this International

Stan

1 3

This

homageneous gas mixtures used for calibration purposes. This International’'Standard only applie
gas mixtures that are within the “utilization period”, and it pays special attention to

— gtorage of calibration gas cylinders;
— ¢alibration gas withdrawal from cylinders;
— ftransfer of calibration gas from cylinders to the point.of@alibration.

It aldo outlines a method of assessing the stabilify* for a gas mixture, and takes into accq
composition uncertainty given on the certificate and the users measurement uncertainty.

2

For the purposes of this document,_the following terms and definitions apply.

21

calibration gas

pure
2.2

gas
calib

[ISO

23

Terms and definitions

calib:Ftion gas mixture

dard.

Bcope

International Standard describes factors that may influence the composition of pure

gas or gas mixture used for calibration

ixture of sufficient stability and homogeneity whose composition is properly established f
ation of.@a’measuring instrument or for the validation of a measurement or gas analytical met

gases and
S to gases or

unt the gas

Dbr use in the
hod

7504:2001]

component
chemical substance present in, or a material used in the preparation of, a gas mixture

NOTE 1 In practice, the term component is used variously to mean either:

a) adistinct pure chemical substance; or

b) a material such as:

— a pure substance mixed with small amounts of inadvertent impurities,

© IS0

2004 — All rights reserved
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NOTE 2

a well defined mixture, such as air,

a less well defined mixture, such as natural gas.

In circumstances where it is required to distinguish unambiguously between the individual distinct chemical

substances present in a gas mixture and the materials used in gas mixture preparation, then the chemical substances
shall be referred to as “constituents”. When a constituent is or has been the subject of quantitative analysis, it may be
referred to as an “analyte”.

NOTE 3
impurities, are

sometimes called “parent gases”.

In the preparation of gas mixtures, materials such as gases, vapours and gas mixtures, including their

[1SO 7504:2(

2.4

homogeneity

state of a ga
by the gas m

NOTE
respect to con

[1SO 7504:2(

25
impurity
component g

NOTE 1
production.

I

NOTE 2

NOTE3 |If
interest, such
containing sor

NOTE4  Th

01]

5 mixture wherein all of its components are distributed uniformly throughout the-Volume occ
ixture

Unless any other indication is given, it is normally to be assumed that the gas mixture is homogeneou

position and properties at all points in the gas mixture.

01]

resent, but not wanted, in a gas mixture

purities found in a gas mixture originate from the ,parent gases or are introduced during or af

An impurity affecting the intended use of a gas mixture is called a “critical impurity”.

the fraction of a gas mixture component.is close to unity, and if the other components are of no s
a gas mixture is considered, in general, as a “pure gas” consisting of that predominant comg
e impurities.

e “purity” of a “pure gas” is gquantified usually by the difference between unity and the sum of the fracti

all specified inppurities.

[adapted fror

2.6
leak rate
volume of flu

2.7

n ISO 7504:2001]

d leaking\from the system per unit of time due to incomplete sealing of materials

leak tightnegs

conformity to

2.8

Lipied

5 with

er its

pecial
onent

bns of

a specified leak rate

response time
time interval between the instant when a stimulus is subjected to a specified abrupt change and the instant

when the res

[VIM]

ponse reaches and remains within specified limits around its final steady value

© ISO 2004 — All rights reserved
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lity

attribute of a gas mixture, stored or used under specified conditions, to maintain its composition within
specified uncertainty limits for a specified period of time (maximum storage life) and over a specified range of
pressure and of temperature

NOTE It is appropriate to specify the uncertainty limits for each component of interest.

[ISO 7504:2001]

210

maxi

periofd after which the stored gas mixture shall not be used

NOTH 1 This period is usually identified as that for which the producer assures that the gas mixture
comppsition within the specified limits when it is stored in accordance with requirements based upon n

press
NOTEH
[1ISO

2.1

trangfer system

gas-q
instry

212

uncefrtainty

(mea
the v

NOTH
interv

NOTH

Lire, minimum utilization pressure, and minimum and maximum applicable temperature.
2 The end of this period may be indicated by an “expiry date”.

7504:2001]

onducting system which begins at the cylinder valve and-ends at the gas sample inlet to t
ment and includes all structural elements

surement) parameter, associated with the result of a measurement, that characterizes the
blues that could reasonably be attributed to-the measurand

1 The parameter may be, for examplg,*a standard deviation or a given multiple of it, or the h
bl having a stated level of confidence.

2 Uncertainty of measurement.'comprises, in general, many components. Some of these compg

maintains its
aximum filling

€ measuring

dispersion of

pIf-width of an

nents may be

evalupted from the statistical distfibution of the results of series of measurements and can be chéaracterized by

experjmental standard deviations, The other components, which also can be characterized by standard
evalugted from assumed probability distributions based on experience or other information.

NOTH 3 It is understood, that the result of a measurement is the best estimate of the value of a measura
comppnents of uncertainty, including those arising from systematic effects, such as components a
corregtions and refetence standards, contribute to the dispersion.

[GUM; ISO 7504:2001]

213

utilization-period

leviations, are

hd, and that all
bsociated with

time between the date of certification and the expiry date

214

permeability
property of a material of transmitting gases and liquids by passage through one surface and out at another
surface by diffusion and sorption processes

NOTE Not to be confused with porosity.

[1SO 472:1999]
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3 Transport and storage

3.1  General remarks

After preparation of the calibration gas, the gas cylinder will be transported to the user. The environment in
which the cylinders are transported is not normally regulated in terms of temperature and humidity. Low
temperatures may have a detrimental impact on the mixture composition, especially when condensable
components are present in the mixture. As a consequence of this, environmental conditions during transport
and storage should never exceed those recommended by the manufacturer.

Gas cylinders and especially cylinder valves shall be free of grease and other lubricants. During storage and

transportatio
attached.

The gas cyli
cases, the te

3.2 Lowt

The gas cyli
containing ¢
temperatures
below the sta

n, cylinder valves shall be closed, sealing nuts shall be tightened and protection caps sh

hders are transported in several ways, e.g. by air, railway, road and on water. In\seme sp
mperature restrictions may be such that not every means of transport is acceptable.

emperature
nder may be exposed to low temperatures during storage and trarisportation. For gas mix

below those recommended by the manufacturer. If the mixtlire is exposed to temperzs
ted range, some components may condense and this will chahge the composition of the mix

If the mixtur¢ has been exposed to temperatures lower than those‘teécommended by the manufacture

certificate fra
be used befd
usage.

3.3 Highf

Avoid high tg
intensive he
situations. In

3.4 Watel

Gas cylinder|

m the manufacturer is no longer valid. In this case, itds very important that the mixture shg
re the manufacturer is asked for further advice. He'thay advise homogenizing the mixture b

emperature
mperatures (heating) close to the cylinder, e.g. from welding flames, blowlamps, ovens or

ht sources. High temperatures will-result in higher pressures leading to potentially haza
addition, elevated temperatures may result in decomposition of thermally unstable species.

5 shall be protected. from excessive humidity during transport. Transportation by boat may

in the cylinder being sprayed-with water; this and/or excessive humidity may cause corrosion of the cy|

valve. Alway
protected by

5 protect the €ylinder from precipitation to prevent corrosion. If the cylinders are stored out

it above the ground.

3.5 Stora

ge-and handling

il be

ecific

tures

ondensable components, it is important that the cylinder is net stored or transport¢d at

tures
ture.

r, the
Il not
efore

other
dous

result
inder
joors

a roof, the ¢ylinder base should also be protected from water accumulating on the floor by raising

The best way to store calibration gas mixtures for a longer period is by laying the cylinders in a horizontal
position, well protected against rolling and falling. For safety reasons, it is necessary to separate cylinders
containing flammable gases from cylinders containing oxidizing components.

WARNING — For general safety reasons, never heat cylinders above 45° C.

Mixtures containing condensable components may require rehomogenization if stored for longer periods of
time and if exposure to temperatures below the condensation point cannot be excluded. This may be done by
bringing up the cylinders to ambient temperature and rotating them into a horizontal position for an appropriate
period of time, which may depend on the matrix gas and the components (see 4.2).

NOTE After rehomogenization, it is necessary to contact the manufacturer in order to verify the validity of the
calibration gas.

© ISO 2004 — All rights reserved
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4 Mode of withdrawal

41 General

In the withdrawal of the gas from the cylinder through the transfer system, a number of aspects shall be
considered.

4.2 Minimum utilization pressure

The information attached to the cylinder indicates, if applicable, a pressure value below which the gas should
not he—used—t-hasbeen—+reportedthatinsome—cases—under—a—ecerainpressure—gas—melesdles that were
attached to the cylinder wall come off this cylinder wall when the cylinder pressure drops, resultirjg in a higher
mole|fraction.

NOTH In addition to this effect on the stability of the gas mixture, it is important from_the point pf view of the
manufacturer that a cylinder is not completely emptied, as the cylinder could then be contaminated with environmental air.
This gspecially applies to specially treated cylinders where stability is an issue.

4.3 | Temperature

Gas mixtures containing condensable components are often limited’ to-a certain temperature fange by the
manyfacturer. In calculating such a mixture, the manufacturer will @ssume a certain temperaturg of usage to
calculate the vapour pressure at that specific temperature. Normally a safety tolerance is includeq to allow use

of thé mixture within a certain temperature range; however outside this range the condensabl

may
recof
gas 1
Gay-

4.4

Norn
(neeq
withd

Thonjson cooling and/or heating will change the temperature of the transported gas itself. Aga

with
effec
contr

hmended to allow all cylinders to reach temperature.€quilibrium. Differences in temperatu
hixtures will influence the response of the gas analyser to these mixtures, according to the g
_ussac).

Pressure reduction and flow

ally, the withdrawal of gas from a“¢ylinder is regulated by a pressure reducer and/or fl
le valve, mass-flow controller, capillary, etc.). Due to the reversible adiabatic expansion of {
rawing the gas from the cylinder, cooling of the gas in the cylinder will occur. Furthe

Imixtures containing condensable components, condensation might occur due to these
s. It is important that the pressure drop across flow controllers is minimized. Flow characte
bllers are normally. specified by the manufacturer and give sufficient information to judge

component

condensate, resulting in a change of gas mixture “Composition. In analysing gas mfixtures, it is

of different
s law (Boyle,

bw controller
he gas when
rmore, Joule
n, especially
temperature
ristics of flow
whether the

requgsted flow can be‘controlled by the chosen flow controllers. In calculating the pressure drop, tube sizing

(insid

Extennal heating)of the gas at or before the reducer and using more than one reducer to drop th

stage

4.5

e diameter and\ength) shall also be considered.

s couldthelp to minimize the danger of condensation.

P pressure in

Replacement, change of cylinder positions

Re-connecting cylinders always has the danger of creating a leaking connection, which shall be avoided for
several reasons. In an optimum set-up, the reducer should remain on the cylinder and the cylinder is
preferably left with some gas inside. This will help to reduce the number of purge cycles to flush the reducer
prior to analysis. Even in this optimum set-up, some environmental air diffusion into the reducer over time may
occur, even if this is pressurized.

NOTE In the long run, there will usually be some diffusion from O, and H,O from the environment into the reducing
valve, even if this is pressurized.

© 1SO 2004 - All rights reserved
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5 Transfer system

5.1 Purging procedure

The transfer-line integrity, including the leak tightness and cleanliness of all the components (pressure
regulator, valves, transfer line, connections, etc.), shall be guaranteed. In order to guarantee this, an
appropriate purging procedure shall be used. There are several simple methods that may be used to purge
the transfer system; the most effective method uses a vacuum pump. In any case, it is important to open the
cylinder valve only partially and only for a very short time (i.e. 0,5 s), both for safety reasons and in order to
avoid back contamination.

If a vacuum pump is available, then the purging procedure should be as follows (see also Figure 1).

Sequentially [evacuate and pressurize the entire transfer line with the gas mixture to be used. This‘procg¢dure
should be repeated several times, typically, three cycles are sufficient. Make sure that pressure yegulatols are
suited for evacuation and that the purging cycle starts with evacuation.

2
1
>A% Loog 5

Key

-

evacuablp pressure regulator
dose valye
shut-off vialve

transfer line

three-way valve

excess-flpw line with flow indicator (applicable only for extractive monitors)

gas mixtyre

vacuum pump

© 00 N O g b~ W N

motor with sample pump

Figure 1 — Arrangement for a periodic purging procedure for monitor systems
If a vacuum pump is not available, the following procedure is recommended.

Sequentially pressurize and vent the transfer system with the gas mixture to be used. This method is not as
effective as the vacuum method, hence more cycles, typically five to eight, are required. The number of cycles
depends on the concentration of the measurand; low-concentration mixtures require more steps. However,
this method is prone to back contamination and should not be used for oxygen-sensitive mixtures; for these
mixtures, the evacuation method is strongly recommended.

6 © ISO 2004 — All rights reserved
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For both methods, the insertion of a stop valve after the pressure regulator is recommended for safety
reasons.

5.2

5.2.

Considerations when designing and constructing gas transfer lines

1 Modes of gas sampling

The design of the gas transfer line is dependent on the sample introduction method used by the analyser.

Typ

a)

b)

5.2.2

Itisi

Ing

use

Read
partig
henc

of reg
some

equifd

NOTH

5.2.3

ically there are two methods of sample introduction.

o the point of analysis. The sample pump may be located upstream of the analyser and inf
gas is forced into the analyser. Conversely, the sample pump may also be located downs
analyser and in this mode the gas is forced through the analyser. In both cases, the transfer|
include an excess-flow line to prevent over-pressurising the analyser and sample.pump. Thg
lIne shall be located at the end of the transfer line and before the analyserginya “T” ori
Figure 1). The length of the excess-flow line shall be sufficient to prevent ambient air from t
being pumped into the analyser when valve switching occurs during pormal instrument
ypical length for an excess-flow line is approximately 1 m). It is also pertinent to use a flow
he output of the excess-flow line to indicate that excess flow is occurfing. Calibrations a
performed using extractive analysers without excess flow through thig)line, are invalid.

INon-extractive analysers rely on pressure from gas cylinderstoscause the gas to flow throug
llne and analyser, and hence do not require an excess-flow‘line. However, many analyse
optical instruments, are sensitive to gas pressure and<gas flow; it is therefore important {
gample and calibration gases are introduced into the apalyser under identical conditions.

Pressure- and flow-reducing equipment

portant to use the most appropriate pressure- and flow-reduction equipment for a particula
eral terms, this means the equipment needs to be fit for a purpose. The equipment shou

|
the iEquired pressure and flow and should.be constructed of the most appropriate material for the
many

cases, the integrity of high quality)and expensive calibration gas has been compromiseq
gf poor quality or inappropriate préssure- and flow-reduction equipment.

tive gases, for example, require extensive purging of the “wetted” areas of the transfer
ular, the pressure regulator. The use of “low-volume” regulators reduces the wetted surfz
b reduces the level of purging required. For non-reactive gases, such as CO, and inert gase

ulators may be used; however care shall be taken with respect to material compatibility. Ta
details covering)gas/material compatibilities when considering selection of pressure- and
ment. As thisChart is rather general, it is advised to further check the suitability of the transf

Additional information on material compatibility is found in References [5] to [9].

ampling point

his mode the
tream of the
system shall
excess-flow
pntation (see
ne laboratory
operation (a
indicator on
nd analyses,

h the transfer
s, especially
b ensure the

requirement.
d regulate to
gas used. In
through the

line and, in
ce area and
5, most types

ble 1 outlines

flow-reducing

br system.

Material for the construction of transfer lines

As mentioned in 5.2.2, the choice of material for the construction of pressure-reducing equipment is extremely
important, especially when considering the measurement of more reactive gases. In addition to this, the
choice of transfer-line material is also important. Table 1 outlines the most commonly used gases and their
level of compatibility with a range of materials.

When using polymeric transfer lines, it is also important to consider their permeability by certain gases and
water vapour. For example, PTFE is very inert and suitable for a large range of gases; however, the
permeability of this material makes it unsuitable for use with water-soluble gases, as water vapour can easily
permeate into the transfer line.

It is also strongly recommended not to use polymeric or rubber-based material of unknown origin in the
construction of transfer lines.

© 1SO 2004 - All rights reserved
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5.2.4 General methods and examples of sampling systems

For continuous gas analysers, two flow charts are presented giving examples of procedures to test the
integrity of the sampling system.

The first flow chart (given in Figure 2) explains a simple procedure to check the selected transfer system

through the repeatability of the analyser readings.

Start of monitor test procedure

n =1
17 T

Starts 9

ample flow at flowrate suggested

in operating manual; flow for a period of

n x5 x tyy

Flush with zero gas
n x5 xty,

Note instrument response

n=n +1

[ransfer system is suitable

No

Signifiant

Figure 2

The second flow chart (Figure’3) explains a procedure to test the transfer system for memory effects.

In both proce

10

change in
response?

Transfer system needs improvement

— Flow chart of the test procedure for suitability of transfer system for continuous ggs
analysers

dures itis helpful to attach a chart recorder to the output signal.
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Flow zero gas (5 x tgg)

j =1

Record zero response

Flow sample gas No

/R x £
'::)U/

Allow zero gas again .
(5 % tg0) S =
Yes Signifiant
Transfer system needs improvement ? rise in zero

signal?

Transfer system is suitablg

& When the outcome of this test shows that the transfer system needs improvement, double the flow gnd/or heat the
transfer lines and repeat the procedure.

Figure 3 — Flowchart of the check on memory effects in the transfer systems

The {ypical response timg.tgq is normally specified in the operating manual and may be defined as the time
betwgen the introduction\of the gas and the time that 90 % of the concentration change is disglayed on the
monifor.

The judgement-whether a change in response is significant depends on the aimed accuracy; the change in
respanse should be greater than the specified zero and span drift.

The 1 |rd row chart (Flgure 4) presents an effective method to check the smtablllty of the transfer system for a

: . ygen is only
applicable W|th an oxygen sensmve detector [e.g. gas chromatograph/thermal conductlwty detector (GC/TCD),
gas chromatograph/discharge ionization detector (GC/DID) or gas chromatograph/mass spectrometer
(GC/MS)]. In this method, the sample flow is changed from target flow down to V4 of this flow.
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Start of monitor test procedure
(test gas should not contain oxygen)

Yes Raise temperature of
"
Remove] leak Oxygen present? sample line
No
Signifiant Yes
change of the n=n +1
response?
Yes
Transfer line is suitable Transfer line is not suitable
(clean or change line)
Figure 4 — Flow chart of the suitability test procedure for a transfer system for GCs with an oxygen-

sensitive detector
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somg
demg

ghut-off valve

vacuable pressure regulator

ose valve

ransfer line

hree-way valve

as sample inlet system
as mixture

acuum pump

as chromatograph

Figure 5 — Arrangement for a periodic’purging procedure with a GC

Stability

brevious clauses discuss all precautions to be taken by the user of the gas mixtures to en
ity of the gas mixture as supplied.by the manufacturer is not compromised during us

nstrated. A possible method to check the stability of calibration gases is given in Annex A (i

sure that the
e. However,

times-unexpected influences do( interfere and the continuing stability of the mixtur¢ should be

formative).
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