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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization~comj
alll national electrotechnical committees (IEC National Committees). The object of IEC(is to pr
infernational co-operation on all questions concerning standardization in the electrical and eleetronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical Specific
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in|the subject dealt with may participate in this preparatory work. Internatiopal}, governmental and
golvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates d
with the International Organization for Standardization (ISO) in accordancewith conditions determin|
agreement between the two organizations.

Thee formal decisions or agreements of IEC on technical matters express; as/hearly as possible, an intern
copsensus of opinion on the relevant subjects since each technicalkéommittee has representation fr
inferested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are miade to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsibl€_for the way in which they are used or fq
miginterpretation by any end user.

Inforder to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IELC itself does not provide any attestation.@fsconformity. Independent certification bodies provide conf
aspessment services and, in some areas;~access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

All users should ensure that they have-the latest edition of this publication.

Nq liability shall attach to IEC/ornts directors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of\the publication, use of, or reliance upon, this IEC Publication or any othq
Pyblications.

Atiention is drawnyto-the Normative references cited in this publication. Use of the referenced publicati
indispensable fofithe correct application of this publication.

Attention is/drawn to the possibility that some of the elements of this IEC Publication may be the sub
paftent rights*-IEC shall not be held responsible for identifying any or all such patent rights.

rising
omote
fis. To
tions,

“IEC
rested

non-
losely
ed by

tional
bm all

htional
bf IEC
r any

ations
gence
ted in

brmity

br any

s and
hge or
) and
r IEC

bns is

ect of

hges

made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61207-3 has been prepared by sub-committee 65B: Measurement
and control devices, of IEC technical committee 65: Industrial-process measurement, control
and automation.

This third edition cancels and replaces the second edition published in 2002. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) all references (normative and informative) have been updated, deleted or added to as

b)

a
a
W

c) a

d

bpropriate;

| the terms, descriptions and definitions relating to the document have been\upc
here appropriate;

| references to “errors” have been replaced by “uncertainties” and appropriate upc
efinitions applied.

The fext of this International Standard is based on the following documents:

Full i
ther

This
This

A list
Expri

The
stabi
the s

—

q

e W

—

q

o a

FDIS Report on voting
65B/1155/FDIS 65B/1157/RVID

nformation on the voting for the approval of this International Standard can be fou
eport on voting indicated in the above table.

document has been drafted in accordance with.the ISO/IEC Directives, Part 2.
nternational Standard is to be used in_eonhjunction with IEC 61207-1:2010.

of all parts in the IEC 61207 series, published under the general title Gas analyz
pssion of performance, can be found on the IEC website.

ated

ated

nd in

Prs —

tommittee has decided thaf the contents of this document will remain unchanged untjil the

ity date indicated on the JEC website under "http://webstore.iec.ch" in the data relat
pecific document. At this date, the document will be

confirmed,

ithdrawn,

placed by<@revised edition, or

mended:

ed to

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.



https://iecnorm.com/api/?name=2ca5925a0ce7338745ef01b666498ca8

-6- IEC 61207-3:2019 RLV © IEC

INTRODUCTION

2019

Paramagnetic oxygen analyzers respond to the partial pressure of oxygen in the measured
gas, and—net the volumetric concentration is then determined by knowledge of the total
pressure, as in many other gas analyzers. Due to this fact, many paramagnetic oxygen
analyzers use pressure compensation (see 4.4.4 and 4.4.5). They are used in a wide range of
industrial, laboratory, medical, and other applications where the rated measuring range of the
analyzer is between 0 % to 1 % and 0 % to 100 %, at reference pressure (usually near
atmospheric).

Only
nitro
susc
analy
indus
hydrg

Ther
of oX
years

en dioxide), and oxygen has—a—particularly—strong the strongest paramag
eptibility (see Annex A) among gases. By employing this particular property of.ox
zers have been designed that can be highly specific to the measurement in
trial and medical applications, where, for example, high background level
carbons or moisture may be present.

ygen by its paramagnetic property, but three main methods have evolved over
of commercial application.

The fhree methods are:

— th

Thes
versi
temp
systsg

Litomatic null balance;
ermomagnetic or magnetic wind;
fferential pressure or Quincke.

e methods all require the sample gas to be clean and-dry non-condensing, though
bns work at elevated temperatures so that samples that are likely to condense at a

m to condition the sample prior to.measurement.

and
netic
gen,
most
s of

b are several different techniques described for measuring-thepatamagnetic propgrties

many

pome
ower

erature can be analyzed. Because ofithis requirement, analyzers often require a sample
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GAS ANALYZERS -
EXPRESSION OF PERFORMANCE -

Part 3: Paramagnetic oxygen analyzers

1 Scope-and-objeet

This [part of IEC 61207 applies to the three main methods for measuring oxygen\H

para
units

NOTE]
systsg

This
e (¢
11

— g
S

(¢

agnetic property, which are outlined in the introduction. It considers essentiahang
and applies to analyzers installed indoors and outdoors.

Safety-critical applications can require-an additional-regquirement-of requirements
m and analyzer specifications not covered in this document.

document is intended

specify terminology and definitions related to the funetional performance of
agnetic gas analyzers for the measurement of oxygen inca'source gas;

unify methods used in making and verifying statements on the functional performan
ich analyzers;

bw such tests-should-be are carried out;

y its
illary

from

pbara-

ce of

specify what tests-should-be are performed to,determine the functional performancg and

— tq provide basic documents to support the application of internationally recognized qgyality
nlanagement standards-ef-gquality-assuranée (1SO-90014,1S0O-9002 and-1SO-9003).

2 Normative references

The following documents are referced to in the text in such a way that some or all of|their

contgnt constitutes requirements~of this document. For dated references, only the edition

cited|applies. For undated references, the latest edition of the referenced document (inclyiding

any gmendments) applies.

IEC 160654-1:1993 —Industrial-process—measurement—and—control—equipment Openating
I 5 ol . it

IEC #41115-1Q0D Evnrossion of nerformance of samnle handling svetems for nrdcess

Eo e Sennnelon of costormmnnos of coranlo Siotoas e

anahizers

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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NOTE Although cgs (centimetre-gram-second) units have been used in this document, S| (Systeme International)

unit

s (such as defined in IUPAC [1] 1) can also be used.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

3.1
magnetic susceptibility
meagwre—-X-of-thevariation-of-the—rtensity-ofa—magneticfleld—existingin-a—vasuum
the vacuum is substituted (filled) by the test substance, expressed as:

1_

y-H'-H

H
wherp
H is the magnetic field intensity in vacuum
H' is the magnetic field intensity in the test substance

Note 1 to entry: H' - H is also known as the magnetisation MV (magnetie{dipole per unit volume) and the

this

3.2

islalso the volume magnetic susceptibility.

paramagnetism

pro

3.3
dia
pro

peérty of substances causing an increase of thesmagnetic field intensity (X > 0)
magnetism
peérty of substances causing ., @* diminution of the magnetic field intg

(X < P because H' < H)

3.4

specfific magnetic susceptibility

rati

X
X -5
wherp
D i the~density of the considered substance, expressed in g-cm™3 at 273,15 K—{0°C)|
113 KPa{=1-bar)-

o |of magnetic susceptibility to the density derived as follows:

vhen

refore

nsity

Land,

Note 1 to entry: The measuring unit of X, is therefore cm?-g~'. This is also known as the mass magnetic
susceptibility.

3.5

molar magnetic susceptibility

Xm

specific magnetic susceptibility multiplied by the molecular-weight mass (M) of the substance
considered:

1

Numbers in square brackets refer to the bibliography
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wher

e

M is expressed in g per mole (g-mol~1) (for oxygen M = 32 31,998 8)

Note 1 to entry: The measuring unit of X is therefore cm3-mol™".

Note 42 to entry: Electrons determine the magnetic properties of matter in two ways:

— an electron can be considered as a small sphere of negative charge spinning on its axis. This spinning charge
produces a magnetic moment;

— an electron travelling in an orbit around a nucleus will also produce a magnetic moment.

It is the combination of the spin moment and the orbital moment that governs the resulting magnetic properties of

an ind

In par|
config
molec

Note 3
higher
the st
some

Note
tempe

For oX

where|
X i
L i
g
k i

Note §
analyz

3.6

auto
this{
contd

ip the temperature, expressed in K (kelvin)»

1010557

ividual atom or ion.

hmagnetic materials, the main contribution to the magnetic moment comes from unpaired electrons=It
uration of the orbital electrons and their spin orientations that establish the paramagnetism of)thé d
Lle and distinguish it from most other gases.

3 to entry: When paramagnetic gases are placed within an external magnetic field, the flux within the
than it would be in a vacuum, thus paramagnetic gases are attracted to the part of the magnetic fiel
ongest magnetic flux. On the contrary, diamagnetic substances contain magnetic dipoles which cand
ines of force from the external field; thus diamagnetic gases are subject to repulsign’by the magnetic fl

4 to entry: The molar magnetic susceptibility of oxygen is inversely proportional to the ab)
rature-Z. According to Van Vleck [2] the molar susceptibility of oxygen can @ie approximated by Equatio
2
8L-upg

ygen, X,
m 34T

5 the molar susceptibility of oxygen, expressed in cm3-mal™";
5 the Avogadro constant = 6,022 7 x 1023 mol™";
5 the Bohr magneton = 9,274 x 10724 A-m?2;

5 the Boltzmann constant = 1,38 x 10723 J-K3

on (4) can be written as follows:

x 1078 cm3-mol~" (only for oxygen).

ers a simple understanding of the physical property utilized.

matic_.nul balance analyzer
rpefofyanalyzer that uses, as a general principle of operation, the displacement of a
ining a vacuum or a diamagnetic gas, from a region of high magnetic fiel

is the
xygen

gas is
d with
el out
LiX.

solute

(4).

(4)

to entry: A full understanding of paramagnetism and diamagnetism can be obtained from physids and
inorganic chemistry textbeoks. The explanation in this document is to give the user of paramagnetic 9

xygen

body
d by

parar

Note 1

H ! !
IldgllUtlb UAYUTIT TITUICLUITS

to entry: See Figure 1.
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Measuring cell

Light source

2019

Note 2
suspe
strong
dumb-
bell b
levers|
magnd
achie
magng
senso
tempe
the trg
conde
measy
three-
Due t

gyros

3.7
thern

3.71

magnpetic wind analyzet
is—{type—of analyzer<utilizes that uses the temperature dependence of the magnetic

this—|
susc
flow

Note 1

Note 2

2 é
Feedback /Q Test body
restoring é deflection
current é detected by

<\> %0, photocells

&&Photocells
<
L]
Amplifier
IEC

Figure 1 — Magnetic auto-balance system with current-feedback

to entry: The measuring cell typically employs a glass dumb-bell, withsthe spheres containing nit
hded on a torsion strip between magnetic pole pieces or magnets that-cerecentrate—theflux produce

magnetic field gradient around the dumb-bell. i i ic-ci
bell is then deflected when oxygen molecules enter the measuring cell, a force being exerted on the

the oxygen molecules which are attracted to the strongest part-of. the magnetic field. By use of an

a-feed-baeck magnetic actuation coil, and suitable electronigs, to"generate a feedback signal that nu
tic susceptibility force, an output that is directly proportional to the partial pressure of oxygen c
ed. The transducer—is—usually can be maintained at a/Constant temperature to prevent the variati
tic susceptibility-with to temperature from introducing-esrors uncertainties. Alternatively, built-in tempg
s may be used to provide temperature compensatiof'of the oxygen reading. Additionally, the elg
rature helps in applications where the sample is not\particularly dry. Some analyzers are designed §
nsducer operates at a temperature in excess 0of'373,15 K (100 °C) to further facilitate applications
hsates would form at a lower temperature. P@ramagnetic sensor orientation may also affect the g
rement uncertainty and this may be correacted by using a compensation algorithm using, for exam
Himensional accelerometer to determine. thge“sensor orientation relative to its orientation during calib
b the mechanical nature of this type .df“device, there is some inherent susceptibility to vibration
opic motion, potentially resulting in inereased measurement uncertainty.

homagnetic-(magnetie=wind} analyzer

pptibility to generate a magnetically induced gas flow which can then be measured
Eensor

to eptfy™™ The sample gas passes into a chamber designed in such a way that the inlet splits the flow.

ogen,
h very
- The
Humb-
ptical
Is the
an be
bns in
rature
vated
o that
where
xygen
ple, a
ation.
| and

by a

toentry: See Figure 2.
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Sample outlet

Magnetic field et Thermal resistance
area —_| | _— bridge

Electromotive
N -o force @ --meemenenead

(EMF) IEC

Figure 2 — Thermomagnetic oxygen sensor

Note § to,entfy: The two flows recombine at the outlet. A connecting tube is placed centrally with the flow g§ensor
wound on_it. Half of the connecting tube is placed between the poles of a strong magnet. The flow sensor is
effectil lnl\: two-colls—of wira hagated to-about ’ll—'.’l 15 K IQ{\ "f‘\ hy poceann of acurrent—The coldo \lnnn molécules
are dlverted by the magnetic field into the central tube and as they heat up, their magnetic suscept|b|l|ty is
reduced and more cold oxygen molecules enter the connecting tube. A flow of oxygen is generated in this way
through the transversal connecting tube, with the effect of cooling the first coil (which is placed in the magnetic
field area), while the temperature of the second coil is not essentially influenced by this transversal flow. Since the
two coils are wound with thermosensitive wire (for example, platinum wire) and connected together to build a
Wheatstone bridge, the resulting unbalance current is a nearly proportional function of the oxygen partial pressure
in the test gas.

More recent analyzers use more refined measuring cells, toroidal shaped resistors instead of the two-coil flow
sensor, and employ temperature control to minimize ambient temperature changes.

As this method relies on heat transfer, the thermal conductivity of background gases will affect the oxygen reading
and the composition of the background has to be known. Some analyzers can give a first-order correction for this
by utilizing further compensation devices.

Thermomagnetic analyzers do not produce a strictly linear output and additional signal processing is required to
linearize the output.
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3.8
differential- pressure{ Quincke)} analyzer

3.8.1

differential pressure analyzer

this—type—of analyzer-utilizes that uses a pneumatic balance system established by using a
flowing reference gas (such as nitrogen or air)

Note 1 to entry: The measuring cell is designed so that at the reference gas inlet the flow is divided into two
paths. These flows recombine at the reference gas outlet, where the sample is also introduced. A differential
pressure sensor (or microflow sensor) is positioned across the two reference gas flows so that any imbalance is
detected. A magnet is situated in the vicinity of the reference gas outlet in one arm of the measuring cell so that
oxygep in the enmlnlp is attracted into the arm thereby causing a small back pressure which is detected by the

pressuyre sensor (see Figure 3).

Paramagnetic
gas molecules
build up in this
area causing
pressure build-up Permanent

or electro-magnet

(pulsed)

Sample gas
g .
inlet

Gas flow

equalizer EE3 ‘ﬂ—’ \\

Differential pressure
or flow sensor

Reference gas inlet IEC

Figure 3 — Differential pressure oxygen sensor

Note 2 to entry: Differential pressure analyzers are independent of thermal conductivity of background gases, and
as only the reference gas comes in contact with the sensor, corrosion problems are minimal. Some instruments use
pulsed magnetic fields to improve tilt sensitivity, and certain designs compensate for vibration effects.

3.9

area in which an explosive gas atmosphere is present, or may be expected to be present, in
quantities such as to require special precautions for the construction, installation and use of
devices
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3.10

essential ancillary unit

essentialanecillary—units—are—thoese unit without which the analyzer will not operate within

specifications

EXAM

3.1

PLE: Calibration systems, reference gas systems, sample systems.

sample systems

hous

Mple—system—is—a system of component parts assembled on a panel or in an anallyzer

e with the purpose of transporting the sample gas from the sampling point to the\ang

and presenting the sample in such a manner that reliable measurements can be obtained

Note

- p
- fl
- fl
il

|
—

- P
- v

- C4

—  hd
- d

- S

Note 2
syster]
user g
rated

proce
affect

to entry: The components used can include
essure regulators;

w meters;

w controllers;
tration units;

mps;

Ives (manual and/or electrically operated);

tch or knockout pots;

olers;

aters;
ying units;

rubbing units.

to entry: See Figure 4 and Figure 5 for examples of typical sampling systems. For full details of §
h requirements, see |[EC 61115 [3]. These'omponents will usually be designed as a sample system
r, more often, by a manufacturer, so thatthe analyzer requirements defined in the specification are with
pperating range. The required system)design is therefore very dependent on the sample conditions

s. Variations in sample pressure,(temperature, dust loading, and pressure of other gases and vapou
the final sample system design.

lyzer

lample
by the
in the
of the
rs will
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Oxygen analyzer

In Out

> Vent

by-pass
flowmeter

IEC 61207-3:2019 RLV © IEC 2019

Sample inlet (absolute)
pressure 50 kPa to 120 kPa

Coalescing
filter

Pump

(=

Valve

Sample
flowmeter

blibration gases

Sample outlet
Maximum flow 2,5 I/min
Dewpoint 278,15 K (5 °C)

Autodrain

Figure 4 — Typical sampling systems —
Filtered and dried system with:pump for wet samples

Electric cooler

Condensate drain
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Calibration gas in
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Water-wash
: separator
Water(in
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Figure 5 — Typicallsampling system — Steam-aspirated system
with water wash for wet samples

3.12
sample dew point
dew point of a sample expressed in K and is the temperature at or below which condensjation
occufs

Note 1 to eniryx~~The analyzer should be operated at a minimum of 5 K above the sample dew point to pfevent
formafion of-cendensate.

Note 3 toventry: The presence of condensation at the inlet of an analyzer will usually cause malfufction.
Condensate may form from water vapour or other vapours depending on the nature of the sample.

3.13
reference gas

the-Quincke-analyzerrequires—areference gas of known constant composition

Note 1 to entry: Pure nitrogen is usually employed. The reference gas can have an oxygen content, for example
air. This has the effect of giving a suppressed zero and is useful when measuring high oxygen concentrations as it
reduces the influence of barometric pressure.
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4 Procedures for specification

4.1 General
The procedures are detailed in IEC 61207-1. This covers:

— operation and storage requirements;
— specification of ranges of measurement and output signals;
— limits of-errers uncertainties;

— recommended reference values and rated ranges of influence quantities (see IEC 60654-1).

In th|s part of IEC 61207, requirements for essential ancillary units and services are-given.
Addifional characteristics for specification of performance and important aspeéecfs of
perfgrmance relevant to paramagnetic analyzers are detailed.

4.2 | Specification of essential ancillary units and services
4.2.1 Sampling system

The gampling system-must shall be specified to supply the sample ‘within the rated range of
influgnce quantities of the analyzer.

NOTEl+ Simple elements of the sampling system may belincluded in the analyzer. Sagmple
flow |meters, sample flow regulation, bypass flow meteérs; bypass flow regulations, sample
filterg are often part of the analyzer.

NoTEl2  If certain system elements are includedin the analyzer the rated range of influence
quantities will be less severe compared to an analyzer without any sampling system.

The $ampling system will add a delay in addition to the response time of the analyzer. H¢nce,
the sample system response time should’be specified.

The [chemical composition of the Ssample stream—must shall be considered in the system
specification. Special precautions’ need to be taken for flammable samples, toxic samplgés or
corrgsive samples.

Som¢ materials are permeable to oxygen (for example, silicones) and-should-be-avoidef the
meagurement unceftaihties that may be introduced by them should be considered| and
avoided if necessary. For systems measuring very high concentrations of oxygen| the
sampling system.-components should be clean for oxygen service to prevent any dangegrous
reactions with flammable contaminants.

4.2.2 Services

4.2.2.1 General

Paramagnetic oxygen analyzers will require facilities for calibration after installation. Bottled
calibration gases and pressure regulation facilities are generally required. Quincke analyzers
will additionally require facilities for supplying the reference gas.

NOTE Nitrogen is usually employed for zero calibration. The span gas will usually be a known concentration of
oxygen in nitrogen typically about 80 % of the measuring range. Air contains between 20,64 % and 20,95 % O, by
volume due to varying humidity. Dry air or instrument air at 20,95 % O, can therefore be used for span calibrations.
If the oxygen level of the sample gas is high, then 100 % O, is usually used as the span gas.

4.2.2.2 Rated range of calibration and reference gas pressure

Calibration and reference gas pressure shall be within the rated range of sample pressure for
the analyzer, to prevent possible damage to the paramagnetic sensor.
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4.2.2.3 Rated range of calibration and reference gas flow

Calibration and reference gas flow shall be within the rated range of sample flow for the
analyzer. For minimum-errors uncertainties, the calibration gas flow should be set the same
as the sample flow. Excessively high calibration and reference gas flows can damage the
paramagnetic sensor, particularly from a large pressure impulse, which may occur if the flow
outlet becomes blocked and then quickly released.

4.3 Additional characteristics related to specification of performance

4.31 The following additional characteristics to those detailed in IEC 61207-1 may be
reqUI Gd tU bU OpGUIfIUd tU de;IIU thU FUIfUIIIIGIIUU Uf [=] palalllayllct;u GIIG:_yLUI U1 ItO ou;t blllty
for a|particular application. Depending on the analyzer design details or application, some of
these additional terms may be omitted.

4.3.2 Hazardous classification of the area in which the analyzer is to be located. Geperal
purpdse analyzers will not be suitable for location in hazardous areas.

4.3.3 Flammable gases or vapours should only be sampled byyanalyzers which are
specffied as suitable and should be vented from the analyzer in a safeimanner.

4.3.4 If the sample gas is toxic, this should be specified,.as special maintenanceg ins-
tructions may be required to ensure leak-free operation. Installation of the analyzer-must|shall
also fake into account how the sample gas is vented, returned to process, or otherwise |dealt
with.

4.3.5 The-attitude orientation of the analyzer should be considered. In fixed installafions,
analyzers should be—lecated positioned in an<upright—attitude manner so that any—grrors
unceftainties due to tilt are minimized. For&@meving installations that move (for example,
shipq), the rated range of tilt should be specified.

4.3.6 The vibration sensitivity of the'analyzer should be considered. For applications where
the Jibration levels are outside the(rated range of the analyzer, anti-vibration mountings are
recommended.

4.3.7 The response time“of the analyzer and its sampling system should be considgred.
The Jresponse time speecified for the analyzer will usually be considerably less than the
sampling system, butsydependent on the sampling system design.

NOTE| Some paramagneétic analyzers are designed with adjustable sample flow and bypass flow sample sysfems.
4.4 | Important aspects related to specification of performance

441 Géneral

Although covered In IEC 61207-T, the iollowing aspects are partcularly relevant to
paramagnetic analyzers.

4.4.2 Rated range of ambient temperature

The performance of an analyzer is normally ambient temperature-dependent and will have a
defined operating range of temperatures within which it will operate within its specification.

4.4.3 Rated range of sample gas temperature

NoTE The magnetic susceptibility of oxygen is temperature-dependent, and large—errors
uncertainties in the measurement value occur unless the analyzer is designed to compensate
for the temperature of the sensor. In practice, the temperature of the paramagnetic sensor will
depend on ambient temperature and gas temperature. Process paramagnetic oxygen
analyzers usually employ temperature-controlled sensors (in addition to temperature
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compensation) to minimize effects of sample temperature changes and ambient temperature
changes. Simple analyzers may not have temperature-controlled sensors, in which case
calibration should precede measurements so that ambient temperature effects and sample
temperature effects are taken into account.

4.4.4 Rated range of ambient pressure

NOTE Measurement values are dependent on sample pressure. If the analyzer is vented to
atmosphere, so that the sample within the sensor is at ambient pressure, changes in
barometric reading will cause-errors uncertainties in the measured value. For analyzers where
the measured value is directly proportional to the sample pressure (automatic null balance

analyzer),=eroF arceTtaimty carm oceur i O readings (% 05 );
P - P
AO, = ™ C x 0 (5)
B
wherp
O, |is the oxygen reading at time of measurement in % O,;
P, |is the absolute ambient pressure at time of measurement in kPa;
P. |is the absolute ambient pressure at time of calibration in,KPa.

Barometric pressure compensation is usually offered by manufacturers to minimize this|type
of-erfor uncertainty.

4.4.5 Rated range of sample pressure

If thel sample is returned to the process stream_(assuming process pressure is within the rated
range¢ of sample pressure), variations .jm\process pressure will cause similar—grrors
unceftainties to those described in 4.4.4.

Sample pressure compensation is usually offered by manufacturers of process analyzefs so
that tfhis type of-errer uncertainty is\minimized.

4.4.6 Rated range of sample flow

Errefs Uncertainties in<indicated value due to sample flow can be minimized by setting the
calibration flow rates.to)the expected sample flow rates.

4.4.7 Rated.-range of sample dew point

Samples-mist’shall be supplied within the rated range of the sample dew point to increase
perfdrmance reliability. Also, differences in indicated value will occur if the measuremegnt is
madeg ona wet basis compared to a dry basis.

NOTE 1 If the rated range of sample dew point for an analyzer is low, then the sampling system-may can have to
remove water vapour from the sample. If, for example, 10 % water vapour were removed by the sample system, the
corresponding indicated oxygen value would be 100/90 times greater than the value in the wet sample.

NOTE 2 Some oxygen analyzers are designed so that the sensor is controlled at temperatures within the range
333,15 K to 393,15 K (60 °C to 120 °C). This will enable relatively wet samples to be analyzed reliably. For
example, a sample saturated with water vapour at 294,15 K (21 °C) contains approximately 2,5 % water vapour.
This wet sample would normally be within the rated range of the sample dew point for an analyzer wherein the
sensor is controlled at 333,15 K (60 °C). However, the water content in the sample will produce a volumetric error
compared to a measurement made on a dry basis where the water has been removed prior to measurement.

4.4.8 Rated range of sample particulate content

Paramagnetic oxygen analyzers usually require a relatively clean sample to ensure reliable
operation. The rated range of particulates defined in mass per cubic metre (mg/m3), and
maximum particulate size in microns (um) should not be exceeded.
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9 Rated range of interference-errors uncertainties

NoTE Paramagnetic oxygen analyzers are by design specifically measuring the magnetism of

the
quit

sample gas. Oxygen has a high magnetic susceptibility and the measurement is therefore
e specific, but see Annex A for interferences of other common gases. Nitrogen oxide, in

particular, has a significant cross-interference.

Some oxygen analyzers will have interference-errors uncertainties from properties of gases
other than the magnetic susceptibility. For example, gases of high thermal conductivity in the
sample may introduce-errers uncertainties in the indicated value in magnetic wind analyzers,
though modern analyzers may partially compensate for this.

Watgr vapour content shall be in the rated range of the sample dew point (see 4(4.7).

Inte

4.4.

Some¢ analyzers are inherently linear and have very small linearity-errers, uncertainties.

4.4.

rference-errors uncertainties, other than those due to volumetric effects, may oceur.

1 Rated range of linearity-errer uncertainty

11 Rated ranges of influence quantities

Randes for climatic conditions, mechanical conditions and\ main supply conditiony are

spe

NOT

material fields.

5

5.1
5.1.
The

cffied in IEC 60654-1.

E| In addition, paramagnetic oxygen analyzers—may can be ‘affected by the presence of nearby magnetic

Rrocedures for compliance testing

Introduction Analyzer testing
1 General

tests considered in Clause™5 apply to the complete analyzer as supplied by the

manufacturer and include all essential ancillary equipment. The analyzer will be set up bly the

manyfacturer, or in accordapce with his instruction, prior to testing.

5.1.
The

parafagnetic oxygen analyzers will be required.

a)
b)

c)

d)
e)
f)

g)

2 Test equipment

following test“equipment for verification of values that confirm the performange of

as mixing equipment to prepare the required test gases (certified calibration gaseg can
be used).

duipment to present the test gases to the analyzer at the required pressure, flow and
temperature. Gases have to be switched over to enable response fime measurements.

Equipment to measure interference-errors uncertainties. This will also include temperature
controlled bubblers or other moisture generation equipment so that the effects of water
vapour can be measured.

An environmental chamber will be required to measure appropriate influence—errors
uncertainties, such as temperature or humidity.

Equipment for determining influence quantities from variation in supply voltage, frequency
and supply interruption.

Equipment to determine influence—errers uncertainties due to electromagnetic
susceptibility. Radiated emissions may have to be determined.

Equipment to determine influence-errors uncertainties under vibration.

Figure 6 shows the general test arrangement for dry gases.
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required
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=%

*
Change-over valves
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* Ddad space to be minimized to avoid uncertainties in response time measurement.

Figure 6 — General test arrangement — Dry gases

5.2 | Testing procedures
5.21 General

The following relevant testing procedures are detailed in IEC 61207-1.

ntrinsic-errer uncertainty.
L|nearity-error uncertainty.
Rlepeatability-erreok uncertainty.
Qutput fluctuation.

- rift.
gelay time, rise time, fall time.

— Wafm:-up time.
V

ariations (Intluence-erre+s uncertainties).

— Interference-errors uncertainties.

Any ancillary equipment for the correct functioning of the analyzer will be kept under
reference conditions.

Additional test details required for paramagnetic oxygen analyzers are given below.

5.2.2 Interference-erroer uncertainty

The value for testing and the statement of interference-errors uncertainties shall be agreed
between the manufacturer and user prior to testing.
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The manufacturer bears an obligation to indicate components (and their concentrations) and
parameters which are expected, from experience, to provide interference equal to, or greater
than, the minimum detectable concentration. This will include sample pressure if pressure
compensation is not provided.

Interference—errors uncertainties are determined by first presenting the analyzer with the
calibration gas and then sequentially with gases that contain the highest expected
concentration of interfering components, and then at half that level, and which are otherwise
identical to the calibration gas.

Zero calibration gas may be used where the interference-error uncertainty is not expected to

vary

Each

recornded in terms of the equivalent concentration of the component to be determined.

5.2.3
If it i

Wate

procgdure as stated in 5.2.2. However, the method of pfeparation of gases with a k

conc
using
equif

All pipework from the point of water vapour or other condensable vapour addition, up t

analy
The 1
For 4

may
calcd

significantly through the effective range.

test is repeated three times, and the average-errers uncertainties are determined

Wet samples

r vapour interference, after allowance for dilution, cam be determined by the
bentration of water vapour requires special equipment’such as shown in Figure 7

another suitable system. Examples of calculatiohs of water vapour content usin
ment of Figure 7 are shown in Annex B.

zer sample inlet,-must shall be maintained above the dew point.
eference conditions will be with dry’test gases.

nalyzers requiring testing at high dew points, the bubbler and sample pipework an
be operated at elevated temperatures. The partial pressure for water vapour m4g
lated over the range 273,15 K to 373,15 K (0 °C to 100 °C) as in Equation (B.1).

Ind
and
Also,
withi
fitted

5.2.1 Delay times,rise time, fall time

ermining these-response times, it is important to consider the effects of the sample
componentstas the stated values will be specified at the sample inlet of the anal
stated response values will usually require that sample flow rate is at the max
W its rated range;—similarhrwith and the same applies to the bypass flow if this funct
to,the analyzer.

and

5 required that tests are performed on the rated range of the dew point, or to measure
interflerence-errors uncertainties due to water vapour, the following.is.relevant.

bame
hown
br by
j the

b the

i cell
y be

pipe
yzer.
mum
on is
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Gas mixture — % (r s N ———— Analyzer
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Wet/dry l
Enclosure at
saturation
// temperature
7 I Trap
/I
Minimal volume of water
IEC
Encloge trap only for temperatures below 273 K. Long equilibration times will be required, ‘All gas n
compgnents shall be insoluble.
a) Simple bubbler to apply water vapour to sampling systems
Analyzer (via heated pipework)
Enclosure at
L saturation temperature (7 K)
Wet/dry valve
W)
F
Gas mixture
Nitrdgen M in nitrogen
(concentratioh C)
Saturator Mixer IEC
Pipewprk/compongnts.-to be in stainless steel, glass, PTFE.
b) Apparatus to apply water vapour at high concentrations
or to avoid long equilibration times

Figure 7 — Test apparatus to apply gases and water vapour to analysis systems|
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Annex A
(informative)

Interfering gases

Oxygen is a paramagnetic gas, i.e. it is attracted into a magnetic field. Virtually all other
gases are diamagnetic, i.e. repelled from a magnetic field. Paramagnetic oxygen analyzers
are usually calibrated on a scale which is normalized for nitrogen at 0 and oxygen at 100. For
highly accurate measurements, it may be necessary to introduce a zero offset into the
calibration to compensate for the background gas. Table A.1 gives the correction factors for
many—commMmoT gasts: Some—vatues givcll are baibuiatcu', othrers |||cqawcu', anmd—as >UCh,
shou|d be considered as indicative rather than absolute values.

Exanpple 1: an analyzer calibrated with nitrogen as the zero gas and oxygen asthe span gas
will, when 100 % carbon dioxide is passed through it, show a reading of —0;80*% O,. |f the
purpgse is to measure oxygen in carbon dioxide then this will give an-errer Uncertainty. There
are tyvo ways to compensate for this.

a) darbon dioxide is used as the zero gas.

b) Nitrogen is used as the zero gas, but the zero is set to an offset equal but opposite tp the
background gas (i.e. +0,30 % O,).

Exanpple 2: if the background gas is a mixture, then the proportional sum of the zero-grrors
unceftainties is used to calculate the zero offset. Assuming N, is used as the zero gas| and
that fhe background gas-with—a—coempesitien is compgsed of 12 % CO,, 5% CO, 5% n-
Octane, 78 % N,, the zero offset will be:

12 %| CO, = 12 % of -0,30 = -0,04
5% CO = 5 % of +0,07 = +0,00
5 % mn-Octane = 5 % of -2,78 = -0,14
78 %| Ny = 78 %-~of 0,00 = +0,00
Totalf = -0518

In this case, zero offset would be set at +0,18.

Alterpatively, as in Example 1, the actual background gas could be used as the zero gas.

NOTE|1 Nitrogen diaxide exists in equilibrium with dinitrogen tetroxide. The relative proportions vary greatly with
tempeyrature betweef:253,15 K (-20 °C) and 403,15 K (130 °C). As nitrogen dioxide is paramagnetic and dinifrogen
tetroxide is diamagnetic, the relative molar susceptibility of the equilibrium gas also varies. The value of thelmolar
magngtic susceptibility of nitrogen dioxide in Table A.1 is at 408,15 K (135 °C). The zero—errer uncertainty at
333,1% K (60%€) is estimated and depends considerably on the equilibrium ratio of nitrogen dioxide and dinifrogen
tetroxide at 333,15 K (60 °C).

NOTEL2—inTable-A-1-the-zero-ewroruncertaintyassumes—100-% by volume-of interference-gas-asitis-at-338,15 K

(60 °C). Data for other temperatures-may-be is ava|lab|e from some instrument manufacturers and for other gases
not listed.

The molar magnetic susceptibility is largely independent of temperature for diamagnetic substances and is
negative. Only three gases in Table A.1 are paramagnetic, having a positive molar molecular susceptibility. These
are oxygen, nitrogen dioxide and nitric oxide. In these cases, the value of molar magnetic susceptibility is
dependent on temperature (for example see Equation (4) for oxygen), and the values are given for 293,15 K
(20 °C) apart from nitrogen dioxide (408,15 K (135 °C)). (See Note 1 above.)


https://iecnorm.com/api/?name=2ca5925a0ce7338745ef01b666498ca8

Table A.1 — Zero correction factors for current gases

—24 —

IEC 61207-3:2019 RLV © IEC 2019

Gas Formula Molar magnetic Zero error
susceptibility at 60 °C
x 10°¢ cm3.mol""!
Acetaldehyde CH,CHO -22,70 -0,35
Acetic acid CH,CO,H -31,50 -0,64
Acetone CH,COCH, -33,70 -0,71
Acetylene HCCH -20,80 -0,29
Acrylonitrile CH, = CHCN -24,10 -0,40
Ammpnia NH3 -18,00 -0,20
Argo Ar -19,60 -0,25
Benzgne CeHe -54,84 -1,41
Boronp chloride BCI3 -59,90 -1,57
Bromjine Br, -73,50 -2,02
n-Bufane C4H10 -50,30 -1,26
Isobytane (CH;),CHCH, -5170 -1,30
Butene-1 (ethylacetylene) CH,CH,CH = CH, -41,10 -0,96
Iso-Blutylene (CH;),CH = CH, -44,40 -1,06
Butyne-1 CH,C4H, -43,50 -1,03
Carb¢n dioxide CO2 -21,00 -0,30
Carbgn disulfide Cs, -42,20 -0,99
Carbpn monoxide CO -9,80 0,07
Carbgn tetrachloride CCI4 -66,60 -1,79
Carb¢n tetrafluoride CF, -31,20 -0,63
Chlorline Cl, -40,50 -0,94
Chlofoform CHCl, -59,30 ~1,55
Cyclghexane CGH12 -68,13 -1,84
Cycldpentane CsH10 -59,18 -1,55
Cycldpropane C,Hg -39,90 -0,92
Cumgne (CH;),CHC H, -89,53 -2,55
Diacgtylene C,H, -37,50 -0,84
Dichlproethylene (CHCI), -49,20 -1,22
2,2-Oifluoro-1xchloroethane CCIH,-CHF, -52,40 -1,33
1,2-0ifluoro-1,2-dichloroethylene CFCI = CFCI -60,00 -1,58
Difluaraxdichloro-methane (Freon 12) CCLFE, -52.20 -1.32
Dimethoxy methane CH,(OCH,;), -47,30 -1,16
Dimethylamine (CH;),NH -39,90 -0,92
Dimethylether CH;OCH, -26,30 -0,47
Dimethylethylamine (CH;),NC,H, -63,60 -1,69
Ethane CH,CH, -26,80 -0,49
Ethanol CH,CH,OH -33,60 -0,71
Ethylamine C,HNH, -39,90 -0,92
Ethylbenzene CgH5CH,CH, -77,20 -2,14
Ethylbromide CH,CH,Br -54,70 -1,40
Ethylchloride CH,CH,CI -46,00 -1,12
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Gas Formula Molar magnetic Zero error
susceptibility at 60 °C
x 10¢ cm3.mol""!

Ethylene CH,CH, -18,80 -0,22
Ethylene glycol CH,0OHCH,0OH -38,80 -0,88
Ethylene oxide (CH,),0 -30,70 -0,61
Ethylmercaptan C,H;0SO;H -47,00 -1,15
Fluorochlorobromo-methane CFCIBrH -58,00 -1,51
Fluorodichloro-methane (Freon 21) CIZCHF -48,80 -1,21
Furar Cc,H,0 -43,09 -1,02
Halothane C,HBrCIF, -78,80 =2,19
Helium He -1,88 0,33
n-heptane CH,4(CH,),CH, -85,24 -2,40
n-hejane CH4(CH,);CH,, -73,60 -2,02
Hydrpgen H, -3,98 0,26
Hydrpgen Bromide HBr -35,30 -0,76
Hydrgpgen Chloride HCI -22,60 -0,35
Hydrgpgen iodide HI =48,20 -1,19
Hydrpgen selenide H,Se -39,20 -0,89
Hydrggen sulphide H,S -25,50 -0,44
Isoprene CsHs -44,80 -1,08
Isoprppanol (CH;),CHOH -47,60 -1,17
Ketene CHz¢O -15,70 -0,12
Kryptoon Kr -28,80 -0,55
Methane CH, -17,40 -0,18
Methyl acetate CH,COCH, -42,60 -1,00
Methanol CH,OH -21,40 -0,31
Methyl cyclopentane CeHyn -70,20 -1,91
Methylene chloride CHZCI2 -46,60 -1,14
Methylethyl ketone CH,COCH,CH, -45,50 -1,10
Methyl fluoride CH,F -25,50 -0,44
Methyl formate HCOOCH, -32,00 -0,66
Methyl iodide CH,l -57,20 -1,48
Meth}l iso-butyl ketone (MIBK) C,Hy,COCH, -69,30 -1,88
Methyl mércaptane CH,SH -35,30 -0,76
Molybdenum hexafluoride MoF6 -26,00 -0,46
Neon Ne -6,70 0,17
Nitric oxide NO 1 461,00 42,94
Nitrous oxide N,O -18,90 -0,23
Nitrogen N2 -12,00 0,00
Nitrogen dioxide NO, 150,00 20,00
n-Nonane CgoHyp -108,13 -3,16
n-Octane CsH1s -96,63 -2,78
Oxygen o, 3 449,00 100,00
n-Pentane C.H -63,10 -1,68

5 12
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Gas Formula Molar magnetic Zero error
susceptibility at 60 °C
x 10¢ cm3.mol""!
Phenol CzH;OH -60,21 -1,58
Phosphine PH, -26,00 -0,46
Propane CsHs -38,60 -0,87
Propene CH,CH = CH, -31,50 -0,64
Propylamine C3H7NH2 -52,40 -1,33
Propyl chloride C,H,CI -56,10 -1,45
Propylene CsHs -31,50 -0,64
Propylene oxide OCH,CHCH, -42,50 ~1500
Propyl fluoride C,H,F -52,20 -1,32
Silanp SiH, -20,50 -0,28
Styrene CzH;CH = CH, -68,20 -1,85
Sulphur dioxide S0, -18,20 -0,20
Sulphur hexafluoride SFg -44100 -1,05
Tetrachloroethylene CI20 = CCI2 -871,60 -2,28
Tetrahydrofuran C,HgO -52,00 -1,31
Tolugne CgH5CH, -66,11 -1,78
Trich|oro-ethylene CHCI = CCl, -65,80 -1,77
Triflupro-chloro-ethylene 02F30I -49,10 -1,22
1,1,2}Trichloro-ethane (Freon 113) CHCI,-CH,CI -66,20 -1,78
Trimgthylamine (CH);N -51,70 -1,30
Tungptenfluoride WF6 -40,00 -0,92
Urethane €O(NH,)OC,H, -57,00 -1,48
Vinyl{bromide CH, = CHBr -44,80 -1,08
Vinyl|chloride CH, = CHCI -35,60 -0,77
Vinyl|fluoride CH, = CHF -28,80 -0,55
Water H,0 -13,00 -0,03
Xenoh Xe -43,90 -1,05
Xylerle (CH;),CeH, -77,78 -2,16
Molaf magnetic.susceptibility values in Table A.1 should be considered as indicative rather than absolute values.
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Annex B
(informative)

Methods of preparation of water vapour in test gases
For water vapour:

(t-280,1066)

Partial pressure = Antilog10 53 449+0,13907(— 280,1066)

(B.1)

wherp

t ig the dewpoint temperature, in K.

For mixing dry gases and water vapour in pipework above 373,15 K (100 °C), see Figure [7.

0,455 MT

water = £ 1 0,00455 MT)
1

Cy :ﬁ (1 00 — Cywater )

=
>
)
=
4

Cwatdr is the concentration of water vapour in the:xfinal gas mixture, in per cent at 101,3 klPa;

Cc1, is the concentration of component x in the dry gas prior to-mixture mixing with watgr, in
any units;

C, is the concentration x in the final gas mixture, in the same units as C1;

M is the rate of addition of liquid-water, in-kilegrams grams per unit time;

f is the flow rate of dry gas t6.the mixing point, in-d¢m? cm3 per unit time;

T is the measurement temperature to which frefers, in K.

Exanpple for Figure 7a).

The solubility of acidic-gases is much reduced if the pH of the water is reduced to below|2 by
the gddition of sulphtric acid. The effect on vapour pressure in the range 0,01 to 0,1 molar
sulphuric acid is)less than 1 %.

At saturation” temperature = 288,15 K (15 °C) from Equation (B.1), the partial pressure of
watef vapour is:

Antilo (288,15 — 280,1066)
910 33 249 + 013907 (288,15 — 280,1066)

kPa = 1,71 kPa

For gas passing through the bubbler at a pressure of 101,3 kPa:

1,71
ion= —— x 100 = 169 9
Concentration 1013 X %

5

Dilution ratio =1 - 0,016 9 = 0,983

Example for Figure 7b).
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At saturation temperature = 333,15 K (60 °C), partial pressure of water vapour from Equation
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(B.1) is 19,9 kPa.

For a dry flow of-0;45-dm?® 450 cm3-min~! and a gas flow into the bubbler of-0.05-dm? 50
cm3-min~1, this latter flow expands under constant pressure because of the contribution from

water vapour to the total pressure:

Final gas volume flow =

Dilut

Parti

Dew

0.05 x 101,3 + 045 dm3-min~+=0.512 dm3-min—*
(10T 3—1979)
101,3
50 x ————————— + 450 cm3-min~ 1= 512 cm3-min~!
“(101,3 - 19,9)
on ratio =
045
0512
ﬂ=0,879
512
b| pressure of water vapour in gas mixture

_ 19,9x0,05(101,3/(104,3 - 19,5))
0,512

=242 kPa

~ 19,9x50{101,3/(101,3-19,9))
- 512

= 2,42 kPa

(33,449-0,13907*280,1066) log 2,42

point of gas mixturenmay be derived from Equation (B.1), solving for r.

(4 N 400N o 40\

=280.1066+ = 203,66 K
’ 1-0,13907 log 2,42 ’
280,1066 + (33,449 -0,13907 x 280,1066 )l0g2,42
= = 293,66 K

\ =y, 1 OUU7=U94,H'L)
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Table A.1 — Zero correction factors for current gases
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GAS ANALYZERS -
EXPRESSION OF PERFORMANCE -
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2019

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization~eom
national electrotechnical committees (IEC National Committees). The object of IEC(is to pr

end and in addition to other activities, IEC publishes International Standards, Technical Specifics
Reports, Publicly Available Specifications (PAS) and Guides (hereafter‘referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National/ Committee inte
in |[the subject dealt with may participate in this preparatory work. Internatiopal) governmental and
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates g
with the International Organization for Standardization (ISO) in accordanceiwith conditions determin|
agfeement between the two organizations.

The formal decisions or agreements of IEC on technical matters expresss as-nearly as possible, an interna
copsensus of opinion on the relevant subjects since each technicah€ommittee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are niade to ensure that the technical content
Publications is accurate, IEC cannot be held responsible_for the way in which they are used or fd
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any diver
between any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IE
as
se

All

Ng
mée

C itself does not provide any attestation.of’conformity. Independent certification bodies provide conf
Eessment services and, in some areas;-access to |[EC marks of conformity. IEC is not responsible f
fvices carried out by independent certification bodies.

users should ensure that they have-the latest edition of this publication.

liability shall attach to IEC/or)its directors, employees, servants or agents including individual exper
mbers of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of\the publication, use of, or reliance upon, this IEC Publication or any othg
Pyblications.

At
ing
At
pal

ention is drawnyto~the Normative references cited in this publication. Use of the referenced publicati
ispensable fofthe correct application of this publication.

ention is @drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights:<fEC shall not be held responsible for identifying any or all such patent rights.
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pbmote
fis. To
tions,

“IEC
rested
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ed by
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ted in
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) and
r IEC
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ect of

prepared by sub-committee 65B: Measure

ment

This third edition cancels and replaces the second edition published in 2002. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) all references (normative and informative) have been updated, deleted or added to as

appropriate;

b) all the terms, descriptions and definitions relating to the document have been updated

where appropriate;
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c) all references to “errors” have been replaced by “uncertainties” and appropriate updated
definitions applied.

The text of this International Standard is based on the following documents:

FDIS Report on voting
65B/1155/FDIS 65B/1157/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This
This

A list
Expri

The
stabi
the s

—

€

o W

—

€

document has been drafted in accordance with the ISO/IEC Directives, Part 2.
nternational Standard is to be used in conjunction with IEC 61207-1:2010.

of all parts in the IEC 61207 series, published under the general title \Gas analyz
pssion of performance, can be found on the IEC website.

ity date indicated on the IEC website under "http://webstore.iec.ch" in the data relat
pecific document. At this date, the document will be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.

Prs —

tommittee has decided that the contents of this document will.remyain unchanged untjil the

ed to



https://iecnorm.com/api/?name=2ca5925a0ce7338745ef01b666498ca8

-6 - IEC 61207-3:2019 © |IEC 2019

INTRODUCTION

Paramagnetic oxygen analyzers respond to the partial pressure of oxygen in the measured
gas, and the volumetric concentration is then determined by knowledge of the total pressure,
as in many other gas analyzers. Due to this fact, many paramagnetic oxygen analyzers use
pressure compensation (see 4.4.4 and 4.4.5). They are used in a wide range of industrial,
laboratory, medical, and other applications where the rated measuring range of the analyzer
is between 0 % to 1 % and 0 % to 100 %, at reference pressure (usually near atmospheric).

Only a few gases display significant paramagnetism (for example, oxygen, nitric oxide and

nitrogpn dinxidp) and axygen has the ernngpqt pnmmngnpfir‘ Quer‘ppfihilify (Qpp Annex A)
g gases. By employing this particular property of oxygen, analyzers have been designed

amoli

that can be highly specific to the measurement in most industrial and medical applicat
wherp, for example, high background levels of hydrocarbons or moisture may be présent.

Therg are several different techniques described for measuring oxygen by its’ paramag
property, but three main methods have evolved over many years of commeétreial applicatio

The fhree methods are:

— aptomatic null balance;

- th

Thesg methods all require the sample gas to be elean and non-condensing, though
versipns work at elevated temperatures so that samples that are likely to condense at a

ermomagnetic or magnetic wind;
fferential pressure or Quincke.

ions,

netic
n.

pome

ower

tempgrature can be analyzed. Because of this requirement, analyzers often require a sample

syst¢g

m to condition the sample prior to measurement.
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GAS ANALYZERS -
EXPRESSION OF PERFORMANCE -

Part 3: Paramagnetic oxygen analyzers

1 Scope

para
units

Safe
spec

This

e (¢
11

Thianpart of IEC 61207 applies to the three main methods for measuring oxygen\b

agnetic property, which are outlined in the introduction. It considers essentiahandg
and applies to analyzers installed indoors and outdoors.

fications not covered in this document.

document is intended
specify terminology and definitions related to the funetional performance of
agnetic gas analyzers for the measurement of oxygen inca'source gas;

unify methods used in making and verifying statements on the functional performan
ich analyzers;

specify what tests are performed to determine-the functional performance and how
sts are carried out;

provide basic documents to support the application of internationally recognized q
anagement standards.

2 Normative references

The
contg
cited
any g

IEC {

3 1

For t

ollowing documents are referted to in the text in such a way that some or all of
nt constitutes requirements-of this document. For dated references, only the e

mendments) applies.

1207-1, Expression of performance of gas analyzers — Part 1: General

‘erms and definitions

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

y its
illary

y-critical applications can require additional requirements from system’ and analyzer

bara-

ce of

such

Lality

their
dition

applies. For undated references, the latest edition of the referenced document (inclgiding

NOTE Although cgs (centimetre-gram-second) units have been used in this document, S| (Systeme International)

units (

such as defined in IUPAC [1] 1) can also be used.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

1 Numbers in square brackets refer to the bibliography
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3.1

magnetic susceptibility

measure (X) of the variation of the intensity of a magnetic field H, existing in a vacuum, when
the vacuum is substituted (filled) by the test substance, expressed as:

1_
y-H -H
H
where
H is the magnetic field intensity in vacuum
H' is the magnetic field intensity in the test substance

Note {1 to entry: H' - H is also known as the magnetisation MV (magnetic dipole per unit volume) ‘and therefore
this is|also the volume magnetic susceptibility.

3.2
paramagnetism
propéerty of substances causing an increase of the magnetic field intensity (X > 0)

3.3
diamagnetism
property of substances causing a diminution of <the magnetic field intgnsity
(X < P because H! <H)

3.4
specfific magnetic susceptibility
ratio [of magnetic susceptibility to the density derived as follows:

X
)

wherg

D if the density of the considered substance, expressed in g-cm™3 at 273,15 K, 101,3 kRPa

Note 1 to entry: The measuring “unit of X, is therefore cm3-g7'. This is also known as the mass magnetic
susceptibility.

3.5
molar magnetic susceptibility
Xm
specffic magnetic susceptibility multiplied by the molecular mass (M) of the subsfance

cons|dered:

where
M is expressed in g per mole (g-mol~1) (for oxygen M = 31,998 8)

Note 1 to entry: The measuring unit of X is therefore cm3-mol~".

Note 2 to entry: Electrons determine the magnetic properties of matter in two ways:

— an electron can be considered as a small sphere of negative charge spinning on its axis. This spinning charge
produces a magnetic moment;

— an electron travelling in an orbit around a nucleus will also produce a magnetic moment.

It is the combination of the spin moment and the orbital moment that governs the resulting magnetic properties of
an individual atom or ion.
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In paramagnetic materials, the main contribution to the magnetic moment comes from unpaired electrons. It is the
configuration of the orbital electrons and their spin orientations that establish the paramagnetism of the oxygen
molecule and distinguish it from most other gases.

Note 3 to entry: When paramagnetic gases are placed within an external magnetic field, the flux within the gas is
higher than it would be in a vacuum, thus paramagnetic gases are attracted to the part of the magnetic field with
the strongest magnetic flux. On the contrary, diamagnetic substances contain magnetic dipoles which cancel out
some lines of force from the external field; thus diamagnetic gases are subject to repulsion by the magnetic flux.

Note 4 to entry: The molar magnetic susceptibility of oxygen is inversely proportional to the absolute temperature.
According to Van Vleck [2] the molar susceptibility of oxygen can be approximated by Equation (4).

2
81 . 1
For oqygen, Xp=——— (4)
3kT
where
X ik the molar susceptibility of oxygen, expressed in cm3-mol~";

m
L i the Avogadro constant = 6,022 7 x 1023 mol™*;

tg i the Bohr magneton = 9,274 x 10724 A-m?;
ik the Boltzmann constant = 1,38 x 10723 J-K™1;

T i the temperature, expressed in K (kelvin).

Equatfon (4) can be written as follows:

1010557

X = 7 x 1078 cm3-mol~" (only for oxygen).

Note § to entry: A full understanding of paramagnetism and\diamagnetism can be obtained from physigs and
inorggnic chemistry textbooks. The explanation in this document is to give the user of paramagnetic gxygen
analyzers a simple understanding of the physical property tilized.

3.6
automatic null balance analyzer
analyzer that uses, as a general principle of operation, the displacement of a body containing
a vaguum or a diamagnetic gas, from=a region of high magnetic field by paramagnetic oxygen
molefules

Note 1 to entry: See Figure 1.

Measuring cell

Light source

/Qé
Test body

deflection

current 6 detected by
(\3 %0, |_ \ photocells

>&Photocells

Feedback
restoring

yANO)

Amplifier
IEC

Figure 1 — Magnetic auto-balance system with current feedback

Note 2 to entry: The measuring cell typically employs a glass dumb-bell, with the spheres containing nitrogen,
suspended on a torsion strip between magnetic pole pieces or magnets that produce a very strong magnetic field
gradient around the dumb-bell. The dumb-bell is then deflected when oxygen molecules enter the measuring cell, a
force being exerted on the dumb-bell by the oxygen molecules which are attracted to the strongest part of the
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magnetic field. By use of an optical lever, a magnetic actuation coil, and suitable electronics to generate a
feedback signal that nulls the magnetic susceptibility force, an output that is directly proportional to the partial
pressure of oxygen can be achieved. The transducer can be maintained at a constant temperature to prevent the
variations in magnetic susceptibility to temperature from introducing uncertainties. Alternatively, built-in
temperature sensors may be used to provide temperature compensation of the oxygen reading. Additionally, the
elevated temperature helps in applications where the sample is not particularly dry. Some analyzers are designed
so that the transducer operates at a temperature in excess of 373,15 K (100 °C) to further facilitate applications
where condensates would form at a lower temperature. Paramagnetic sensor orientation may also affect the
oxygen measurement uncertainty and this may be corrected by using a compensation algorithm using, for example,
a three-dimensional accelerometer to determine the sensor orientation relative to its orientation during calibration.
Due to the mechanical nature of this type of device, there is some inherent susceptibility to vibrational and
gyroscopic motion, potentially resulting in increased measurement uncertainty.

3.7
thermomagnetic analyzer

3.71
magnetic wind analyzer
analyzer that uses the temperature dependence of the magnetic susceptibility"io’generate a
magnetically induced gas flow which can then be measured by a flow sensor,

Note 1 to entry: The sample gas passes into a chamber designed in such a way that the|inlet splits the flow.

Note 4 to entry: See Figure 2.
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Sample outlet

Magnetic field et Thermal resistance
area —_| | _— bridge

Electromotive
N -o force @ --meemenenead

(EMF) IEC

Figure 2 — Thermomagnetic oxygen sensor

Note 3 to,entfy: The two flows recombine at the outlet. A connecting tube is placed centrally with the flow gensor
wound on_it. Half of the connecting tube is placed between the poles of a strong magnet. The flow sensor is
effectil lnl\: two-colls—of wira hagataed to-a3bout ’ll—'.’l 15 K IQ{\ °f‘\ hy paceann of acurrent—The coldo \lnnn molécules
are dlverted by the magnetic field into the central tube and as they heat up, their magnetic suscept|b|l|ty is
reduced and more cold oxygen molecules enter the connecting tube. A flow of oxygen is generated in this way
through the transversal connecting tube, with the effect of cooling the first coil (which is placed in the magnetic
field area), while the temperature of the second coil is not essentially influenced by this transversal flow. Since the
two coils are wound with thermosensitive wire (for example, platinum wire) and connected together to build a
Wheatstone bridge, the resulting unbalance current is a nearly proportional function of the oxygen partial pressure
in the test gas.

More recent analyzers use more refined measuring cells, toroidal shaped resistors instead of the two-coil flow
sensor, and employ temperature control to minimize ambient temperature changes.

As this method relies on heat transfer, the thermal conductivity of background gases will affect the oxygen reading
and the composition of the background has to be known. Some analyzers can give a first-order correction for this
by utilizing further compensation devices.

Thermomagnetic analyzers do not produce a strictly linear output and additional signal processing is required to
linearize the output.
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3.8
Quincke analyzer

3.8.1

differential pressure analyzer

analyzer that uses a pneumatic balance system established by using a flowing reference gas
(such as nitrogen or air)

Note 1 to entry: The measuring cell is designed so that at the reference gas inlet the flow is divided into two
paths. These flows recombine at the reference gas outlet, where the sample is also introduced. A differential
pressure sensor (or microflow sensor) is positioned across the two reference gas flows so that any imbalance is
detected. A magnet is situated in the vicinity of the reference gas outlet in one arm of the measuring cell so that

oxygepin the sample is attracted into the arm thereby causing a small back pressure which is detected by the
pressuyre sensor (see Figure 3).

Paramagnetic

gas molecules

build up in this

area causing P ¢
pressure build-up ermanen

or electro-magnet
(pulsed)
*
Sample gas
- .
inlet
N
Gas flow - - \
equalizer B3 T \
Differential pressure
or flow sensor
Reference gas inlet [EC
Figure 3 — Differential pressure oxygen sensor

Note 2 to entry: Differential pressure analyzers are independent of thermal conductivity of background gases, and
as only the reference gas comes in contact with the sensor, corrosion problems are minimal. Some instruments use
pulsed magnetic fields to improve tilt sensitivity, and certain designs compensate for vibration effects.

3.9

hazardous area

area in which an explosive gas atmosphere is present, or may be expected to be present, in
quantities such as to require special precautions for the construction, installation and use of
devices

3.10
essential ancillary unit
unit without which the analyzer will not operate within specifications

EXAMPLE: Calibration systems, reference gas systems, sample systems.
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3.1

sample systems
system of component parts assembled on a panel or in an analyzer house with the purpose of
transporting the sample gas from the sampling point to the analyzer and presenting the

sample in such a manner that reliable measurements can be obtained

Note 1

- 13—

to entry: The components used can include

—  pressure regulators;

— flow meters;

— flow controllers;

- il
- P
- V4

- C4

—  hg
- d

- S

Note 4
syster
user g
rated
proce
affect

TatomoTTits:

mps;

lves (manual and/or electrically operated);
tch or knockout pots;

olers;

aters;

ying units;

rubbing units.

the final sample system design.

In Out

Oxygencanalyzer

— Vent

Valve

by-pass
flowmeter

blibration gases

Sample
flowmeter

Sample outlet

Maximum flow 2,5 I/min

/\ Electric cooler

to entry: See Figure 4 and Figure 5 for examples of typical samplinG systems. For full details of sample
h requirements, see |IEC 61115 [3]. These components will usually be-designed as a sample system py the
r, more often, by a manufacturer, so that the analyzer requirements defined in the specification are within the
pperating range. The required system design is therefore very dependent on the sample conditions [of the
s. Variations in sample pressure, temperature, dust loading,/and”pressure of other gases and vapoulrs will

Sample inlet (absolute)
pressure 50 kPa to 120 kHa

Coalescing
filter

Dewpoint 278,15 K(5-°C)

Figure 4 — Typical sampling systems —

Autodrain

Condensate drain

IEC

Filtered and dried system with pump for wet samples
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Oxygen
analyzer
Dry steam in |
n
Filter/separator —/T—':I::] t}
Probe Steam ejector 1 Out
L ]
Sample flow //X t_
control valve =+
Finned cooler Eé
Minimum fall 1:10 + Bybbler
(
Constant flow
regulator
Calibration gas in
Hand valve
Strainer
Hand valve
Water-wash
: separator
Waterlin

Drain
IEC

Figure 5 — Typicallsampling system — Steam-aspirated system
with water wash for wet samples

3.12
sample dew point
dew point of a sample expressed in K and is the temperature at or below which condensjation
occufs

Note 1 to entryx~~The analyzer should be operated at a minimum of 5 K above the sample dew point to pfevent
formafion of-cendensate.

Note 2 toventry: The presence of condensation at the inlet of an analyzer will usually cause malfufction.
Condensate may form from water vapour or other vapours depending on the nature of the sample.

3.13
reference gas
gas of known constant composition

Note 1 to entry: Pure nitrogen is usually employed. The reference gas can have an oxygen content, for example
air. This has the effect of giving a suppressed zero and is useful when measuring high oxygen concentrations as it
reduces the influence of barometric pressure.
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4 Procedures for specification

41 General
The procedures are detailed in IEC 61207-1. This covers:

— operation and storage requirements;
— specification of ranges of measurement and output signals;
— limits of uncertainties;

— recommended reference values and rated ranges of influence quantities (see IEC 60654-1).

In th|s part of IEC 61207, requirements for essential ancillary units and services are-diven.
Addifional characteristics for specification of performance and important aspeéec of
perfdrmance relevant to paramagnetic analyzers are detailed.

4.2 | Specification of essential ancillary units and services
4.21 Sampling system

The [sampling system shall be specified to supply the sample;within the rated range of
influgnce quantities of the analyzer.

Simple elements of the sampling system may be included in the analyzer. Sample| flow
metefs, sample flow regulation, bypass flow meters, bypass flow regulations, sample filters
are often part of the analyzer.

If centain system elements are included in the analyzer the rated range of influence quantities
will ble less severe compared to an analyzer wjithout any sampling system.

The $ampling system will add a delay in_ addition to the response time of the analyzer. H¢nce,
the sample system response time should’be specified.

The ¢hemical composition of the.sample stream shall be considered in the system specification.
Specjal precautions need to .be’taken for flammable samples, toxic samples or corrpsive
samples.

Somé materials are (permeable to oxygen (for example, silicones) and the measurement
unceftainties that maybe introduced by them should be considered and avoided if necesjsary.
For gystems measuring very high concentrations of oxygen, the sampling system components
shou|ld be cleah-*for oxygen service to prevent any dangerous reactions with flammable
contaminants.

4.2.2 Services

4.2.2.1 General

Paramagnetic oxygen analyzers will require facilities for calibration after installation. Bottled
calibration gases and pressure regulation facilities are generally required. Quincke analyzers
will additionally require facilities for supplying the reference gas.

NOTE Nitrogen is usually employed for zero calibration. The span gas will usually be a known concentration of
oxygen in nitrogen typically about 80 % of the measuring range. Air contains between 20,64 % and 20,95 % O, by
volume due to varying humidity. Dry air or instrument air at 20,95 % O, can therefore be used for span calibrations.
If the oxygen level of the sample gas is high, then 100 % O, is usually used as the span gas.

4.2.2.2 Rated range of calibration and reference gas pressure

Calibration and reference gas pressure shall be within the rated range of sample pressure for
the analyzer, to prevent possible damage to the paramagnetic sensor.
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4.2.2.3 Rated range of calibration and reference gas flow

Calibration and reference gas flow shall be within the rated range of sample flow for the
analyzer. For minimum uncertainties, the calibration gas flow should be set the same as the
sample flow. Excessively high calibration and reference gas flows can damage the
paramagnetic sensor, particularly from a large pressure impulse, which may occur if the flow
outlet becomes blocked and then quickly released.

4.3 Additional characteristics related to specification of performance

4.31 The following additional characteristics to those detailed in IEC 61207-1 may be
reqUI Ud tU bU O'JUUIfIUd tU dCf;IIU thU PUII‘UIIIIGII\JU Uf d }Jalalllasllc‘l;\; GIIG:yLUI U1 |to Oult blllty
for a|particular application. Depending on the analyzer design details or application, some of
these additional terms may be omitted.

4.3.2 Hazardous classification of the area in which the analyzer is to be located. Geperal
purpdse analyzers will not be suitable for location in hazardous areas.

4.3.3 Flammable gases or vapours should only be sampled byy\analyzers which are
specified as suitable and should be vented from the analyzer in a safemanner.

4.3.4 If the sample gas is toxic, this should be specified,».as special maintenancq ins-
tructions may be required to ensure leak-free operation. Instaliation of the analyzer shall also
take jnto account how the sample gas is vented, returned toyprocess, or otherwise dealt with.

4.3.5 The orientation of the analyzer should be considered. In fixed installations, analyzers
shou|d be positioned in an upright manner so thatiany uncertainties due to tilt are minimlized.
For installations that move (for example, ships),‘the rated range of tilt should be specified|.

4.3.6 The vibration sensitivity of the analyzer should be considered. For applications where
the Jibration levels are outside the rated-range of the analyzer, anti-vibration mountings are
recolnmended.

4.3.7 The response time of the analyzer and its sampling system should be considered.
The [response time specifiedfor the analyzer will usually be considerably less than the
sampling system, but is dependent on the sampling system design.

NOTE| Some paramagnetic analyzers are designed with adjustable sample flow and bypass flow sample sys{ems.
4.4 | Important aspects related to specification of performance

441 Genernal

—
—
(o]

Althqugh{_covered in |EC 61207-1, the following aspects are particularly relevar
paravlnagnetic analyzers.

4.4.2 Rated range of ambient temperature

The performance of an analyzer is normally ambient temperature-dependent and will have a
defined operating range of temperatures within which it will operate within its specification.

4.4.3 Rated range of sample gas temperature

The magnetic susceptibility of oxygen is temperature-dependent, and large uncertainties in
the measurement value occur unless the analyzer is designed to compensate for the
temperature of the sensor. In practice, the temperature of the paramagnetic sensor will
depend on ambient temperature and gas temperature. Process paramagnetic oxygen
analyzers usually employ temperature-controlled sensors (in addition to temperature
compensation) to minimize effects of sample temperature changes and ambient temperature
changes. Simple analyzers may not have temperature-controlled sensors, in which case
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calibration should precede measurements so that ambient temperature effects and sample
temperature effects are taken into account.

4.4.4 Rated range of ambient pressure

Measurement values are dependent on sample pressure. If the analyzer is vented to
atmosphere, so that the sample within the sensor is at ambient pressure, changes in
barometric reading will cause uncertainties in the measured value. For analyzers where the
measured value is directly proportional to the sample pressure (automatic null balance
analyzer), uncertainty can occur in O, readings (% O,),

Ao = xo (5)

wherg
O, |is the oxygen reading at time of measurement in % Oy;

m | is the absolute ambient pressure at time of measurement in kPa,;
P. |is the absolute ambient pressure at time of calibration in kPa.

Barometric pressure compensation is usually offered by manufagturers to minimize this|type
of unjcertainty.

4.4.5 Rated range of sample pressure

If thel sample is returned to the process stream (assuming process pressure is within the fated
range of sample pressure), variations in process\pressure will cause similar uncertainties to
thos¢ described in 4.4.4.

Sample pressure compensation is usually\offered by manufacturers of process analyzefs so
that this type of uncertainty is minimized:

4.4.6 Rated range of sample flow

Uncertainties in indicated (value due to sample flow can be minimized by settind the
calibration flow rates to the expected sample flow rates.

4.4.7 Rated range‘of sample dew point

Samples shall -be''supplied within the rated range of the sample dew point to increase
perfadrmance reliability. Also, differences in indicated value will occur if the measurement is
madeg on awet' basis compared to a dry basis.

NOTE| N\ ¥ the rated range of sample dew point for an analyzer is low, then the samplmg system can have to
remo Wdl.ﬂl vdapuut IIUIII I.Ilb' bdlllplb‘ II IUI E}\dlllplb‘ IU 0 Wdlﬂl vdapuur were IEIIIUVEU Uy I.IIU bdlllplﬂ byblﬂ n, the
corresponding indicated oxygen value would be 100/90 times greater than the value in the wet sample.

NOTE 2 Some oxygen analyzers are designed so that the sensor is controlled at temperatures within the range
333,15 K to 393,15 K (60 °C to 120 °C). This will enable relatively wet samples to be analyzed reliably. For
example, a sample saturated with water vapour at 294,15 K (21 °C) contains approximately 2,5 % water vapour.
This wet sample would normally be within the rated range of the sample dew point for an analyzer wherein the
sensor is controlled at 333,15 K (60 °C). However, the water content in the sample will produce a volumetric error
compared to a measurement made on a dry basis where the water has been removed prior to measurement.

4.4.8 Rated range of sample particulate content

Paramagnetic oxygen analyzers usually require a relatively clean sample to ensure reliable
operation. The rated range of particulates defined in mass per cubic metre (mg/m3), and
maximum particulate size in microns (um) should not be exceeded.
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4.4.9 Rated range of interference uncertainties

Paramagnetic oxygen analyzers are by design specifically measuring the magnetism of the
sample gas. Oxygen has a high magnetic susceptibility and the measurement is therefore
quite specific, but see Annex A for interferences of other common gases. Nitrogen oxide, in
particular, has a significant cross-interference.

Some oxygen analyzers will have interference uncertainties from properties of gases other
than the magnetic susceptibility. For example, gases of high thermal conductivity in the
sample may introduce uncertainties in the indicated value in magnetic wind analyzers, though
modern analyzers may partially compensate for this.

Watgr vapour content shall be in the rated range of the sample dew point (see 4(4.7).

Interference uncertainties, other than those due to volumetric effects, may occur.

4.4.10 Rated range of linearity uncertainty

Some¢ analyzers are inherently linear and have very small linearity uncertainties.

4.4.11 Rated ranges of influence quantities

Randes for climatic conditions, mechanical conditions and\.main supply conditiony are

specified in IEC 60654-1.

NOTE| In addition, paramagnetic oxygen analyzers can be affected‘by the presence of nearby magnetic fieldp.

5

5.1
5.1.1 General
The

Rrocedures for compliance testing

Analyzer testing

tests considered in Clause 5, apply to the complete analyzer as supplied by the

manufacturer and include all essential ancillary equipment. The analyzer will be set up bly the

manufacturer, or in accordanceith his instruction, prior to testing.

5.1.2 Test equipment

The
paramagnetic oxygen’analyzers will be required.

a)
b)

c)

d)
e)
f)

g)

following test equipment for verification of values that confirm the performange of

as mixing<equipment to prepare the required test gases (certified calibration gaseg can
be used).

quipment to present the test gases to the analyzer at the required pressure, flow and
t¢mperature. Gases have to be switched over to enable response time measurements|.

Equipment to measure interference uncertainties. This will also include temperature
controlled bubblers or other moisture generation equipment so that the effects of water
vapour can be measured.

An environmental chamber will be required to measure appropriate influence
uncertainties, such as temperature or humidity.

Equipment for determining influence quantities from variation in supply voltage, frequency
and supply interruption.

Equipment to determine influence uncertainties due to electromagnetic susceptibility.
Radiated emissions may have to be determined.

Equipment to determine influence uncertainties under vibration.

Figure 6 shows the general test arrangement for dry gases.
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Oxygen analyzer

Electrical
connections

T
g

Flowmeter
Pressure regulator
AN AN @ ‘
N, Zero gas Span gas ’
4 Oxygen

~N

Gas
blender
Nitrogen
Test gas ‘
O Pressure regulator

EC

Vent to atmospheric pressure
(record pressure)

Reference if
required

\_J @]
=%

*
Change-over valves

K H—P—

* Ddad space to be minimized to avoid uncertainties in response time measurement.
Figure 6 — General test arrangement — Dry gases
5.2 | Testing procedures

5.2.1 General

The following relevant testing procedures are detailed in IEC 61207-1.

ntrinsic uncertainty.
L|nearity uncertainty.
Rlepeatability uncertainty.
Qutput fluctuation.

- rift.
gelay time, rise time, fall time.

— Wafm:-up time.
V

ariations (Intfluence uncertainties).

— Interference uncertainties.

Any ancillary equipment for the correct functioning of the analyzer will be kept under
reference conditions.

Additional test details required for paramagnetic oxygen analyzers are given below.

5.2.2 Interference uncertainty

The value for testing and the statement of interference uncertainties shall be agreed between
the manufacturer and user prior to testing.
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The manufacturer bears an obligation to indicate components (and their concentrations) and
parameters which are expected, from experience, to provide interference equal to, or greater
than, the minimum detectable concentration. This will include sample pressure if pressure
compensation is not provided.

Interference uncertainties are determined by first presenting the analyzer with the calibration
gas and then sequentially with gases that contain the highest expected concentration of
interfering components, and then at half that level, and which are otherwise identical to the
calibration gas.

Zero calibration gas may be used where the interference uncertainty is not expected to vary

signi

Each
in ter

5.2.3
If it i

Wate

procgdure as stated in 5.2.2. However, the method of pfeparation of gases with a k

conc
using
equif

All plpework from the point of water vapour or other condensable vapour addition, up t

analy
The 1

For 4
may
calc(

Ind
and
Also,
withi
analy

5.2.1 Delay times,rise time, fall time

icantly through the effective range.

test is repeated three times, and the average uncertainties are determined ,and recq
ms of the equivalent concentration of the component to be determined.

Wet samples

r vapour interference, after allowance for dilution, cam, be determined by the

bntration of water vapour requires special equipment’such as shown in Figure 7
another suitable system. Examples of calculations of water vapour content usin
ment of Figure 7 are shown in Annex B.

zer sample inlet, shall be maintained abeve the dew point.
eference conditions will be with dry’test gases.

nalyzers requiring testing at high dew points, the bubbler and sample pipework an
be operated at elevated temperatures. The partial pressure for water vapour m4g
lated over the range 273,15 K to 373,15 K (0 °C to 100 °C) as in Equation (B.1).

ermining these-response times, it is important to consider the effects of the sample
componentstas the stated values will be specified at the sample inlet of the anal
stated response values will usually require that sample flow rate is at the max
h its rated range and the same applies to the bypass flow if this function is fitted t
zer!

rded

5 required that tests are performed on the rated range of the dew point, or to measure
interflerence uncertainties due to water vapour, the following is relevant.

same
hown
br by
y the

b the

i cell
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pipe
yzer.
mum
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Gas mixture — % (r s N ———— Analyzer

ixture

Wet/dry l
Enclosure at
saturation
// temperature
7 I Trap
/I
Minimal volume of water
IEC
Encloge trap only for temperatures below 273 K. Long equilibration times will be required, ‘All gas n
compgnents shall be insoluble.
a) Simple bubbler to apply water vapour to sampling systems
Analyzer (via heated pipework)
Enclosure at
L saturation temperature (7 K)
Wet/dry valve
W)
F
Gas mixture
Nitrdgen M in nitrogen
(concentratioh C)
Saturator Mixer IEC
Pipewprk/compongnts-to be in stainless steel, glass, PTFE.
b) Apparatus to apply water vapour at high concentrations
or to avoid long equilibration times

Figure 7 — Test apparatus to apply gases and water vapour to analysis systems|
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Annex A
(informative)

Interfering gases

Oxygen is a paramagnetic gas, i.e. it is attracted into a magnetic field. Virtually all other
gases are diamagnetic, i.e. repelled from a magnetic field. Paramagnetic oxygen analyzers
are usually calibrated on a scale which is normalized for nitrogen at 0 and oxygen at 100. For
highly accurate measurements, it may be necessary to introduce a zero offset into the
calibration to compensate for the background gas. Table A.1 gives the correction factors for
many—commMoT gasts: Some—vatues givcll are baibuiatcu', othrers |||caawcu', anmd—as >LICh,
shou|d be considered as indicative rather than absolute values.

Exanpple 1: an analyzer calibrated with nitrogen as the zero gas and oxygen as the span gas
will, when 100 % carbon dioxide is passed through it, show a reading of —0;80*% O,. |f the
purpgse is to measure oxygen in carbon dioxide then this will give an uncertainty. Therg are
two Ways to compensate for this.

a) darbon dioxide is used as the zero gas.

b) Nitrogen is used as the zero gas, but the zero is set to an offset equal but opposite tp the
background gas (i.e. +0,30 % O,).

Exanpple 2: if the background gas is a mixture, then the proportional sum of the|zero
unceftainties is used to calculate the zero offset. Assuming N, is used as the zero gas| and
that the background gas is composed of 12 % CO4, 6% CO, 5 % n-Octane, 78 % N4, the
zero offset will be:

12 %| CO, = 12 % of -0,30 = -0,04
5% CO = 5 % of +0,07 = +0,00
5 % mn-Octane = 5 % of -2,78 = -0,14
78 %| Ny = 78 %-~of 0,00 = +0,00
Totalf = -0518

In this case, zero offset would be set at +0,18.

Alterpatively, as in Example 1, the actual background gas could be used as the zero gas.

NOTE|1 Nitrogen diaxide exists in equilibrium with dinitrogen tetroxide. The relative proportions vary greatly with
tempeyrature betweef:253,15 K (-20 °C) and 403,15 K (130 °C). As nitrogen dioxide is paramagnetic and dinifrogen
tetroxide is diamagnetic, the relative molar susceptibility of the equilibrium gas also varies. The value of thelmolar
magngtic susceptibility of nitrogen dioxide in Table A.1 is at 408,15 K (135 °C). The zero uncertainty at 333,15 K
(60 °Q) is estimated and depends considerably on the equilibrium ratio of nitrogen dioxide and dinitrogen tetfoxide
at 333, 15,K (60 °C).

. o . o .,
NOTEL2 M Table-A-4—thezero—uncertainty—assumes—100 by—volume—of-interference—gas—as—itis—at-333,15 K

J J
(60 °C). Data for other temperatures is available from some instrument manufacturers and for other gases not
listed.

The molar magnetic susceptibility is largely independent of temperature for diamagnetic substances and is
negative. Only three gases in Table A.1 are paramagnetic, having a positive molar molecular susceptibility. These
are oxygen, nitrogen dioxide and nitric oxide. In these cases, the value of molar magnetic susceptibility is
dependent on temperature (for example see Equation (4) for oxygen), and the values are given for 293,15 K
(20 °C) apart from nitrogen dioxide (408,15 K (135 °C)). (See Note 1 above.)
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Table A.1 — Zero correction factors for current gases

- 23—

Gas Formula Molar magnetic Zero error
susceptibility at 60 °C
x 10°¢ cm3.mol""!
Acetaldehyde CH,CHO -22,70 -0,35
Acetic acid CH,CO,H -31,50 -0,64
Acetone CH,COCH, -33,70 -0,71
Acetylene HCCH -20,80 -0,29
Acrylonitrile CH, = CHCN -24,10 -0,40
Ammpnia NH3 -18,00 -0,20
Argo Ar -19,60 -0,25
Benzgne CeHe -54,84 -1,41
Boronp chloride BCI3 -59,90 -1,57
Bromjine Br, -73,50 -2,02
n-Bufane C4H10 -50,30 -1,26
Isobytane (CH;),CHCH, -5170 -1,30
Butene-1 (ethylacetylene) CH,CH,CH = CH, -41,10 -0,96
Iso-Blutylene (CH;),CH = CH, -44,40 -1,06
Butyne-1 CH,C4H, -43,50 -1,03
Carb¢n dioxide CO2 -21,00 -0,30
Carbgn disulfide Cs, -42,20 -0,99
Carbpn monoxide CO -9,80 0,07
Carbgn tetrachloride CCI4 -66,60 -1,79
Carb¢n tetrafluoride CF, -31,20 -0,63
Chlorline Cl, -40,50 -0,94
Chlofoform CHCl, -59,30 ~1,55
Cyclghexane CGH12 -68,13 -1,84
Cycldpentane CsH10 -59,18 -1,55
Cycldpropane C,Hg -39,90 -0,92
Cumgne (CH;),CHC H, -89,53 -2,55
Diacgtylene C,H, -37,50 -0,84
Dichlproethylene (CHCI), -49,20 -1,22
2,2-Oifluoro-1xchloroethane CCIH,-CHF, -52,40 -1,33
1,2-0ifluoro-1,2-dichloroethylene CFCI = CFCI -60,00 -1,58
Difluaraxdichloro-methane (Freon 12) CCLFE, -52.20 -1.32
Dimethoxy methane CH,(OCH,;), -47,30 -1,16
Dimethylamine (CH;),NH -39,90 -0,92
Dimethylether CH;OCH, -26,30 -0,47
Dimethylethylamine (CH;),NC,H, -63,60 -1,69
Ethane CH,CH, -26,80 -0,49
Ethanol CH,CH,OH -33,60 -0,71
Ethylamine C,HNH, -39,90 -0,92
Ethylbenzene CgH5CH,CH, -77,20 -2,14
Ethylbromide CH,CH,Br -54,70 -1,40
Ethylchloride CH,CH,CI -46,00 -1,12
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Gas Formula Molar magnetic Zero error
susceptibility at 60 °C
x 10¢ cm3.mol""!

Ethylene CH,CH, -18,80 -0,22
Ethylene glycol CH,0OHCH,0OH -38,80 -0,88
Ethylene oxide (CH,),0 -30,70 -0,61
Ethylmercaptan C,H;0SO;H -47,00 -1,15
Fluorochlorobromo-methane CFCIBrH -58,00 -1,51
Fluorodichloro-methane (Freon 21) CIZCHF -48,80 -1,21
Furar Cc,H,0 -43,09 -1,02
Halothane C,HBrCIF, -78,80 =2,19
Helium He -1,88 0,33

n-heptane CH,4(CH,),CH, -85,24 -2,40
n-hejane CH4(CH,);CH,, -73,60 -2,02
Hydrpgen H, -3,98 0,26

Hydrpgen Bromide HBr -35,30 -0,76
Hydrgpgen Chloride HCI -22,60 -0,35
Hydrgpgen iodide HI =48,20 -1,19
Hydrpgen selenide H,Se -39,20 -0,89
Hydrggen sulphide H,S -25,50 -0,44
Isoprene CsHs -44,80 -1,08
Isoprppanol (CH;),CHOH -47,60 -1,17
Ketene CHz¢O -15,70 -0,12
Kryptoon Kr -28,80 -0,55
Methane CH, -17,40 -0,18
Methyl acetate CH,COCH, -42,60 -1,00
Methanol CH,OH -21,40 -0,31

Methyl cyclopentane CeHyn -70,20 -1,91

Methylene chloride CHZCI2 -46,60 -1,14
Methylethyl ketone CH,COCH,CH, -45,50 -1,10
Methyl fluoride CH,F -25,50 -0,44
Methyl formate HCOOCH, -32,00 -0,66
Methyl iodide CH,l -57,20 -1,48
Meth}l iso-butyl ketone (MIBK) C,Hy,COCH, -69,30 -1,88
Methyl mércaptane CH,SH -35,30 -0,76
Molybdenum hexafluoride MoF6 -26,00 -0,46
Neon Ne -6,70 0,17

Nitric oxide NO 1 461,00 42,94
Nitrous oxide N,O -18,90 -0,23
Nitrogen N2 -12,00 0,00

Nitrogen dioxide NO, 150,00 20,00
n-Nonane CgoHyp -108,13 -3,16
n-Octane CsH1s -96,63 -2,78
Oxygen o, 3 449,00 100,00
n-Pentane C.H -63,10 -1,68

5 12
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Gas Formula Molar magnetic Zero error
susceptibility at 60 °C
x 10¢ cm3.mol""!

Phenol CzH;OH -60,21 -1,58
Phosphine PH, -26,00 -0,46
Propane CsHs -38,60 -0,87
Propene CH,CH = CH, -31,50 -0,64
Propylamine C3H7NH2 -52,40 -1,33
Propyl chloride C,H,CI -56,10 -1,45
Propylene CsHs -31,50 -0,64
Propylene oxide OCH,CHCH, -42,50 ~1500
Propyl fluoride C,H,F -52,20 -1,32
Silanp SiH, -20,50 -0,28
Styrene CzH;CH = CH, -68,20 -1,85
Sulphur dioxide S0, -18,20 -0,20
Sulphur hexafluoride SFg -44100 -1,05
Tetrachloroethylene CI20 = CCI2 -871,60 -2,28
Tetrahydrofuran C,HgO -52,00 -1,31
Tolugne CgH5CH, -66,11 -1,78
Trich|oro-ethylene CHCI = CCl, -65,80 -1,77
Triflupro-chloro-ethylene 02F30I -49,10 -1,22
1,1,2}Trichloro-ethane (Freon 113) CHCI,-CH,CI -66,20 -1,78
Trimgthylamine (CH);N -51,70 -1,30
Tungptenfluoride WF6 -40,00 -0,92
Urethane €O(NH,)OC,H, -57,00 -1,48
Vinyl{bromide CH, = CHBr -44,80 -1,08
Vinyl|chloride CH, = CHCI -35,60 -0,77
Vinyl|fluoride CH, = CHF -28,80 -0,55
Water H,0 -13,00 -0,03
Xenoh Xe -43,90 -1,05
Xylerle (CH;),CeH, -77,78 -2,16
Molaf magnetic.susceptibility values in Table A.1 should be considered as indicative rather than absolute values.
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Annex B
(informative)

Methods of preparation of water vapour in test gases
For water vapour:

(t-280,1066)

Partial pressure = Antilog4q 33,449 +0,13907(1 - 280,1066)

wherg

t igthe dewpoint temperature, in K.

For mixing dry gases and water vapour in pipework above 373,15 K (100 °C), see Figure [.

0,455 MT

water =+ 1 0,00455 MT)
1

Cy= 108 (1 00 — Cwater )

=
>
)
=
4

Cwatdr is the concentration of water vapour in thefinal gas mixture, in per cent at 101,3 kPa;

Cc1, is the concentration of component x in_the dry gas prior to mixing with water, in any
units;

C, is the concentration x in the final gas mixture, in the same units as C1;

M is the rate of addition of liquid.water, in grams per unit time;

f is the flow rate of dry gas to'the mixing point, in cm3 per unit time;

T is the measurement temperature to which frefers, in K.

Exanpple for Figure 7a).

The solubility of acidic-gases is much reduced if the pH of the water is reduced to below|2 by
the gddition of sulphtric acid. The effect on vapour pressure in the range 0,01 to 0,1 molar
sulphuric acid js less than 1 %.

At saturatian® temperature = 288,15 K (15 °C) from Equation (B.1), the partial pressure of
watef vapour is:

Antilo (288,15 — 280,1066)
910 33449+ 0,13907(288,15 — 280,1066)

kPa = 1,71 kPa

For gas passing through the bubbler at a pressure of 101,3 kPa:

Concentration = ﬂ x 100 = 1,69 %
101,3

Dilution ratio =1 - 0,016 9 = 0,983

Example for Figure 7b).
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At saturation temperature = 333,15 K (60 °C), partial pressure of water vapour from Equation
(B.1) is 19,9 kPa.

For a dry flow of 450 cm3-min~1 and a gas flow into the bubbler of 50 cm3-min~1, this latter
flow expands under constant pressure because of the contribution from water vapour to the
total pressure:

101,3

— 2  +450 cm3-min~1=512 cm3-min~!
(1013 — 19,9)

Final gas volume flow = 50 x

Dilution ratio = ﬂ:0,879
512

Partial pressure of water vapour in gas mixture

19,9x50(101,3/(101,3-19,9))
- 512

= 2,42 kPa
Dew jpoint of gas mixture may be derived from Equation (B.1),/selving for ¢.

~280,1066 + (33,449-0,13907 % 280,1086)l0g2,42

= 293,66 K
(1-0,13907l0g2,42)
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AVANT-PROPOS

La] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de “pormali
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)y L'IEC

objet de favoriser la coopération internationale pour toutes les questions de normalisation-dans les don
de| I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités —publie des N
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessib
puplic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participe
organisations internationales, gouvernementales et non gouvernementales, encliaison avec I'lEC, parti
égplement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation
selon des conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la nj
du| possible, un accord international sur les sujets étudiés, étant donné/que les Comités nationaux dg
interessés sont représentés dans chaque comité d’études.

Lep Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les €fforts raisonnables sont entrepris afin qug
s'gdssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

D4gns le but d'encourager l'uniformité internationale, les*Comités nationaux de I'lEC s'engagent, dans tg
mgsure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutesyRublications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépe
fodrnissent des services d'évaluation de~conformité et, dans certains secteurs, accédent aux marqu
cophformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifi
ingépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

Adcune responsabilité ne doit’ étre imputée a I'lEC, a ses administrateurs, employés, auxiliair
mgndataires, y compris ses experts particuliers et les membres de ses comités d'études et des C
nafionaux de I'lEC, pour‘teut préjudice causé en cas de dommages corporels et matériels, ou de tout
dommage de quelque.nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
de] justice) et les dépehses découlant de la publication ou de I'utilisation de cette Publication de I'lEC
todite autre Publication de I'lEC, ou au crédit qui lui est accordé.

L'dttention esf \attirée sur les références normatives citées dans cette publication. L'utilisation de publid
référencées'est obligatoire pour une application correcte de la présente publication.

L’gttention\est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven
I'opjet de“droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
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de|brevet et de ne pas avoir signalé leur existence.

La Norme internationale IEC 61207-3 a été établie par le sous-comité 65B: Equipements de
mesure et de contréle-commande du comité d’études 65 de I'lEC: Mesure, commande et
automation dans les processus industriels.

Cette troisieme édition annule et remplace la deuxieme édition parue en 2002. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) toutes les références (normatives et informatives) ont été mises a jour, retirées ou

ajoutées comme il convient;
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b) tous les termes, descriptions et définitions en rapport avec le document ont été mis a jour
le cas échéant;

c) toutes les références aux "erreurs" ont été remplacées par le terme «incertitudes» et les
définitions ont été mises a jour comme il convient.

Le texte de cette Norme internationale est issu des documents suivants:

Ced
Cette

Une
Analy
I'EC

Le c
stabi
relati

L]
-

q

o S

°
-

q

FDIS Rapport de vote
65B/1155/FDIS 65B/1157/RVD

i a I'approbation de cette Norme internationale.
pbcument a été rédigé selon les Directives ISO/IEC, Partie 2.
Norme Internationale doit étre utilisée conjointement avec I'lEC 61207-1:2010.

liste de toutes les parties de la série |IEC 61207, publiées sous le titre gé
seurs de gaz — Expression des performances, peut étre consultée sur le site weg

bmité a décidé que le contenu de ce document ne $era pas modifié avant la daf
ves au document recherché. A cette date, le docunient sera
conduit,

ipprimé,

mplacé par une édition révisée, ou

mendé.

néral
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ité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données
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INTRODUCTION

analyseurs d’oxygéne paramagnétiques sont sensibles a la pression partielle de
'oxygéne dans le gaz mesuré, de ce fait la concentration volumétrique est déterminée sur la
base de la pression totale, comme dans de nombreux autres analyseurs de gaz. Par
conséquent, de nombreux analyseurs d'oxygéne paramagnétiques utilisent la compensation
de la pression (voir 4.4.4 et 4.4.5). Les analyseurs d’oxygéne paramagnétiques sont utilisés
pour de nombreuses applications industrielles, médicales, de laboratoire et autres pour
lesquelles I'étendue de mesure assignée de l'analyseur est comprise dans les plages de 0 %
a1% etde 0% a 100 %, a la pression de référence (généralement proche de la pression
atmosphérique).

Seuls
I'oxy
susc
perm
dans
une (

Plusieurs techniques différentes de mesure de l'oxygéne par sa 'propriété paramagn

sont
ont é

Ces

cepe
analy
inféri
d'un

quelques gaz présentent un phénoméne de paramagnétisme significatif (parfiexe
jene, I'oxyde nitrique et le dioxyde d’azote) et parmi les gaz I'oxygéne a_la<plus
bptibilité paramagnétique (voir Annexe A). Cette propriété particuliere de™l'oxygé
is de concevoir des analyseurs capables d'effectuer des mesurages~trés spécif
la plupart des applications industrielles et médicales, par exemple larsqu'il peut e
uantité importante d’hydrocarbures ou d’humidité résiduels.

décrites. Les trois principales méthodes, utilisées commereialement depuis des an
volué au fil du temps.

rois méthodes sont les suivantes:

fuilibrage automatique a méthode de zéro;
bnt thermomagnétique ou magnétique;

fession différentielle ou méthode de Quincke.

ndant, certaines versions fonctioinent a des températures élevées, afin de p
ser les échantillons qui sont™susceptibles de se condenser a des tempéra
eures. Cette exigence implique qu'il est souvent nécessaire d’équiper les analys
systéme d'échantillonnageafin de conditionner I'échantillon avant le mesurage.

Toutgs ces méthodes exigent que le gaz échantillon soit propre et sans condens({tion;

mple
forte
ne a
ques
ister

é'l:ique
ées,

uvoir
ures
beurs
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1

La présente partie de I'lEC 61207 traite des trois principales méthodes de mesur
'oxygene par sa propriété paramagnétique présentées dans l'introduction. Elle porte suf

ANALYSEURS DE GAZ -
EXPRESSION DES PERFORMANCES -

Partie 3: Analyseurs d'oxygéne paramagnétiques

Domaine d’application

e de
des

unitép auxiliaires essentielles et concerne les analyseurs installés a l'intérieur<{Comme a

I'extdrieur.

Les
nécepsiter des exigences supplémentaires quant aux spécifications, du systéme &€
I'analyseur qui ne sont pas traitées dans la présente norme.

La présente norme a pour objet

Les dJocuments suivants sontcités dans le texte de sorte qu’ils constituent, pour tout ou f
de lgur contenu, des exigences du présent document. Pour les références datées,
I’éditlon citée s’applique. Pour les références non datées, la derniére édition du docume
référence s'applique. (y compris les éventuels amendements).

IEC 61207-1,Expression des performances des analyseurs de gaz — Partie 1: Généralité

3

de spécifier la terminologie et les définitions relatives aux‘performances fonctionnelle
halyseurs de gaz paramagnétiques utilisés pour le, mesurage de lI'oxygéne dans ur
burce;

a
S

dlunifier les méthodes utilisées en fournissant ét’ en vérifiant les indications relatives
performances fonctionnelles de ces analyseurs;
d
11

b spécifier les essais a effectuer pour déterminer les performances fonctionnelles
aniére de réaliser ces essais;

fqurnir des documents de base appuyant I'application des normes de gestion de la q
rgconnues sur le plan international:

Références normatives

Termes et définitions

bpplications présentant un risque particulier du point de vue de fla, sécurité pedivent

t de

5 des
gaz

aux

et la

halité

artie
seule
nt de

"2

Pour les besoins du présent document, les termes et définitions suivants s’appliquent.

NOTE Bien que les unités cgs (centimétre-gramme-seconde) aient été utilisées dans la présente norme, les unités
Sl (Systéme international) telles que définies dans 'lUPAC [1]1 peuvent aussi étre utilisées.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

1

IEC Electropedia: disponible a I'adresse http://www.electropedia.org/

ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

Les chiffres entre crochets se réferent a la Bibliographie.
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3.1

susceptibilité magnétique

mesure (X) de la variation de l'intensité du champ magnétique H dans une portion d’espace
contenant du vide lorsque ce vide a été remplacé par la substance en essai exprimée par:

1_
X = H'-H
H
ou
H est I'intensité du champ magnétique dans le vide
H' est I'intensité du champ magnétique dans la substance en essai

Note 1 a I'article: H' - H est aussi connue sous le nom de magnétisation MV (dipdle magnétique\par urfité de
volumgE) et désigne donc également la susceptibilité magnétique volumique.

3.2
paramagnétisme
propliété des substances qui provoquent une augmentation de/ lllintensité du champ
magnétique (X > 0)

3.3
diamagnétisme
proplliété des substances qui provoquent une diminution dé. l'intensité du champ magnétique
(X< 0 car H' <H)

3.4
suscieptibilité magnétique spécifique
rapport de la susceptibilité magnétique a la masse, déterminé comme suit:

X
)

ou
D ept la densité de la substance considérée, exprimée en g-cm=3, & 273,15 K, 101,3 kPa.

Note 1 a l'article: L'unité de\mesure de X, est donc le cm?®-g7". Elle est également connue sous le n¢m de
susceptibilité magnétique dexmasse.

3.5
suscieptibilité_magnétique molaire
Xm
produiit de<lassSusceptibilité magnétique spécifique par la masse molaire (M) de la subsfance

cons|déree!

ou
M est exprimée en g par mole (g-mol~1) (pour I'oxygéne, M = 31,998 8)
Note 1 & l'article: L'unité de mesure de X, est donc le cm3-mol~".

Note 2 a I'article: Les électrons déterminent les propriétés magnétiques de la matiére de deux manieres:

— un électron peut étre considéré comme une petite sphére chargée négativement qui tourne sur son axe. Cette
charge tournante produit un moment magnétique;

— un électron qui décrit une orbite autour d’un noyau produit également un moment magnétique.

C’est la combinaison du moment cinétique intrinseque et du moment cinétique orbital des électrons qui régit les
propriétés magnétiques d’'un atome ou d’un ion.
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Dans les matériaux paramagnétiques, la principale contribution au moment magnétique provient des électrons non
appairés. Ce sont la configuration des orbites des électrons et I'orientation de leur rotation qui déterminent le
paramagnétisme de la molécule d’oxygene et la distingue de la plupart des autres gaz.

Note 3 a l'article: Lorsque des gaz paramagnétiques sont placés dans un champ magnétique extérieur, le flux
dans le gaz est plus élevé que ce qu’il serait dans le vide, ce qui fait que les gaz paramagnétiques sont attirés vers
les zones ol le champ magnétique est le plus fort. A 'opposé, les substances diamagnétiques qui contiennent des
dipbles magnétiques qui rejettent certaines lignes de force du champ extérieur sont repoussées par I'application du
champ magnétique.

Note 4 a l'article: La susceptibilité magnétique molaire de I'oxygéne est inversement proportionnelle a la
température absolue. Selon Van Vleck [2], la susceptibilit¢é molaire de I'oxygéne peut étre déterminée
approximativement au moyen de I’Equation (4).

2
8L',LIB

Pour Iloxygéne, Xy="— (4)
3kT
ou
dst la susceptibilité molaire de I'oxygéne, exprimée en cm3-mol™";
L dst la constante d’Avogadro = 6,022 7 x1023 mol™";

Uy @stle magnéton de Bohr = 9,274 x10724A-m?;

k gst la constante de Boltzmann = 1,38 x10723J-K™";

T ¢st la température, exprimée en K (kelvin).

L'Equation (4) peut étre réécrite comme suit:

1010557

X_ = r x 107%cm3.mol™" (uniquement pour I'oxygéne).

Note § a l'article: Une explication compléte du paramaghétisme et du diamagnétisme peut étre trouvée daps les
ouvrages de physique et de chimie minérale. Les explications données dans le présent document sont destinées a
fournif aux utilisateurs d'analyseurs d'oxygéne paramagnétiques les bases leur permettant de comprendfe les
grandes lignes de la propriété physique utilisée.

3.6
analyseur a équilibrage automatique a méthode de zéro
analyseur qui utilise, comme .principe général de fonctionnement, le déplacement|d'un
dispgsitif contenant du vide ou(un gaz diamagnétique, dans un volume qui contient le gaz a
analyser siége d’'un champ(magnétique élevé et non uniforme, par le biais de la mesufe de
I’actipn de ce champ sur les molécules d'oxygene paramagnétiques

Note 1 a l'article: Voir Figure 1.

Elément de mesure

Source lumineuse

/Q | a déflection sur le corps

h
Courant de N
(rjetat_)llss;ament < soumis & I'essai est
u signa ,4 détectée par les cellules

de réaction . .
® %0, N photoélectriques

//Cellules photoélectriques

Amplificateur
IEC

Figure 1 — Systéme a équilibrage magnétique automatique avec courant de réaction


https://iecnorm.com/api/?name=2ca5925a0ce7338745ef01b666498ca8

- 38 - IEC 61207-3:2019 © |IEC 2019

Note 2 a I'article: L'élément de mesure emploie généralement un haltére en verre dont les spheres contiennent de
I'azote, suspendu a une bande de torsion entre des éléments polaires magnétiques ou aimants qui produisent un
tres fort gradient de champ magnétique autour de I'haltére. L'haltere est dévié lorsque des molécules d'oxygéne
pénetrent dans I'élément de mesure, une force étant exercée sur I'haltere par les molécules d'oxygéne qui sont
attirées dans la zone ou le champ magnétique est le plus intense. En utilisant un micromesureur a miroir, une
bobine de commande magnétique et une électronique adaptée pour générer un signal de réaction qui annule la
force de susceptibilité magnétique, il est possible d'obtenir en sortie un signal directement proportionnel a la
pression partielle d'oxygéne. Le transducteur peut étre maintenu a une température constante pour empécher les
variations de susceptibilité magnétique liées a la température de générer des incertitudes. En variante, des
capteurs de température incorporés peuvent étre utilisés pour assurer la compensation thermique de la valeur de
lecture de I'oxygéne. De plus, la température élevée présente une utilité dans les applications pour lesquelles
I'échantillon n'est pas particuliérement sec. Certains analyseurs sont congus pour que le capteur fonctionne a une
température de plus de 373,15 K (100 °C), afin de faciliter encore les applications pour lesquelles des condensats
se formeraient a une temperature inférieure. L’orientation du capteur paramagnethue peut egalement avoir une
|nC|de 10T SUl IIIIL:UII.II.UUU UU e oSurc UU IUAySUIIC \JUI.I.U IIIL:IUUII\.:C }JCUI. UI.IU \JUIIISUU d IdIUU U Ut GIHUIILII ne de
compegnsation utilisant, par exemple, un accélérometre tridimensionnel pour déterminer I'orientation du captelur par
rappoft a sa position lors de I’étalonnage. Ainsi, la nature mécanique de ce type d’appareils implique une,cgrtaine
susceptibilité inhérente aux mouvements vibratoires et gyroscopiques qui peut augmenter I'incertitudé.de-mesgure.

3.7
analyseur thermomagnétique

3.71
analyseur a vent magnétique
analyseur qui utilise la relation entre la susceptibilité magnétique let la température |pour
générer un débit de gaz induit magnétiquement qui peut étre mesuré par un capteur de débit

Note 1 a I'article: Le gaz échantillon passe dans une chambre congue de\serte que le débit soit divisé en deux a
I'entrée.

Note 2 a I'article: Voir Figure 2.
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Sortie de I'échantillon
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Figure 2 — Capteur d'oxygéne thermomagnétique

Les deux débits se recombinent a la sortie. Le capteur de débit est enroulé autour d'un tu
°f‘\ anviran

Note 3 a J'article: 2bi i

relie Ies.'deux branches. La moitié du tube de raccordement est placée entre les pdles d'un aimant puiss3g

capte' r do-débit - ast constituée—de—deux—bobines—de—fil nlanfnnun chauffées—a QRQ 15 K (Qn

passage d'un courant. Les molécules d'oxygéne froides sont déviées par le champ magnethue dans le tube

central. Leur susceptibilité magnétique diminue au fur et a mesure qu’elles se réchauffent (gradient de température

dans le tube) et d'autres molécules d’oxygéne froides peuvent pénétrer dans le tube de raccordement. Un flux

d’oxygéne parcourt le tube dont I'effet est de refroidir la premiére bobine (celle placée dans la zone de champ

magnétique élevé), alors que la température de la deuxiéme bobine du capteur n’est pas affectée par ce flux

transversal. Du fait que les bobines sont constituées de fil thermosensible (par exemple du platine) et connectées
le courant de déséquilibre résultant est une fonction pratiquement

ensemble a un pont de Wheatstone
proportionnelle de la pression partielle d’oxygéne dans le gaz analysé
Les analyseurs les plus récents utilisent des éléments de mesure plus élaborés, des résistances toroidales au lieu

du capteur de débit a deux bobines, et un systéme de régulation de température pour réduire le plus possible les
, les

changements de température ambiante

Cette méthode reposant sur le transfert thermique, la conductivité thermique des gaz résiduels influe sur la valeur

de lecture de l'oxygeéne. Il faut donc connaitre la composition des gaz résiduels. Dans ce cas également
récents apportent une correction par le biais de dispositifs de compensation

analyseurs de gaz plus
supplémentaires.
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La sortie des analyseurs thermomagnétiques n'est pas strictement linéaire et il est exigé de procéder a un
traitement supplémentaire du signal pour obtenir une sortie linéaire.

3.8
analyseur Quincke

3.8.1

analyseur a pression différentielle

analyseur qui utilise un systéeme de comparateur pneumatique établi a I'aide d'un gaz de
référence (tel que I'azote ou I'air) qui s’écoule

Note 1 a l'article: L'élément de mesure est congu de telle sorte que le débit de gaz de référence soit divisé en
deux l'entrée Ceos deux débits se recombinent en sortie 3 'endroit ot le gaz 3 annl\llcnr est égnlnmnnf mntroduit.
Un capteur de pression différentielle (ou un capteur de microdébit) est positionné a I'intérieur des deux flots de gaz
de réffrence, de sorte que tout déséquilibre soit détecté. Un aimant est placé a proximité de la sortie du“daz de
référence sur une des branches de I'élément de mesure, de sorte que I'oxygéne présent dans I'échantilign soit
attiré fans la branche en question, ce qui provoque une faible contre-pression détectée par le capteur*de prgssion
(voir Higure 3).

Accumulation dans cette zone
de molécules de gaz
paramagnétique causant

une augmentation

de pression Alimantation permanente ou

en régime pulsé du fait
de I'électre=aimant
*

T

Entrée du gaz
échantillon

Egaliseur de

débit de gaz EBE ‘ﬂ—’ \
N\

Capteur de pression
différentielle ou de débit

Entrée du gaz de référence .

Figure 3 — Capteur d'oxygéne a pression différentielle

Note 2 a 'article: Les analyseurs a pression différentielle sont indépendants de la conductivité thermique des gaz
résiduels et, comme seul le gaz de référence entre en contact avec le capteur, les problémes de corrosion sont
minimes. Certains instruments utilisent des champs magnétiques en régime pulsé pour améliorer la sensibilité a
I'inclinaison (position) et d'autres modéles compensent |'effet des vibrations.

3.9

zone dangereuse

zone dans laquelle une atmospheére explosive gazeuse est présente, ou peut étre présente,
dans des quantités qui exigent de prendre des mesures spéciales pour la construction,
I'installation et I'utilisation des appareils
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3.10
appareil auxiliaire essentiel
appareil sans lequel I'analyseur ne peut fonctionner dans le respect des spécifications

EXEMPLE: Systemes d'étalonnage, systéemes pour gaz de référence, systémes d'échantillonnage.

3.11

systéme d'échantillonnage

systéme d'éléments assemblés sur un panneau ou dans le boitier d'un analyseur ayant pour
but de transporter le gaz échantillon du point d'échantillonnage a I'analyseur et de présenter
I'échantillon de maniére a pouvoir réaliser des mesurages fiables

Note 1 a I'article: Les composants utilisés peuvent comprendre
— d¢s régulateurs de pression;

— de¢s débitmétres;

— d¢s régulateurs de débit;

— de¢s unités de filtration;

— de¢s pompes;

— de¢s vannes (manuelles et/ou électriques);

— d¢s pieges a condensats ou séparateurs;

— d¢s refroidisseurs;

— d¢s réchauffeurs;

— deés unités de séchage;

— de¢s unités de lavage.

Note 3 a l'article: Voir Figure 4 et Figure 5 pour des éxemples de systémes d'échantillonnage typeg. Les
exigerjces relatives aux systémes d'échantillonnage sontiprésentées de maniére détaillée dans I'lEC 61115 [3].
Ces cpmposants sont habituellement congus par l'utilisateur ou, plus souvent, par un fabricant, comme systeme
d'échgntillonnage, de sorte que les exigences relatives\a I'analyseur définies dans les spécifications se sithient a
I'intérieur de la plage de fonctionnement assignée.,Les exigences de conception du systéme dépendent ddnc en
grand¢ partie des conditions d'échantillonnage. Les variations de la pression de I'échantillon, de la températyre, de

la ch@rge en poussiére et de la pression dlautres gaz et vapeurs influent sur la conception du syjsteme
d'échgntillonnage final.
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