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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

elect

The

desc
diffe
editd

rotechnical standardization.

Fent types of ISO documents should be noted. This document was drafted in acéorda
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria riep

Htenance are

ded for the
ce with the

Attention is drawn to the possibility that some of the elements of this documént may be the subject of

patel

any j
on th

Any
cons

For
asseq
Barr

The
and ¢

This
techi

it rights. ISO shall not be held responsible for identifying any or all sueh-patent right
atent rights identified during the development of the document will be in the Introdu
e ISO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users 4
[itute an endorsement.

hn explanation on the meaning of ISO specific termis and expressions related to
sment, as well as information about ISO’s adherence to the WTO principles in tH
ers to Trade (TBT), see the following URL: Forewdrd — Supplementary information.

committee responsible for this document istISO/TC 92, Fire safety, SC 3, Fire thre
Pnvironment.

second edition cancels and replacés the first edition (ISO 19702:2006), whic
nically revised.

s. Details of
ction and/or

nd does not

conformity
e Technical

at to people

h has been

© ISO

2015 - All rights reserved


http://www.iso.org/iso/standards_development/processes_and_procedures/iso_iec_directives_and_iso_supplement.htm
http://www.iso.org/iso/standards_development/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=c1ea3ff4084567e5a3f945b74b1b1335

ISO 19702:2015(E)

Introduction

Sampling and analysis of fire effluents is required for a variety of applications in life threat[4][11][26] and
environmental impact from fires[é] assessments. The end result of these analyses is a list of chemical
species and their concentrations in the effluent at a specific time or over a time interval and at a specific
location, during (and possibly after), the period of generation of the effluents. Depending on the end
use of these data, the requirements may range from a highly detailed, time-resolved, quantified, and
validated list of chemical species to a simple estimate of a single compound or small range of compounds.

Although occasionally employing methods used in other fields (e.g. atmospheric pollution), obtaining

relevant daga—eften—requires—specialized—samplingand—analysis—techniques—due—to—the—complexity,
reactivity ahd generally “hostile” nature of typical fire effluents, as well as the commonly gbSgrved
rapid changgs in concentrations with time and distance from the fire source.

The following typical properties of fire effluents render more “traditional” methods of sampling and
analysis inappropriate:

— high temperatures of 1 000 °C or higher;

— presende of aerosols (i.e. solid and liquid particulates) with a wide rahge of particle sizeq and
distribytion, together with adsorbed and absorbed chemical species;

— presende of condensable organic and inorganic vapours (e.g. water);
— high tubulence, with spatially and temporally variable concentrations;

— averywide range of species and their concentrations, typically varying rapidly with time and locption
with regpect to the fire source (or heating zone in the case of a “bench-top” physical fire model)}

— presende of acidic/corrosive species;

v

— presende of water soluble species and/or or highly reactive species resulting in sampling lossq

The identification of these factors has led fo,the development of new methods or the adaptatipn of
existing methods for the sampling and analysis of the gases and vapours in the effluent from fire$ and
physical firg tests.

Common mé¢thods have emerged in'tecent years, and in some cases, standards have been publishgd for
selected gases and vapours. Much.of this information is provided in ISO 19701, which presents a valriety
of methods|for the samplingsand analysis of individual gases of toxicological importance. Seyeral
methods ar¢ often needed«to determine all the species of interest for fire hazard analysis.

Fourier Trapsform Infrared (FTIR) spectroscopy offers an improved procedure, principally through:
— single-methodimeasurements of gases and vapours relevant to fire toxicology;

— time-refolved measurements over relatively short periods (i.e. concentrations of chemical spgcies
of interest), enabling the monitoring of chemical Species development and decay throughnout the fire
or physical fire test; and

— relevant data concerning the presence of a toxicant which may be found in the stored FTIR spectra,
in case a new toxicant should later be identified as important.

Although when published, ISO 19701 summarized the technique and some applications of FTIR in fire gas
analysis, the method has since undergone considerable development and the requirements for obtaining
reliable results have been established, using “best practice” procedures. This International Standard is
developed by ISO TC 92, SC 3 to provide the requirements, which will include additional information.

FTIR can be used to analyse fire effluents using these two methods:

a) open path analysis, where the infrared beam is directed across the effluent within and/or outside
the fire test apparatus;

vi © ISO 2015 - All rights reserved
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b) extractive analysis, where a fraction of the effluent from a fire test apparatus is drawn continuously
through a heated sampling system through the gas cell of the FTIR instrument, enabling remote
measurement (e.g. IMO Resolution MSC.307(88)[2]).

Both procedures (and variants) have been successfully applied although the extractive analysis
technique is far more common in fire effluent analysis.

Of particular relevance in the development of FTIR as a practical tool in fire gas analysis is SAFIR (Smoke
Gas Analysis by Fourier Infrared Spectroscopy), a European Union-funded project[181[19] which focused
on the testing and validation of an extractive FTIR method when used in a variety of situations. The
results of this project formed the basis for the first version of this International Standard. This revised
VerS. ras-beerrupdated-withmore-recentinfornmation—eesReferences nd[ﬂ]

It should be appreciated that any chemical analysis is selective in terms of chemical species|determined
and the accuracy and precision of quantitative measurements. Some chemical analytical methods may
be appropriate for accurate determination of some species but less appropriate ferlother species. Thus,
despjte the ability of FTIR to measure a wide range of chemical species of jiterest in the field of life
threat from fire, additional methods may also be required to determine all\the species of| interest for
a pafticular application. However the use of FTIR analysis alone can pravide data of suffi¢gient quality
to identify and calculate the concentrations of many of the chemical speCies that are imporjtant in toxic
hazafd assessment.

© 1S0 2015 - All rights reserved vii
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Guidance for sampling and analysis of toxic gases and
vapours in fire effluents using Fourier Transform Infrared
(FTIR) spectroscopy
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Calibration methods are provided in this International Standard. Guidance is also given on the
recommended cleaning, servicing and operating checks and procedures to be carried out on the FTIR
instrument and the sampling systems which are considered essential to maintain the instrument in a
suitable condition for use in fire effluent analysis.

Sampling is considered to be an integral part of the whole FTIR measurement methodology and
recommendations are made for the design, maintenance and operation of suitable systems.

Conformance with this International Standard implies that:

— The sampling procedure used is in accordance with current internationally accepted “best practice”

for the applications described.

© ISO 2015 - All rights reserved
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— The analytical procedure has been carried out with due regard to the restraints imposed by the
nature of the fire effluent atmosphere and the limitations of the FTIR methodology itself.

This International Standard only provides general recommendations for the sampling and analysis
of fire effluents, based on best practice as determined from a wide variety of small- and large-scale
standard and ad hoc fire test studies. The Standard may not be wholly applicable for use in specific
published fire test methods where FTIR may be specified as a requirement for effluent sampling and
analysis in that particular test. In these cases, the specific requirements for the sampling and analysis
by FTIR may be published within the standard test procedures and should be followed. However, if such
specific requirements have not been published, this edition of this International Standard may be used
as a basis for acceptable results.

2 Normative references

The followipg documents, in whole or in part, are normatively referenced in this document angl are
indispensablle for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 6286, Mplecular absorption spectrometry — Vocabulary — General — Apparatus

ISO 6955, |Analytical spectroscopic methods — Flame emission, atomic absorption, and atomic
fluorescencd — Vocabulary

[SO 12828-1f, Validation method for fire gas analysis — Part 1: Limits:of detection and quantification

ISO 13344, Estimation of the lethal toxic potency of fire effluents

ISO 13571, Life-threatening components of fire — Guidelings for the estimation of time to compromised
tenability in|fires

[SO 13943, FKire safety — Vocabulary

ISO 19701, Methods for sampling and analysis offire effluents

3 Termsand definitions

For the purgoses of this document, the terms and definitions given in ISO 13943, ISO 6286, and ISO §955,
as well as the following apply.

31

apodisation

mathematicpl process\to correct deviations from the theoretical interferogram obtained in [FTIR
spectroscopy

Note 1 to entfy:This process widens absorption bands and therefore lowers the resolution.

3.2

interferogram

pattern of variable radiation intensity resulting from the interaction of (usually) two beams of
monochromatic electromagnetic radiation of the same wavelength when the beams have travelled over
a different path length before combining

3.3
resolution

capacity of a spectrophotometer to distinguish between two adjacent frequencies (or wavenumbers),
mathematically defined as that separation which produces two bands which are separated by at least
half the intensity of one of them

Note 1 to entry: In infrared spectroscopy, two consecutive bands often have a different intensity. Then, resolution
is generally expressed as the width at half height of a single absorption band recognized as “isolated and thin”.

© ISO 2015 - All rights reserved
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Note 2 to entry: This is commonly expressed in units of cm-1 and is the smallest spacing between absorption
peaks that can be resolved.

[SOURCE: ISO 6286]

3.4

spectrophotometer

instrument used to disperse electromagnetic radiant energy into a spectrum and measure certain
properties such as wavelength, energy, or index of refraction, for example, as the basis for the qualitative
and quantitative determination of chemical species which interact with the radiant energy in selective
ways dependent on the species

3.5
truepess in wavelength
ability of a given spectrophotometer to provide an accurate radiant flux at a spe¢ific wgvelength or
wavénumber

[SOURCE: ISO 6286]

3.6
wavéeénumber
inverse of the wavelength (A) of electromagnetic radiation

1
Note [l to entry: v = I

wherp v (wavenumber) is expressed in reciprocal centimetres){¢cm-1) and A is normally expressegdl in um. This
entails a conversion factor of 10 000 in the calculation of watenumber from wavelength.

3.7
zerolfilling
corre¢ction technique applied to sparse data-to enable intermediate data points to be genjerated by a
matHematical regression

4 Principles

A syf$tem for measuring concéntrations of gases and vapours in fire effluent by the extfactive FTIR
technique consists of a sampling system, a “flow-through” optical cell, an infrared light source, an
interfferometer and an ,optical detector. Software is required to extract species identification and
concentrations from the-eollected signals.

The [sampling system is designed to deliver a gas flow to the FTIR optical cell that [s as true a
representation ‘as*possible of the effluent in a known region from which the sample is extracted.
Inac¢uracies, caused for example, by condensation or adsorption losses in the sampling tubing must be
understoad,)quantified and applied to the final results.

A detailed description of the principles of infrared spectroscopy and FTIR is provided in| many texts
including References [12], [16] and [28]. Annex A gives the general outline of this principle.

The mathematics by which an FTIR spectrophotometer generates species concentrations is typically
proprietary and varies among manufacturers and models. Obtaining accurate concentrations requires
calibration, examination of the spectroscopic peak shapes and separations, and perhaps verification of
some concentrations using a second analytical technique.

5 Sampling

5.1 General

The requirements for the sampling systems given in this International Standard are in most cases
generally applicable both for large-scale and small-scale testing but details of sampling requirements
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for specific tests are not included. This detail is to be provided with the Standards which describe these
specific tests. Parts of the sampling system to be designed for a specific test apparatus or sampling
location within that apparatus include the sampling probe and the filter, the length and maintained
temperature of the sampling line and the sample flow. These sampling parameters are normally
specified to match the volume and geometry of the optical cell in the FTIR spectrometer.[18][19][25][27]
Examples of sampling systems are given in Annex B.

The sampling probe is designed to extract fully representative samples from the test apparatus and/or
the fire effluent stream and be constructed from material/s which will be inert to the effluents being
measured. Guidance for probe design is provided in 5.4.

FHR cell.

The fil il 1L PR Lholl . ioloo o i3 4 i ; il
e Il ter 1 LIIc oaulyuus LdIIT olldll CLAaptul T pdl tILITS tU adavVUIU UTPUSILS U TUL S 111 tiIT

Guidance fof the selection of filters is provided in 5.3.

The design|of the sampling line and the flow characteristics affect the time of the coneentrption
measurements. Guidance for sampling line design and sampling flow selection are providedsin 5.5 tpo 5.7.

The cell voliime and geometry set restrictions on the sample flow used and thus on.the time resolfition
of the measurements and uniformity of the gas in the optical cell. Guidance\for cell selectipn is
provided in|5.8.

For safety reasons, the extracted and analysed gases are to be returned,tdthe exhaust duct of the fire
test fixture jor otherwise disposed of in a safe way that does not endanger personnel and to a locption
that does n¢t disturb measurements. With a standard test which h@s‘a requirement or option tp use
FTIR gas anplysis, it is anticipated that this International Standard\will provide specific requirenpents
for the safe disposal of the effluent stream after measurement’(e.g. whether the effluents will be
recirculated or safely discharged elsewhere).

The requir¢ment for each part of the sampling system' is described separately in the following
subclauses. [Annex M gives examples of proprietary FFIR equipment and sampling systems that|have
been proved to be suitable for fire effluent analysis.

NOTE Sqmpling in large-scale tests such as.im }SO 9705 and in large open calorimeters (ISO 24473) is
described in Reference [3].

5.2 Temperature of the sampling'system

5.2.1 Theampling system shall be heated to a temperature which shall be set between 150 °C and the
temperaturg of the gas cell (recommended maximum 190 °C).

5.2.2 Thetemperature ofthe entire sampling system shall be kept at an even temperature and npt be
higher than fthe gas cell témperature to avoid condensation in the cell.

NOTE1 Itfis impettant that the gas in the sampling system is heated to a temperature as close as possiple to
the set-tempe¢rature of the sampling system. A procedure for checking the gas temperature in the optical ¢ell is
given in E.1.

The temperature of the system should optimally be even but the most important condition is that the
temperature of the gas cell is the highest in the sampling system.

The temperature shall be high enough to prevent condensation and losses due to the dissolving of
soluble fire gases from the sample. The whole sampling system shall be kept at a minimum temperature
of 150 °C, although the recommended temperature is 180 °C.[18][19]

NOTE 2  The temperature must not exceed 200 °C at any point between sampling point and gas cell, as chemical

reactions between components of the sampled fire effluents could lead to a modification of gas composition
above this temperature. Nitrogen oxides are particularly sensitive to this parameter.

4 © IS0 2015 - All rights reserved
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5.3 Filter systems

5.3.1 A gas cell with internal mirrors shall be protected from soot/particle deposition from the
sampled effluent, with a particulate filter.

5.3.2 The filter shall normally be placed directly after the sampling probe and prior to the heated
sampling line.

5.3.3 The filter shall be uniformly heated in a housing to prevent condensation of liquids
NOTH

in sig
profi

OrTect placement of T1Iters In the sample train 1s Impor tant, Since mcorrect Hiter placemgnt can result
hificant sample losses (e.g. through gas adsorption on particles) which leads to distorted conceijtration/time
es of the measured species.
NOTH

2 For certain designs of filter and housing, placing the filter directly between thelprobe and the sample

line g
thoug
diffeq
cond

an in some cases cause problems in the early stages of a compartment fire test\ The filter 1
h heated externally may be cooled internally by the cool sample gas stream:-A significant
ential may then develop between the internal filter medium and the heated filter housing.
tions favourable for the condensation of water, water-soluble acid gaseS-and as well as high

hedium, even
temperature
This creates
boiling point

vapoWlirs within the filter medium. The trapped gases may be released as thefilter medium temperatyre increases,

furth
numbk
prior]

5.3.4
of th

NOTH

5.3.5

NOTH
impo
and 9
for cy

Glas{
avoid

er distorting the concentration histories. To avoid this, a sufficientlydong sample line, with th
er of heated segments can be used to preheat the sample gases’to the intended sample line
to contact with the filter medium.

The filter shall be heated to a temperature which shall be set between 150 °C and the
b spectrometer gas cell.

The recommended maximum temperature of the spectrometer gas cell is 190 °C.

The type of filter recommended is a\cylindrical filter as opposed to a plane filter.

A cylindrical filter has a largélarea which gives a high filtration capacity and this
rtant for the primary or pre-filter. Cylindrical ceramic filters with a length of 75 mm, a diamg
porosity of 2 pm have been succéssfully used in various types of fire tests.[13][14][18] Alternat
lindrical filters are polytetraftuoroethylene (PTFE), glass fibre, and stainless steel.

wool, ceramic, and stainless steel filters could induce losses of hydrogen fluoride ar
led in the samplingtrain when hydrogen fluoride is likely to be present in the effluent

P appropriate
temperature

femperature

is especially
ter of 31 mm
ive materials

d should be
Stream.

The porosity and size of the filter shall be chosen as a compromise between sufficient entrapment of soot

and

5.3.6

NOTH

ther particlewithout premature clogging of the filter, using the above recommendatior

Plane.surface filters may alternatively be used.

1" “\Plane surface filters generally have a lower filtration capacity compared to cylindricg

more

1S as a guide.

I filters with

likelihood of early blockage occurring. These can, however, be used effectively as secd

ndary filters

following a cylindrical pre-filter.

NOTE 2

Where no pre-filter is used, a 1 um porosity, 47 mm to 75 mm diameter filter is the best compromise

for plane surface filters (compared to 0,45 pm and/or 5 pm for PTFE), although other porosities and diameters
may be successfully used.[18] Alternatively, 1um or 2 pm stainless steel filter has been reported to be successful.
Stainless steel filters can be cleaned and regenerated by calcinations. References [15] and [21] provide details on
filters selection.

5.3.7 Filters shall be analysed for the presence of acid gases if these are to be measured and losses in
the filter can be expected.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=c1ea3ff4084567e5a3f945b74b1b1335

ISO 19702:2015(E)

NOTE1 Acid gas losses in the filter are due to adsorption onto the soot and or liquid particles in the fire
plume or onto the soot retained by the filter. The adsorption losses are especially important when measuring low
concentrations of acid gases or when sampling over a short time period. Under these conditions acid gases may
initially be removed from the sampled effluent stream until the adsorption sites in the filter become saturated.
After this stage most of the acid gas component will be passed on to the sampling line. This results in a spurious
release of acid gas from the filter over time which does not accurately follow the release of the acid gases from
the sampled atmosphere. To estimate these losses, a procedure to analyse the gases retained on the filter is
given in Annex C.

NOTE 2 Analysis of losses of hydrogen chloride (HCI) in filters was made in the SAFIR project.[18] The chemical
analysis of the filters in door opening measurements in ISO 9705 test chamber experiments showed that there
were low losses (losses of between 0,4 %and 1,3 % relative to the total sampled amount) of HCI in cylindrical

ceramic filte
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concentratio
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establishat
when the t(
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gases evoly
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It shiould be noted that some filter materials can contain ¢hlorine. The chlorine content of a

FS. A slightly greater retention of HCI was seen for a planar glass fibre filter (l0SSes of Def
elative per cent). In both cases the higher relative losses of HCl were found when the mea
1 of HCl was low.

Fue time/concentration profile of the acidic species in the sampled fire atm@sphere. How
tal amount of gas produced during the combustion is required, the'quantity meag
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alysed on the filter should be considered in order to estimate the potential effect o
n/time data.

' should be measured to provide a baseline for the;determination of the level of adsd
m the fire gases.

ling probes

eral

f probes can be distinguished: “single-hole” and “multi-hole”. The choice depends o
e model from which the sample is being extracted in order to obtain a represent
ffluent. Examples of the two types of probes are shown in Figure 1.

Dimensions in millinj

9]

0

0
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tured

b of absorption onto the filter has not been characterized and it is therefore difficylt to

ever,
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rlean
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NOTE

9]

>

inner diameter

An inner diameter of a single-hole probe of 4 mm has been shown to work effectively.[18]

Figure 1 — Schematic of multi-hole and single-hole probes for sampling in an exhaust duct
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5.4.1.1 The probe shall be made of material resistant to corrosion and must not otherwise react
significantly with the gases to be analysed.[18][19]

NOTE 1

NOTE 2

PTFE or perfluoroalkoxy polymer (PFA) is recommended as the contact material for the effluent stream.

A probe of PTFE is generally inert and would have a low potential for causing losses. The flexibility of

the material could be a disadvantage in certain applications, for example where precise positioning is necessary.
A further disadvantage is that PTFE is not suitable for higher temperatures, as high temperatures influences the
material properties and at sufficiently high temperatures thermal degradation occurs.

NOTE 3

Quartz and/or stainless steels can be used for some effluents, but react with hydrogen fl

uoride (HF).

NOTH
efflug
exam|

NOTH
tube

volta
probgq

5.4.1

4 A stainless steel probe placed 1n a position with initially a temperature lower than
nt may cause condensation of products including water. This will lead to sample losses,
ple of a gas species prone to losses being hydrogen chloride (HCI).

5 A practical probe can be constructed using stainless steel tubing lined with\a-narrow

be electric current through the metal tube) and the PTFE or epoxy lining wilkfurther reduce
e surfaces.

.2 The probe shall be cleaned before each test to ensure that thie holes do not becomg

whollly blocked

5.4.2

5.4.2
appr

5.4.2
prob
specf

5.4.2

NOTH
assuf
and i
unifo
of thg
gaseq

5.4.3

5.4.3

Single hole probes

.1 Where the effluent stream is likely to be well mixed/homogenous a single-h
Dpriate

.2 In the case of a flow-through type of physical fire model (e.g. a tube furnacelZl), th
e takes a proportion of the total homogenous flow from the apparatus and directs it
rometer. A single-hole probe is therefore appropriate for such applications

.3 The internal diameter of the extraction probe shall not be less than 3 mm

A single-hole probe-is_tised in many standardized test procedures where the efflug
hed well mixed and homogenous e.g. Reference [9]. However, due to stratification effects in fi
h extract ducts wherelaminar flow is present, (i.e. leading to poor mixing) the gas concentrati

single-hole probeZln these situations the use of a multi-hole probe is appropriate where the
can sampled,over a more representative area.

Multi‘hole probes

the sampled
hin important

br-bore PTFE

or lined with epoxy resin. The stainless steel tube will facilitate direct ohmicheating (i.e. passing a low

losses on the

e partially or

ble probe is

e extraction
to the FTIR

nt stream is
ire chambers
n may not be

rm over the chamber“or duct volume and the measured gas concentration is thus dependent o the position

non-uniform

., When stratification is present in the effluents from the fire, a multi-hole probe is

preferred to

obta

T d TEPTESENtative sampte fronracross the stratified fayer:

5.4.3.2 A minimum hole diameter of 3 mm is recommended for multi-hole probes for most applications.

5.4.3.3 The holes in a multi-hole probe shall be directed downstream in the effluent stream to avoid
direct impingement of soot particles and thus reducing the possibility of blocking of the holes.

5.4.4 Probe positioning

5.4.4.1

In order to avoid perturbation in the effluent, the rate of volumetric samplin

g shall be a

small fraction (<25 %) of the total flow rate in flow-through apparatus or the total volume in a fixed
volume apparatus.
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5.4.4.2 A single hole probe shall be positioned where the flow of effluent is not turbulent (but where
the effluents are well mixed). Positioning of the probe shall be considered for each physical fire model,
taking into account the effect of stratification and/or the velocity profile in flow tubes in addition to the
end use of the data, which in some cases may require sampling from the effluent stream close to and/or
at a distance from the effluent source.

5.4.4.3 With a multi-hole probe a gradation of hole sizes along the length of the probe and placement of
the probe such that it crosses the fire gases monitored can be used in large scale fire tests. A simpler but
less precise method is to place a single-port probe in a well-mixed location in the relatively well-mixed

upper layers of the effluent. For detailed information of sampling in large-scale tests, see Reference [3].

NOTE1 M
measured co
traditional v
particle imag
between the
separating th
given in Refe

NOTE 2
fire intensityj
growth is rel

burning rate].

NOTE3 It
difference oV
components

5.5 Samp
5.5.1 The

5.5.2 Are

NOTE1 Vg
sampling ling

NOTE2 A
gases. An inf
long enough

been used su
onto the wall
disadvantagg

NOTE3  S3
filtration sys|

The exit flow in enclosure fire tests varies during a test. The rate of the exitflow grows with incre

pasurement of the volumetric exit flow is necessary whatever probe type is used in order tocc

test enclosure and outside and the height of the neutral plane (i.e. a virtual horizontal
e outgoing effluent from the clean incoming air) in the stratified case. An example'of this met
rence [22] and more details can be found in Reference [20].

and the position of the neutral plane may stabilize during the “steady-state” period where th
htively stable (e.g. due to ventilation control of burning rate rather than fuel involvement confj

is often not possible to directly measure the exit flowusing velocity probes as the pre
er the opening is relatively small and the often turbuléht’outflows in the opening have ve
n directions other than the normal direction to the exit/plane.

ling line
sampling line shall be non-reactive with.the gases to be analysed.

hdily replaceable sampling line i$ preferred.

rious materials such as PTFE;\PFA, and PTFE-lined stainless steel have been found suitab
S.

heated gas sampling liie)with a fluorocarbon such as PTFE or PFA offers the best resistance t
er diameter of 3 mmfo 4 mm is suitable. The length should be as short as possible, yet shou
fo preheat the sample gas to the cell temperature. Sample line lengths between 4 m and 20 m|
Ccessfully[31[25]'although sampling problems due to the adsorption of gases, particularly acid
5 of the sampling line, together with soot build up is more likely with a longer sampling line. An|
with a lofhg sampling line is the back-pressure that increases with the length.

turatign behaviour for adsorbed species within the sample line is also possible as described fi
tems> This implies that a sampling line which has been pre-aged with acid gases will adsor

acid gases d

vert

hcentrations to total flow of gas species from a test enclosure. The exit flow can be measured using
blocity probes such as pitot tubes, McCaffrey probes[23] or more advanced optical mnethods e.g.
e velocimetry. An alternative method is to calculate the exit flow based on the pressure difference

lane
odis

asing
e fire
rol of

ssure
ocity

le for

b acid
1d be
have
rases,
other

r the
b less

ring camp]iv\g than a pr‘icfiv\n line. Howevzer this bn]'\qvinur has not bL\DI"I f‘]’\')!"'}lf‘tﬂl";'7ﬂd 'Jhd 4

hus a

recommende

NOTE 4

d method of ageing the line is not available.

Multiple heating circuits are recommended for fire effluent sampling where the temperature of the

sampled gases changes as a fire develops. Separate heating circuits are needed for each section of a heated
sample line to maintain the desired temperature profile along the entire length. The controlling thermocouple/s
should be positioned in the centre of each thermostatted section. If only one heating circuit is used, the upstream
end of the line will be significantly colder than the mid-section when sampling cool air in the early stage of
fire development. As the fire develops; the hot point of the heated sample line moves downstream. For a multi
thermostatted heating line, the amount of heat applied to each circuit per foot of sample line is dependent on
the temperature of the gases being sampled. The thermostatted section of the heated sampling line furthest
upstream line (i.e. close to the sampling probe where fitted) should be no longer than 1 m, as significant acid gas
losses can occur over even a very short section of poorly heated sample line.

5.5.3 The sampling line shall be cleaned with a frequency depending on tests performed.
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NOTE1 The need for cleaning the sampling line is based on two performance criteria: 1) the flow performance
of the line, i.e. the observation of increased back-pressure from the line and consequent reduction in flow rate; and
2) the contamination level of the line which is monitored by background measurement of the measurement system.

NOTE 2
a)

The following procedures have been found effective for cleaning sampling lines:

Connecta pressurized 150 psi nitrogen or air supply to the end of the sampling line and “back-flush” (i.e. with
the flow in the reverse direction to the normal sampling direction) to remove collected particulate matter.
Due attention must be given to the safety issues surrounding the use of high pressure gas lines. It has been
found that a small crumpled spherical pellet of paper (“spitball”), with an outside diameter smaller than
the sample line, inserted into the tube can assist this process by scraping the walls of the tube as the paper
passes along it. This method is also effective in clearing completely blocked lines.[25]

IIf the spitball method is not effective, back-flush the line for a first time with deionized wdtey, if the line is

very blocked. A large Luer-tipped syringe with an appropriate adapter may be used.

b)

Alterpatively: 1) let the line stand with the water inside for at least 1 min; 2) then purgé it with fresh water; 3)
wash| the line for a second time with a solution of 50 % ethanol in water; 4) wash the\line a third time with a
solutjon of 50 % acetone in water; and 5) dry the line with a flow nitrogen or air.

5.5.4 The sampling line shall be heated to a temperature which shalllbé set between 150 °C and the

temperature of the gas cell (recommended maximum 190 °C).

NOTE1  Multiple thermostatted heated line segments controlled by, thé.same number of temperatufe controllers
may be needed to keep each section of the sample line within the re¢ommended temperature range.[25]

NOTE 2
a)

b) $tart the sampling pump at the specified flow rate;and wait until the system stabilizes.

The temperature profile along the sampling train can’be measured as follows:
Insert a thermocouple at the open end of the sample lifie to allow it to reach the entire length of the line.

c¢) INote the temperature through the length ofi\the sample line and adjust the temperature set
lemperature controller as required.

point of each

NOTE 3  Various methods have beensfound suitable for heating, including direct ohmic heatjng (i.e. with

stain

ess steel tubing, passing a current directly through the tube at low voltage), proprietary hea

heatipg tracer wire. These heatingJines will have an external layer of thermal insulation (e.g. gl
glass|fibre tapes, flexible ceramid/clpth tubing and/ or ceramic cloth lined silicon-coated tubing). Cu
line dptions are available commercially that are PTFE-lined, flexible, insulated, with a weatherpra

ting tape and
ass wool and
stom heating
of, thermally

robug§t covering. The whole §ystem can be controlled by commercially available temperature contrdllers.
5.6 | Pump selection, position, and flow rate
5.6.1 The sampling pump can be of “pushing” or “pulling” type.

A pump can-either push or pull the gas sample through the FTIR gas cell. Examples of the two main
:)aches to samphng system de51gn (1 e. pump pushlng or pump pulhng ) are presente in Annex B.

cell pressure resultlng in more accurate concentration measurements and a constant flow rate through
the sample cell throughout the life of the filter, resulting in more accurate gas concentration histories.
Alternatively if the gases are pulled through the FTIR gas cell, the gas cell pressure will drop during the
life of the filter, if the pump flow rate is maintained. This can be a major source of error, particularly
for gases with nonlinear calibrations. In both cases leakage is possible particularly between a clogging
filter and the pump, so pressure tests should be performed after each filter change.

A motor-driven high temperature bellows-type pump should be selected for pushing sampled air to
the gas cell. These pumps will not contaminate the sample and the pump “head” can be placed in a
thermostatted chamber with the driving motor positioned external to the thermostatted chamber.

5.6.2 The pump flow rate shall be selected based on the specific measurement system and the test
requirements.

© IS0 2015 - All rights reserved 9


https://standardsiso.com/api/?name=c1ea3ff4084567e5a3f945b74b1b1335

ISO 19702

NOTE 1

:2015(E)

The volumetric flow of the sample gas through the FTIR is selected after consideration of a variety

of parameters, including: the volume of the cell, the degree of turbulence within the cell, the temperature of the
sample gas, the rate at which the concentrations of the species changes during the experiment, the efficiency of
the soot filtration system and the length and volume of the sampling line.

NOTE 2

significant pressure drops in long lines and to reduce blockages.

The diameter of the sampling line is chosen based on the parameters mention above, to avoid

5.6.3 The flow rate of the extracted effluent shall not perturb the studied test or experiment and shall

be low enou

NOTE

gh not to affect the gas concentration in the test apparatus.

enough to ac
function of th
to determine|

5.7 Resp

5.7.1 A small volume gas cell is generally desirable for time-resolved combustion’ and fire gas an:

to ensure ra

NOTE 4
instrumentat
volume custd

5.7.2 The
NOTE1 A
NOTE2 Di

set-up for engd

NOTE3 F3
line; 2) the in
element(s); 4

With rncpnr‘f to 563 the flow rate of the combustion gases drawn into the cycfﬂm must bhe

hieve the desired time of 90 % response, from sampling probe to analyser, termed “tgg”. Th
e flow rate and the internal volumes of the filters, tubing and gas cell. See Annex D for the-proc
response times.

pnse time of the sampling system

pid throughput and measurement.
M long path length cells are available with internal volumes as snfall as 160 ml on commercial

ion; 2 m long path length cells are available with internal volumes as small as 90 ml. Even sn
m cells can be obtained while maintaining long path lengths.

response time for the sampling system shall be deteymined.
protocol for the empirical determination of the response time is summarized in Annex D.

fferent equipment in different laboratories makes it impractical to specify a single experim
uring acceptable response time for FTIR measurements.

ctors influencing the response time are?1) the length and internal diameter of the heated san{

the sample flow rate; and 5) the presence of any cold spots in the sample train.
al cell

gas cell shall have'an‘internal volume that gives an acceptable response time.

e Annex D for’pesponse time and Annex E for considerations for optical cell performance.

gas cell.shall have an optical path length that allows acceptable detection limits.

eAnnex E for the influence on detection limits from the optical path length.

high
sisa
bdure

lysis

FTIR
haller

ental

pling

ternal volume of the measuring celkand filtering element(s); 3) the geometry of the cell and filgering

5.8 Optig
5.8.1 The
NOTE Se
5.8.2 The
NOTE Se
5.8.3 The
NOTE 1

gas cell shall be made of inert material that is resistant to the fire gases measured.

Nickel or synthetic silica is often used as internal coating of a cell body made of aluminium. However, it

has been shown that nickel-coated aluminium can fail rapidly unless it is ensured that the coating is of sufficient
thickness. Caution and frequent checking have to be taken using this type of equipment.

NOTE 2

Potassium bromide (KBr) cell windows are not appropriate for fire gas analysis as they are sensitive

to moisture. Zinc selenide (ZnSe) has a high thermal resistance and is transparent over a usable spectral range
of 650 cm~1 to 4 500 cm-1 and is resistant to water. ZnSe cell windows are available with additional coatings to
make these windows even more resistant to water.

5.8.4 The

10

gas cell shall be heated to a minimum of 150 °C.
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NOTE A recommended maximum cell temperature is 190 °C as fittings and gaskets can be degraded over
time at higher temperatures.

5.8.5 The temperature and pressure in the gas cell shall be recorded throughout the fire test
and corrections made for any changes that take place during the fire test. See Annex F for detailed
requirements.

5.8.6 Itis essential that calibrations are made at cell temperatures, pressures and flow rates as close as
possible to those used for measurements in the fire tests. See Annex F for detailed requirements.

NOTE_1l__ Some FTIR software programs allow the logging of the cell temperature and pressure with each
acquired spectrum and correct the concentrations for pressure and temperature.

It is jmportant that both the cell pressure and temperature are kept constant (see-Annex F) as these
affedt the intensity and shape of the spectra. If the temperature or pressure in)the gag cell during
meagurements in a fire test cannot be maintained at the same value as thosg.used when collecting
calibjration spectra, then a correction should be made for this difference When calculating species
concentrations. This correction can be made using the universal gas laws, However, the dorrection is
valid only for limited variation in pressure and temperature. This correction might not b¢ completely
effective in every case due to nonlinear changes in the shape of spectra'with pressure and temperature,
see Reference [17].

5.8.7 The gas cell shall be well maintained to keep its opticdlipérformance.

NOTH Procedures for maintaining the gas cell are given in‘Annex F.

6 The FTIR spectrophotometer

6.1 | Spectrophotometer environment

The $pectrometer must be located in-a-stuitable environment to ensure correct and stable operation.
The Jocation must be free from vibration, extremes of ambient temperature and humidity. Access to all
part$ should be unobstructed.

NOTH General information on’an acceptable FTIR spectrometer location and installation cap be found in
Refenence [10].

6.2 | Detector
The ¢hoice of the-detector depends on the requirements of sensitivity, response time and limitjof detection.
NOTH Mercury cadmium telluride (MCT) detectors are faster and can provide a sensitivity of yp to 10 times

that ¢of a Dedterated tri-glycine sulfate (DTGS) detector. However, MCT detectors are more nonlinepr than DTGS
detedtors. See Annex G for details.

6.3 IR-source

Two types of source are frequently used, the “Nernst” source or the “Globar” source. Both types can be
used for the purpose of this International Standard.

6.4 Mirror alignment and cleanliness

In order to maximize the sensitivity of the spectrophotometer-cell combination the mirrors shall be
properly aligned and the internal mirrors and optical window at the entrance of the IR beam should be
kept clean and in good condition.

NOTE Auto-alignment systems that optimize the gain through the optics, are often provided by the
manufacturer.
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6.5 Spectrophotometer compartment

The intensity of the IR beam generated by the interferometer is subject to attenuation by the atmospheric
carbon dioxide (CO2) and water vapour in the surrounding environment which could change during
use. To limit this effect, instruments may be purged with nitrogen.

NOTE
gas.

6.6 Spectral range limits

A filter can be added to remove remaining trace concentrations of water and CO in the nitrogen purge

The spectr
range of 65

NOTE1 In
window, and
range of 650

NOTE2 Fd
experimenta

6.7 Resol

A resolution
although a d
compounds

It is the resj
for the anal
measureme

The resolut|
should be th

NOTE Sq

7 Calibr
7.1 Back;

7.1.1 Excq
the detector
instrument
as the speed

tTange used determines WHICIT Species can be rdemntified and quantified: A wavenu
cm-1to 4 500 cm-1is recommended.

practice, the range is limited by transparency properties in the infrared beam splitteriand g4
cm-1to 4 500 cm-1.

r quantitative analysis, calibration spectra are collected using the same,spectral range 4
spectra. For details of calibration techniques, see Clause 7, Annex [, and Asinex J.

ution

of 0,5 cm~1 or finer is recommended for minimization of/interferences in fire gas ana
oarser resolution (>0,5 cm™1) is allowed as long as spectral interference from overlay
are identified and corrected for by the software.

onsibility of the operator to ensure that the reselution of the FTIR instrument is adeq
ysis undertaken. This shall be confirmed by the use of a separate quantitative analy
nt of the effluent, according to ISO 19701.

ion, sample gas temperature, cell temperature, cell pressure and apodisation fun
e same for calibration spectra and-éxperimental spectra.

e Annex G for details regarding resolution.
ation

sround noise

ssive background noise could be produced from a number of sources such as the IR so
or a peer)optical path alignment. It can also be caused by electronic sources in the
Fircuitry. It is also a function of resolution, apodisation function, and use of zero filling ag
ofthe moving mirror.

ber

s cell

also by the detector sensitivity. The use of ZnSe windows to the gas cell gives a useful'wavenumber

s for

lysis,
ping

juate
rtical

ction

urce,
FTIR
well

7.1.2 The

NOTE

background noise shall be determined in various positions in the spectrum to be used.

A procedure for the determination of background noise is given in Annex G.

7.2 Limits of detection and of quantification (Lp and Lq)

7.2.1 The cell path length and signal-to-noise ratio of the output from the FTIR instrument determine
the limit of detection (Lp) and the limit of quantification (Lq) of the method.

7.2.2 Lp and Lq shall be determined for the FTIR instrument.

NOTE 1

ISO 12828-1 describes different methods to estimate these limits. The method adapted for this FTIR

standard is the determination from a data matrix of blank samples, fully described in ISO 12828-1:2011, 6.2.

12
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NOTE 2 A practical procedure for the determination Lp and Lq is given in Annex G.
7.3 Calibration methods

7.3.1 The FTIR instrument shall be calibrated with a specific traceable method for each gas species
that is measured and reported as described in Clause 9.

NOTE Information on appropriate calibration methods are given in Annex .

7.3.2 The calibration is specific to a particular gas cell at a given temperature, path length, and
pressure: Thecatibrationrisatso apcuiﬁu to-theresolution; apudi)atiuu, phaac correctiomany gain of the
specific spectrometer. If any of these parameters change, a new calibration must be carried gut.

7.4 | Acquiring and collecting calibration standards

7.4.1 Gasmixtures of known and traceable concentrations shall be used as reference gases for calibration.

NOTH Information on methods to produce and use calibration gases are given in Annex .

7.4.7 Calibration spectra shall be collected using the same FTIR arrangement as used for fire|gas analysis.

NOTE Information on recording reference spectra for calibration and building the calibrjtion set are
giver] in Annex K.

8 Measurement procedure

8.1 | General

It is important that the limits of detection and quantification are appropriate to the species being
meagured. Each species required for'the measurement, as specified in ISO 13344, ISO|13571, or a
specific test procedure, shall be within the limits of quantification and detection at concgntrations of
toxidological significance.

NOTH To ensure optimal(detection limits the optical bench of the FTIR instrument must| be nitrogen
purged. A long purge may berequired to minimize water vapour interferences. It may need to be ifitiated a day
or two in advance.

8.2 | Daily cheeks-and controls

8.2.1 General

All the fellowing operations shall be performed at the beginning of each day of opg¢rating. The
instriument shall be set up and used under the same conditions as thase for calibration mehsurements,
in terms of resolution, number of scans, iris aperture, gain and mirror scan speed apodisation and
phase correction.

Before being used to analyse fire effluents, the sampling system and gas sampling cell shall be heated
to their chosen working temperatures. If an MCT detector is used, this shall be cooled to the required
temperature. Ample time should be allowed for temperature equilibration of the whole sampling system.

8.2.2 Control of calibration method

The calibration of an FTIR spectrophotometer normally remains stable provided no major changes are
made to the instrument and associated equipment. Nevertheless, parameters such as shocks or unexpected
variations with the interferometer, or ageing effects, could lead to a deviation from the calibration.
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“Control calibration” shall be performed with a control gas. The reference concentrations of the control
gases shall have a precision of at least 1 %. When measured with the FTIR instrument, the deviation
from the nominal concentration shall not exceed 5 %. If these values are not possible to obtain, the
verification procedures stated in Annex F shall be performed.

The control gas shall be standard certificated gases in pressurized cylinders. Ideally, the control gas is
a mixture of gases which are stable over time and absorb IR radiation over a spread of wavenumbers
which are exclusive to each gas. A mixture of CO, CO3, C2H4 and CH4 has been found suitable for daily

calibration control.

8.2.3

Spectrophotometer sensitivity measurements

With no san
signal from

ple in the gas cell, the signal attenuation and the beam aperture needed to produce ang
the FTIR detector shall be noted. These parameters are then compared to the initial v

obtained after the qualification procedures of Annex H have been carried out (i.e. the “nominal valy

If the signal
as describeq
windows an|
there may b

NOTE D¢
spectromete]

8.2.4 Sanj
The samplin]

NOTE1 Ld
on whethert

NOTE2 Td
the sampling]
the pressure
off there are
Leaks can als
downstream
nitrogen. Pre

attenuation obtained is under 50 % of the nominal value, proceed to the cleaning of mi
| in Annex F. If this operation does not lead to a strong reduction of attenuation, chec
d change them if needed. If all these operations are insufficient to decrease the attenug
e a further technical problem with the interferometer.

bdicated software may be provided from the manufacturer of the FTIR allowing a check
sensitivity.

Ipling system tests
g system shall be tested for leaks.

aks developing in the sampling train may allow dilution of the sample or losses of sample depe
e pump is “pulling” or “pushing” the sample. This will affect the calibration parameters of the

check the sampling system for leaks with a sample pump of “pulling” type, block the openin
probe or the end of the sampling line.with no probe fitted, with the sample pump operating,
indicator reaches 100 Torr. If this value cannot be achieved or held when the pump is swi
leaks in the sampling system,ahd all parts have to be checked and where necessary rep
o be checked by installing shuitoff valves at key positions on the sampling train (e.g. upstrear
of the filters and the pump), along with a pressure/vacuum gauge and a 3-way valve to intr
ssurize to 10 psi and check.if the system holds pressure (see Reference [25] and Figure B.2).

8.2.5 Control of the sampling flow rate

The method|
or “pushing

for controllingthe sampling flow rate is dependent on if the sampling system is of “pul
type.

NOTE1 A

(amass flow1|neter, a bubble flowmeter or a dry meter) can be used to calibrate the rotameter.

rmal
hlues
1es”).

Frors
k the
tion,

f the

hding
FTIR.

b /s of
until
tched
hired.
n and
duce

ling”

calibrated rotameter (float-type flowmeter) can be used in both cases. A reference flowmmeter

For a sampling system of the “pulling type”, i.e. when the pump is placed after the sample cel

flowmeter s

NOTE 2

hall be positioned at the sampling point of the system.

, the

The open-path rotameter is positioned at the sampling point, i.e. before the primary filter and the

sampling line in order for the flow measurement not to be biased by back-pressure effects. The other side of the
flowmeter shall experience atmospheric pressure (see B.1). The flow is controlled downstream at the vacuum
pump. The flow should be measured before and after each test. The disadvantage of a “pulling” type sampling
system is that the cell vacuum will increase as the soot builds up in the filters if not regulated for. This can pose
major errors, particularly for quantification of gases in nonlinear calibration ranges.

For a sampling system of the “pushing type”, i.e. when the pump is placed before the sample cell, a
needle valve shall be positioned upstream of the sample cell to control the flow to the cell. The open
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rotameter (no needle valve) shall be positioned downstream of the sample cell, resulting in no cell back-
pressure (see B.2 and Figure B.2).

NOTE3  When using a bypass pressure regulator to bypass flow to the sample cell, position a needle valve
upstream of the sample cell to control the flow to the cell (see Reference [25], B.2, and Figure B.3). Use an
open path (i.e. open to atmosphere) rotameter downstream of the sample cell, which will produce no cell back-
pressure. The back-pressure regulator ensures that the pressure at the needle valve is constant, resulting in a
constant flow rate through the cell as soot builds up in the sample filters. A constant flow through the sample cell
provides more accurate time histories.

A rotameter placed at the downstream end of the sample cell is a convenient visual way to monitor
the flow during tests. The rotameter is generally calibrated for 1 atm and the pressure at the sample
cell gutput should be very close to atmospheric pressure. The needle valve should be ups§ream of the
sample cell to control flow to the cell, without affecting the cell pressure.

8.3 | Preparation for sampling and analysis

8.3.1 Select a filter material which is chemically inert to the expected effluents and of suitapble porosity.

NOTH If the test specimen is thought, or known, to contain fluorine, use'RTFE or ceramic filters.

8.3.2 The filter shall be changed after at least every three tests-atid every time the fuel typegs in the test
are changed. The filter shall also be changed if the pressure imthe gas cell cannot be maintained due to
back|pressure in the sampling system.

A ney or clean filter should be used when determining acid gases as specified in 5.3 and in|Annex C.
8.4 | Initial procedures immediately before-a test

8.4.1 Collect a background spectrum.

Collect a background spectrum before-starting the sample flow from the fire effluent. It is recommended
to cdllect a minimum of 30 scans for-the background spectrum. The background spectrum should be
made¢ with a non-IR absorbing gaS'such as moisture-free nitrogen. The background spectrp should not
be cqllected until the water abSorbance is minimized.

NOTE1  The optical bench*can be purged with a non-IR absorbing gas such as moisture-free 1jitrogen for a
suffidient duration to minimize water and CO; absorbance.

NOTH 2  Collect thé background spectra using the same spectral resolution as to be used during the subsequent
measurements in thetest.

8.4.7 Startacquiring spectra and record the timing of scans.

NOTH The number of scans per spectra is a determining factor for the time resolution of the 1|neasurement

£l H 1 1
and forthenotsetevel:

8.5 Procedures during sampling from a test
8.5.1 Note the start time of the test relative to the time of the FTIR spectra collection.

8.5.2 Carefully monitor and record the cell pressure and cell temperature throughout the test.
The temperature and pressure shall ideally not vary during the test period.

NOTE1 Most FTIR instruments are equipped to monitor the cell pressure and cell temperature and have
software to record these readings for every spectra stored.
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The acceptable cell pressure variation depends on the degree of nonlinearity of the calibration.

Small variations on cell pressure during a test can be corrected using the universal gas laws. See Annex F for
requirements.

8.6 Procedures after a test

8.6.1 When the test has ended, stop spectra collection and purge the whole sampling train with clean

air or nitrog

NOTE 1

en for at least 5 min.

from the sampling system.

8.6.2 Che

8.7 Data

Data reduct
The procesg
versus time
calibration

data shall b
checking da

Purging with dry air or nitrogen has the advantage of more quickly removing corrosive acid gases

k all filters and change or clean them if needed before the next test.

reduction

. However, the effluent could contain interfering species that were not included i
mix or matrix and may therefore be misinterpreted by the data reduction software
e checked for interfering species that can produce errors<n the results. Procedurs
Fa in this respect are given in Annex |.

9 Testre¢port

Presentatio

h of results is an important aspect of the _procedure for measurement of gases

ion is often performed automatically by the software supplied with the FTIR instrument.
results in a collection of spectra which are then presented as plots of individual spgcies

the
The
s for

and

vapours using FTIR spectroscopy. The format for presentation will vary depending on the end use

of the resul
is importan
and graphid
parameters

— samplin
name of
date an

notes of

notes of

spectro

FTIR ga

calibrat

wavenu

estimat

16

[s but for comparative purposes (e.g. during reproducibility and repeatability studi
[t that this format is identical for every:test. Typically, the content would include tal
al representations of concentrationtwith time with the following as a minimum 1
to be included:

g system design;

operator;

] time of the fire test:

any samplinggpreblems during the test;

any data coHection problems during the test;

notes and times of important occurrences in the fire test (e.g. start of test, ignition, extinction

photometer parameters: resolution, iris aperture, gain and mirror speed used;

es) it
bular
st of

etc.);

s cell used: reference, path length, temperature, pressure, volume;

type of detector used;

ion method(s) employed;

number of scans for background;
number of scans per spectra;

time resolution between each spectrum acquired and number of spectra in the collection;

mber(s) or region(s) used for quantification;

ed overlapping gases in the selected wavenumber region;
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— whether evaluated concentrations lie in the range defined by calibration data or are based on
extrapolation outside of this range; and

— concentration versus time for each chemical species of interest.

10 Precision and accuracy

10.1 General

Prec
cove

10.2 Lp and Lq

The fesults shall be analysed by taking into account the limit of detection (Lp)'and limit of qu
(Lg),as described in ISO 12828-1.

NOTE1  Information for the determination of Lp and Lq are given in 7.2 and Annex G.

NOTE 2  The precision of FTIR smoke gas data is influenced by se¥exnal factors, including the sanI'L

the g

of th¢ calibration model used.

10.3 Repeatability and reproducibility

The repeatability of the measurement with the specific FTIR system used shall be determin

NOTH An example of a repeatability and reptroducibility study is presented in Annex L.

© ISO

ring each selected concentration range.

hs cell pressure control, sampling system temperature, filter dnd Sampling system efficiency a

2015 - All rights reserved

sion and accuracy shall be determined for each calibration gas with multiple, Migasurements

antification

ple flow rate
d the quality
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Annex A
(informative)

FTIR theory

For the purposes of this International Standard and its proper use, a general outline of the principles
of operation of an FTIR spectrometer is given here. Molecules which contain a “dipole” (i.e. residual

positive and negative charges at each end of a chemical bond) can interact with infrared radi
(IR) by virtyie of the electromagnetic field set up as the dipole rotates, vibrates, stretches, trans
(i.e. moves as a body) through natural thermal effects. This interaction manifests itself as absor

of specific

as the basis|of qualitative and quantitative measurements on samples placed in the IR ‘beam. It is
possible to gbtain IR spectra with certain species which do not contain such a dipoje-but are capal
obtaining ome through the effect of infrared radiation. This is then termed “Raman” spectroscopy.

The infrare
and far-infr

Near-IR|
corresp

Mid-IR
corresp,
irradiat]

Far-IR
corresp|

With classid
wavelength
be successiy
sample give
sample is sq
extent of ab
typically re
line” fire gaj

Fourier traj
infrared sp
spectrophof
of an interf]
dispersive s

avelengths of the radiation by specific dipole groups within the molecule and, this is

region of the electromagnetic spectrum is usually divided intothree parts; the near-,
hired:

— approximately 14 000 cm-1 - 4 000 cm-1 wavenumbers’(0,7 pum - 2,5 um wavelel
onding to overtone or harmonic vibrations within the irradiated molecule.

— approximately 4 000 cm~1 - 400 cm-1 wavenumbers (2,5 um - 25 um wavelel
onding to fundamental vibrations and associated rotations and-vibrations withiry
ed molecule.

— approximately 400 cm-1 - 10 cm-1 wavenumbers (25 pm - 1 000 um wavelen
onding to the rotation of the irradiatedimolecule.

al “dispersive” Infrared Spectroscopy, an infrared source is resolved into its compg
5 by an optical grating. The instrument is so arranged that the range of wavelength
rely passed through the sample’(or “scanned”). A detector in the IR beam placed afte
s a trace of the intensity of the various wavelengths (or wavenumber) with time a
anned and results in alnumber of absorption “peaks”. The position of the peaks an
sorption is used to qualify and quantify respectively, the species in the sample. Such a
uires several minutes to complete, and therefore severely limits this technique for
analysis.

bctrum  @f Yabsorption, emission or Raman scattering of a solid, liquid or gas. An
ometer simultaneously collects spectral data over a wide IR spectral range, in the
erogram (i.e. all wavenumbers are collected simultaneously), as distinct from clag
pectroscopy, (which collects data at each wavelength sequentially). The Fourier trang

htion
lates
btion
used
also
ble of

mid-

ngth)

ngth)
1 the

gth),

nent
5 can
r the
5 the
1 the
scan

«

on-

hsform infrated (FTIR) spectroscopy refers to a general technique used to obtain an

FTIR
form
sical
form

is a mathematical algorithm used to convert the raw interferogram data into a practical spectrum,
analogous to the spectrum resulting from a slow scanning classical dispersive method.

NOTE1 In practice, the infrared beam is generated by a polychromatic IR-source. The radiation enters a
“Michelson interferometer” (see Figure A.1) that allows some wavelengths to pass through, but blocks others due
to wave interference. The beam is modified for each new data point by moving one of the internal mirrors and
therefore changing the length of one or both beams of the interferometer. This changes the set of wavelengths
that pass through. A laser is used to determine the accurate position of the mirror, for the wavelengths studied.
Computer processing by Fourier Transform is required to convert infrared absorption for each mirror position
(the interferogram) into a spectrum, i.e. infrared absorption for each wavelength.
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NOTE 2 It is important to understand the function of the laser in determining wavenumber accuracy, which
is related to the registration and drift of wavenumber accuracy that can occur for various reasons. In an FTIR-
Michelson interferometer, radiation from the polychromatic infrared source is collimated and directed to a
beam splitter. One half of the radiation is reflected towards a fixed mirror and one half is transmitted towards
a moving mirror. Radiation is reflected from the two mirrors back to the beam splitter and 50 % of the original
radiation is focused on the sample and then onto the detector. The difference in optical path length between
the two beams of the interferometer is called “retardation”. It defines the “amplitude” and resolution of the
spectrophotometer. The interferogram is obtained by varying the retardation and recording the signal from the
detector. The shape of the interferogram when no sample is present depends on the splitter and on the “couple
source” (i.e. a diaphragm used to limit illumination). This leads to a typical interferogram shape with a maximum
at zero retardation (constructive interference at all wavelengths), with, on either side, a series of lower intensity
peaks from destructive interference.

The [use of an interferometer provides two main advantages in comparison withnthg traditional
disp¢rsive spectroscopy: First, as all wavelengths are collected simultaneously, the‘\signgl resolution
(in iptensity) is increased. Second, the interferometer throughput is determinednly by the diameter
of the collimated beam coming from the source and not affected by the instrument’itself (gs it is where
if a monochromator diffraction grating is used in a dispersive instrument). [ivmodern instfuments the
moving mirror of the interferometer turns at a constant velocity, and sampling of the intefferogram is
triggered by finding zero-crossings in the fringes of a secondary interferometer irradiated py a helium-
neon| laser. This confers high wavenumber accuracy on the resulting-infrared spectrunp and limits
wavgnumber calibration errors (a trueness around 0,01 cm-1 can bereached).

Fixed mirror
2

Mobile mirror
g -
IR source Collimator

=

He-Ne
Laser

Beam splitter

Gas cell > Detector

Figure A.1 — FTIR interferometer principle
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FTIR sampling systems

B.1 Example of a “pulling” sampling system

An optimizgd sampling method was proposed in the SAFIR project.[18][19] Figure B.1 gives a scherlnatic
diagram of uch a “pulling” sampling system.

— The poipt for gas collection in the exhaust duct connected to a fire chamber is placed'at a disance
where the gaseous mixture is homogeneous and the gas flow is not disturbed, i.ejlaminar flow.

— The digtance between the fire source and the sampling probe should be ‘as short as pogsible
(consistlent with a homogenous and laminar flow) to maintain the probe ataf elevated temperature.
This will assist in reducing condensation in the probe.

— The filtgr is placed between the probe and the transfer line. Anotherfilter may be used betweep the
line and|the gas cell to protect the FTIR analyser gas cell from contamination from fine soot partjicles.

— The floywmeter is placed after the pump and it is recommended that a moisture trap is included
between the pump and flowmeter, to prevent condensed water entering the flowmeter.

— An openj-flow rotameter can be placed upstream of the*filter before and after each test to checdk the
actual sampling flow. This flow is compared to the\flow measured at the outlet of the pump.

— The temperatures of the filter, sampling line and gas cell should be as similar as possible and|high
enough|to prevent condensation.
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gxhaust duct (fire model)
fiilter 1

ransfer line

filter 2

TIR gas cell

i
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mowmeter
|
!
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low rate, (3,5 1/min).
art of the sampling system heated to >150 °C.

o

(g}

Water trap.

Figure B.1 — Schematic diagram for a “pulling” sampling system

B.2 | Example of a “pushing” sampling system

The sampling system illustratediin Figure B.2 has been used with the objective of m
consfant FTIR gas cell pressure. /With the gas cell at the end of the sample train, with no re
flowlat the cell’s output will result in the gas cell operating close to atmospheric pressure, 1
any ipcreasing restrictionfrom the build-up of particles within the filtration system.[13] A
is popitioned upstream of the heated cell. The pump must be placed upstream of the sampléd
the dample through the cell. The pump head should be mounted in a thermostatted oven
the desired temperature. A coil of 0,6 cm (1/4 in) outside diameter (OD) tubing [internal d
is mgre important] downstream of the heated cell cools the sample gas to ambient tempe
to erftering=a-large high capacity filter which protects the downstream flowmeter from th¢
tarry condénsates. This high capacity 0,3 um filter has a gas filtration area of 625 cm2. The

hintaining a
strictions to
egardless of
heedle valve
cell to push
to maintain
ameter (ID)
rature prior
e build-up of
high surface
sure is very

arealof’the filter media provides a long filter life, and minimal flow restriction. The cell prej
slighttyabove atmospheric pressure due to the dowTstreant fitter

© ISO 2015 - All rights reserved

21


https://standardsiso.com/api/?name=c1ea3ff4084567e5a3f945b74b1b1335

ISO 19702:2015(E)

4
5
;
6 7
g
9
2
——( D
3

Key
heated sample line
oven (filters in oven)
pump head
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heated cell

needle valve

cooling qoil

high-capgpcity filter to protect flowmeter.
flowmeter

PO 00NN O U W

Flow out.
Figure B.2-—='Schematic diagram for a “pushing” sampling system

The samplirlg systent in'Figure B.3 is similar to that in Figure B.2, but in addition has a bypass loop and
bypass regylator_atthe cell inlet to ensure a constant flow rate through the sample cell, regardlgss of
gradual blog¢king ‘'0f the filter. This configuration is effective in maintaining a constant cell resgonse
time profile|and constant cell pressure. The desired pressure is set on the bypass regulator and ekxcess
flow bypasses the gas cell. The bypass f[low decreases as the filter blocking increases. The constant feed
pressure into the gas cell results in a constant gas flow rate through the cell.[3][25]

22 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=c1ea3ff4084567e5a3f945b74b1b1335

ISO 19702:2015(E)

w
(U
(e}

Key
heated sample line
gven (filters in oven)
pump head
FTIR
:[eated cell

eedle valve
gooling coil

O© 0 N O U1 o W N -

owmeter

[EnN
o

ack-pressure regulator

st

:[1gh-capac1ty filter to protect flowmeter
i
j

low out.

Eigure B.3 — Schematic diagram for maintaining constant pressure
and constant flow to the sample cell using a back pressure regulator(3]1[25]

Note|that the same oven can be used to house many of the requlred Valves requlred for FT|IR sampling

: c hown-H—— e ion gases or
fire gas samples [see Flgure B. 4 item 11) and Valves requ1red to pressure test the fllter housmg seal after
changing filters. The same oven can also be used to dynamically dispense calibration gases that are liquid
at room temperature by placing a Teflon-lined stainless steel coil in the oven, connected by “T” joints to
PTFE-lined stainless steel expansion bottles. A liquid-filled syringe driven by a syringe pump directs the
liquid through a 1/100 in ID, 1/16 in OD, PEEK (polyether ether ketone) tubing which extends 2 cm into
the expansion bottle which is fed by a metered hot nitrogen stream. The outflow of the expansion bottles
leads to the FTIR cell. This sampling system is described in References [3] and [25].
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i — Schematic'diagram of an FTIR sampling system with a back-pressure regulator
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Analysis of filter(s), the sampling line and probe for effluent
retention

C.1 | Washing procedures for filters

Acid|gases, amongst others can be adsorbed on particulates retained by the filter:"When the total
amoynt of one specific acid gas has to be measured, the quantity retained on the-filter shoyld be added
to the total amount of acid gases analysed by the FTIR. However it must be appreciated that where
“confinuous” time/concentration measurements are required, it is not possibleto correct the data from
a single measurement of the species retained on filters.

The yashing procedures for filters are as follows:
a) Procedure for planar (i.e. flat surface) and for cylindrical filtets:

1+ After each test, the filter is removed and placed in aminimum volume of analytical jgrade water
to completely cover the filter.

1+ The solution with the filter is placed in an ultfasonic bath for at least 10 min.

+- The solution is made up to a known volumie before analysis of the required species. Analytical
methods presented in ISO 19701:2013-¢an be used.

INOTE The filter can be rinsed and‘demoved from the washing solution before making up to a known
rolume. Alternatively, the filter can temain in the washing vessel (beaker) if the volume of| the washing
yater is known.

=

b) Alternative procedure for cylindrical filters:

+ Wash the filter with’/ hot water in a “Soxhlet” apparatus for approximately 20 min. The
solution is made.up to a known volume before analysis. Analytical methods presented in
[SO 19701:2013-can be used.

1+ The sameprotocol (with a Soxhlet extractor) can be used to wash new filters prioi to first use.
The filters should be dried before use (250 °C in an oven is acceptable).

C.2 | Washing procedures for transfer line and probe

The transfer Iine and the probe should be rinsed with analytical grade water. Before rinsing the systems,
their temperatures must be allowed to cool to approximately 70 °C to avoid significant vaporization of
water. For each part of the sampling system, the washing solutions are collected in volumetric flasks and
the solutions are made up to a known volume before analysis by appropriate analytical methods (see C.1).
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Annex D
(normative)

Response time determination of the complete FTIR sampling

system

D.1 Gene€

For many ag
of time. Lin
the detector
as it passes
the effect of
from one pu
time of the s

D.2 Pring

The sampling pump and sample flow rate, and sampling system’temperatures shall be set for

normal use.
procedure 4
be used. A ]
(see Figure
by air enter
and line B (f]
“T” allows t}
atmospherig

An example

ral

plications it is necessary to show the change in concentration of toxic species ds,a fun
e delay time (¢j) is the time that it takes for a sample to travel from the sampling poi
. Because of mixing and diffusion effects a short pulse of input gas will become broad
along the sampling line. The response time () measures the effect of.the line delay
signal broadening, as measured by the detector when gas is switchéd at a sampling
re gas to another. The example below in D.2 shows a procedure tg-determine the resp
ampling system.

riple of determination

The sampling configuration shall also be the samé<as for normal use. For the measure
i gas cylinder/bottle containing any [R-absorbing gas in nitrogen (e.g. COz, C2Hy4]

D.1). Set the flow rate lower than the norial sampling system flow rate. It will be di
ng the “T” to make up the flow rate in.iormal use. Both line A (from the bottle to thd
rom the “T” to the heated sampling liie’s entry) shall be as short as practicable. The us

pressure when switching between that gas and room air.

of a plot for a response time'determination is shown in Figure D.1.

ction
nt to
ened
plus
robe
onse

their
ment
can

B-way “T” valve at the gas bottle is used tosselect between the diluted gas and roomn air

uted
HT")
b of a

ne dilution of the gas and ensures-that the input pressure to the sample line is maintained at
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Figure D.1 — System set-up to measure.sampling response time

1  Select an appropriate type and concentrationA6¥ the IR-absorbing gas. It is best usi
ntration with a linear response over the measured-concentration range. If using a linear d
,an accurate calibration is not necessary. If the gasiised does not have a linear response in the d
to be measured, the FTIR shall be calibrated for the full measured gas concentration rangs
ate response time.

hg a gas and
oncentration
oncentration
to obtain an

the FTIR and sampling system arecequilibrated in terms of temperature, pressure and flow rate,

the acquisition of spectra. After astable baseline is attained, introduce the analyte
bd sampling line (see Figure D.1) by switching the 3-way “T” valve from air to bottled g
(ton) at which the analyte gas'is introduced. After obtaining a stable concentration ag
esponse from the FTIR detector, switch back to air, allowing the analyte concentrati
stable baseline. Note the-time (¢ofr) at which the input of analyte gas ceases. This pr
hted to check accuracy

2 Usean acquisition rate as high as possible when collecting the spectra in order to be able
ost accurate résponse time possible.

he concéntration as a function of time. Determine the average concentration of the “pl
b, i.e..the concentration value of the flat detector response. Calculate the 90 % rise tin
he 90 % fall time (90 %, down)- The 90 % rise time is the time from the onset of th

gas into the
as. Note the
shown by a
bn to return
cess can be

to determine

hteau” of the
pe (£90 %, up)
b rise in gas
e is the time

pritration to the time of attaining 90 % of the “plateau” concentration. The 90 % fall tim|

from the onset of the fall of concentration to the time of attaining a 90 % decrease in concentration. See
an example in Figure D.2.

The value of tgg 9, up shall equal t9g 9, down. If it does not, the analyser is not properly calibrated for the
concentration range of the analyte, and the response time value will be erroneous.

The response time for the measurement system is the line delay time (¢;) plus the 90 % rise time
(or alternatively, 90 % fall time). The line delay is the time between t,, and the first rise in gas
concentration (or alternatively the time between tof and the first drop in gas concentration). That is:

Resp

© ISO

onse time (t) = line delay time (t;) + t90 9%, up-
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Figure D.2 — Schematic plot for measurement of response times
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Annex E
(informative)

Considerations for FTIR optical cell selection

Uniformity of gas concentrations within the FTIR cell

Typi
meas
thec
forn

E.2

The
with

profiles which will differ from those actually occurring in the)sampled atmosphere. Mi

redu

E.3

The
suffi

fally the interpretation of an absorption spectrum assumes that the concentraf
ured gases are uniform across the entire optical path. It is important to know that th
pmbination of cell volume, sample flow, and flow mixing characteristics withinythe cell.
bn-uniformity are difficult and will compromise the accuracy of the gas coneentration

Mixing within the FTIR cell

deal cell geometry is one in which the sample flows directly frem the inlet port to th
no axial or radial mixing. Such mixing, if it occurs will resultin measured gas concent

red by reducing the cell volume and increasing the sampleé flow.

Time resolution

cell volume should be selected such that the passage of the sample flow through
Cient time resolution for requirements ofithe particular test being monitored. Wh

prod

be short enough that they reach plateau-values and remain at those values long enoug
quarftitative concentration measurements with the needed precision. Where the test prod
chanjging gas concentrations, the rise'time needs to be sufficiently short in order to follow t

conc
discy

NOTH
quali
these
histo

E.4

ces a steady-state period, the rise time)(see Annex D) of the measured gas concenti

entration profiles in a mannerconsistent with the objectives of the test. See Annex D, f
ssion on determination of 90 % rise time and system response time.

[y assessments or incimerator exhaust monitoring. Cells with 500 ml volume and larger cells
applications are generally inappropriate for sampling from fire experiments where accurate ¢
ries over much.Shorter time periods are important.

Optical’paths in FTIR cells

ions of the
is is true for
Corrections

b.

e outlet port
ration/time
xing can be

it provides
ere the test
ations shall
h to obtain

uces rapidly

he changing
br a detailed

Many FTIR cells(ane designed for monitoring slowly varying concentrations, such as i ambient air

designed for
oncentration

E.4.]

| CFolded optical path cells

Long optical paths enable increased sensitivity, i.e. lower limits of detection and quantification. Since
these cells contain internal mirrors, the entrance flow must be filtered to remove aerosols that will
deposit on and foul the reflective surfaces. Temperature conditions in the cell must also be such that
condensation of vapours within the sampled gas stream is not possible.

NOTE1 Historically, cells with folded optical paths had large volumes, of the order of 1 I. At present, cells
are available with 2 m path lengths and volumes below 100 ml. An optical path length between 2 m and 10 m
has been found suitable for detecting concentrations at the low end of values needed for toxicity assessment.[18]
Adjustable path length cells are also available.

NOTE 2  The absorbance of infrared radiation is theoretically proportional to the path length of the optical cell.
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E.4.2 Single path optical cells

The optical path through this type of cell is determined by the length of the cell, typically a fraction of a
metre. There are no internal mirrors, and thus the inlet flow filtration is not as important. The cell may
be cleaned with common solvents. The shorter optical paths result in reduced sensitivity although the
smaller cell volume enables a higher time resolution.
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Annex F
(normative)

Verification of FTIR optical cell performance

Calibration of gas cell temperature

Anny
poin
the s
carri

I

q

]

q

4

|

NOTH
to th
matc

F.2

A pr
have
each

The
corrd

The
FTIR

jally and whenever the gas cell is opened or the sampling train modified, the temp

ample gas itself rather than the set-point temperature. Verification of cell gasjtemper
ed out follows:

Preheat the sample stream entering the gas cell using a representative length of sample
ippropriate number of separately thermostatted heated segments (see’5.5).

nsert a thermocouple in the gas cell (with an appropriate leak-tight connection) at a gi

$tart the sampling pump at the normal flow rate and wait until the temperature stabili

Note the temperature at a number of points within theCell. Adjust the temperature sef]
ras cell to the mean value obtained at these points and'note the correction needed betw
mean) temperature and the set point temperature!

[he standard deviation between temperatureés measured along the cell shall not ex
he mean value.

It is important that the sampling linesused during temperature calibration of the cell prd
e same temperature as that normally. used for sampling from the test apparatus. This tempe}
n the sample cell temperature.

Pressure control andymeasurement

pssure transducer should be permanently mounted in the gas cell. It should be cal
an accuracy betterthan 0,5 %. The cell pressure, as well as temperature, should be
spectrum.

Cell pressure<shall match the pressure at which the calibration spectra were obtaine
ctions must be applied to the quantified data. Such corrections are made using the univg

effectiveness of the pressure correction over a selected pressure range shall be quant
analyser to determine the allowable deviation in cell pressure (from the pressure at

erature set-

and homogeneity in gas cell should be verified. The critical temperature is the)tenjperature of

hture can be

line with an

ven depth.
Ses.

Lpoint of the
reen the real

ceed 5 % of

heats the gas
ature should

ibrated and
logged with

d otherwise
rsal gas law.

ified for the
calibration)

duri

4 1 11 11 1 T : 1 1 13 - s 1O
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quantitative results and shall not induce an error that exceeds 5 %.

NOTE 1

ence on the

The effectiveness of the pressure correction can be quantified by measurements on a calibration gas of

carbon monoxide (CO) over a typical range of concentrations encountered in tests. The cell pressure is regulated
by the inlet valve of the gas cell and the cell pressure registered for each pressure level for each concentration.
The predicted gas concentration corrected by using the universal gas law is plotted versus the cell pressure and
the allowable pressure deviation can be extracted from the plot.

NOTE 2 The effectiveness of cell pressure correction has been studied by Guillaume et al.[1Z] The
recommendation from their work is to not allow cell pressure variations greater than 10 Torr compared to
calibration cell pressure.

Sampling systems can be designed to maintain a constant cell pressure that is not affected by

changes in filter loading through progressive blocking of the filter. This technique requires a loop
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that bypasses the analyser and a back pressure regulator in that loop. (See the discussion of sampling

system desi

gn in Annex B).

NOTE In spectroscopy, pressure is usually expressed in Torr, which is a non-SI unit corresponding to
1 mm Hg. The conversion between atmospheres, Torrs, and pascals is: 1 atm = 760 Torr = 101 325 Pa.

F.3 Verification of gas cell leak-tightness

Annually, and at each time the gas cell is opened or windows changed, the leak- tightness of the cell
should be verified. The verification may be carried out as follows:

— Install t

— Close t]
around

— Wait 10
— Noteth
— The dey|

wo stop valves, the first at the cell input and the second at the cell output.

300 Torr, close the output valve and turn the pump off.
seconds until the system stabilizes.
e initial pressure value P, then wait 30 seconds and note the value Rj.

iation between Pg and P1 should not exceed 3 Torr.

F4 Cell mirrors cleaning

Cell mirrors
mirror surfg
FTIR detect
clean them
should not K
the mirror. ]

— The prd
dust or

are subject to condensation during contact with some vapours producing a film o

hs they are very sensitive. This is particulanly*important if a gold coating is present

[he following procedure is suitable:

cedure should be carried out in a ¢lean room (i.e. with low levels of airborne or su
crime).

— Wait unftil the gas cell is at ambienttemperature; then disassemble it.

— Ascell

hirrors are concave, place’acetone of chromatographic quality in them.

le input valve, and start the sampling pump. When the pressure measured inthe cell is

h the

ce. The mirrors may also attract solid deposits which will affect their reflectivity. When the
br signal decreases (see 8.2), the mirrors must bexcleaned. However, great care is needgd to

this

e touched with bare fingers, as oil/grease\from fingers will be deposited on the surfdce of

rface

— Wait 5 npin, then change theésolvent to a non-polar one (e.g. n-hexane), also of chromatographic qufality.

— Rinse W
— Do not ¥

— Reasser

vipe the mirror with a cloth (not even a tissue wipe), as this may scratch it.

hble the gas cell, heat it to operating temperature and check for leak-tightness.

— Carryo

1t2@/quantitative analysis control procedure as set outin 8.2.2.

ith acetone; then wait until no solids or surface film (or acetone) are present on the mifrror.

NOTE Soot deposition on the cell optics can be minimized by selecting an FTIR system with the gas cell
mirrors and cell windows mounted in a vertical position.
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Annex G
(informative)

Spectrophotometer

Detectors

us types of detectors are available, mainly distinguished by their different sensitiy
nfrared region, the detectors frequently used are Deuterated Triglycine Sulfate (D
hte satisfactorily at ambient temperature, and Mercury Cadmium Telluride (MCT), w
oled. The MCT detector can be cooled using either thermoelectric coolers,\liquid nity
s or Sterling engine coolers. Liquid nitrogen and Sterling cooling provide-the best cool

Choice of the detector depends on the requirements for sensitivity,and the limit of det
‘tors can provide a sensitivity of up to 10 times that of a DTGS detector. However, M(
ss linear than DTGS detectors.

1  The MCT detector must be cooled by one of the above methods and has a superior signal-
e DTGS detector. The signal to noise ratio is dependent on the‘¢ooling method. Also, more timg
ize the MCT detector.

q

2 Alimitation of the Liquid Nitrogen-cooled MCT,détector is that extra-equipment is nee
TIR apparatus with liquid nitrogen. Another drawback is the concern of suffocation haz3
ben when used in confined spaces such as small jnstrumentation trailers.

3  Alimitation of the Sterling-cooled MCT, detector is high cost.

IR-source

source of IR radiation used in an FTIR spectrophotometer is an approximation to
tor. The intensity of thé radiation increases with wavenumber, to a maximum,
pases. Overall sensitivity of the FTIR instrument will be highest at the maximuj
number distribution,

Lypes of source.are frequently used:

The Nernstsource, which consists of zirconium, yttrium and thorium oxides coated on af
heated filament maintained at 1 827 °C.

.

[he s Globar” source, which is a silicon carbide element electrically heated to 1 227 °C.

ities. In the
I'GS), which
nich need to
ogen Dewar

ng.

ection. MCT
[T detectors

[o-noise ratio
is needed to

led to supply
rds of liquid

h blackbody
and then it
m of the IR

1 electrically

Wavenumber region

It is important to acknowledge that FTIR determines the infrared absorption of a gas or mixture of
gases over a wide range of wavenumbers (typically 400 cm-1 to 4 500 cm-1 for KBr windows) and
650 cm~1 to 4 500 cm-1 (for ZnSe windows). The infrared absorption bands for the main fire gases are
given in Annex I. It should be noted that many other gases found in fire atmospheres, e.g. hydrocarbons,
also absorb infrared radiation over this region. It is therefore rare for a fire gas to absorb infrared
within a given wavenumber region without interference from other fire gases in the same region.
However using a spectrophotometer resolution of 0,5 cm-1 or higher, provides an acceptable solution
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for avoiding overlap of absorbances for fire gases such as hydrogen cyanide (HCN), acetylene (C2Hy),
nitric oxide (NO) and water, that would not be possible at lower resolutions.

NOTE1 Measurements using spectrophotometer resolutions as low as 4 cm-1 have proved acceptable for
measurements of fire gases, as long as spectrally interfering (overlapping) compounds can be addressed in the
mathematical evaluation of the spectra.[18]

Fire gases are identified by the characteristic wavenumbers where they absorb the infrared beam and
are quantified by the degree of infrared absorption. The reliability and accuracy of the identification
and quantification depend directly on the ability of the spectrometer to identify and separate the
spectrum of the required fire gas from that of the spectra of other gases in the mixture.

htion
(and

When the sp
should be d4
those which
(i.e. the rang
selecting re
the signal fq

ectraof all species of interest and interfering species are available, a matrix of quantific
fined. Annex I indicates wavenumbers to be used for identification and quantification

can cause interference) of many compounds of interest in fire toxicology. Band selertion
e or ranges of contiguous wavenumbers chosen for a specific compound) shotild be magle by
bions or groups of narrow bands common to the required compound, in ofder to maximize
r a given compound and to minimize the influence of its interfering species.

G.4 Resollution

G.4.1 General

cell
bctra

The resolution (in wavelengths or wavenumbers), sample gas\temperature, flow rate and
temperatur¢ and pressure must be the same for both the calibration spectra and for the sp
obtained during use in fire tests.

G.4.2 Resplution over the spectral range

The resoluti
beams of th

on “r” of the spectrometer is function.of the difference in path length “A” between th¢ two

e interferometer. As a first approximation, resolution is defined as:

The resoluti
dispersive s
deviations o

A resolution
analysis; alt]
can be corrd

G.5 Addi

on is ideally constant over-the entire spectral range. This is not the case with convent
pectrometry. Nevertheless, resolution can be modified in FTIR instruments due to an
f the beam in the interferometer. Such deviations will increase with infrared frequenc

of atleast 0,5€m~! is recommended for the practical elimination of interferences in fin
hough a lowet resolution is allowable if spectral interference from overlapping compo
cted by thelsoftware.

tional spectrometer parameters important for calibration

ional
pular

.

e gas
unds

G.5.1 Background noise

Excessive background noise could be produced from a number of sources such as the IR source, detector
or a poor optical path alignment. It can also be caused by electronic problems in the FTIR instrument
circuitry. It is also a function of resolution, apodisation function, zero filling used as well as mobile
mirror speed.

The background noise should be determined in various positions in the spectrum to be used. In general,
three regions are considered sufficient.
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Determination of the background noise is recommended to be performed at least every six months,
and/or when the interferometer is subject to any maintenance operation (e.g. beam splitter change,
interferometer mirrors cleaning or change of any parts). The following procedure has been found suitable:

— Measure the resolution and set up a suitable number of scans, note the iris aperture, the detector
amplifier gain and mirror speed used.

— Set the spectrophotometer to “single beam” transmission mode (i.e. an absorption spectrum where
a background spectrum not has been subtracted).

— Acquire transmission spectra, then note the maximum and the minimum transmission values found

G.5.2 Stray radiation

Stray radiation is radiation originating from extraneous sources: ‘Stray radiation could be

by cd
100

q

q

— ]
— 1]
Devi
G.5.]
The
limit|
desc

detel

In sy
used
abov

in the following regions:
+ From 3950 cm-1to 4 050 cm-1.
1+ From 1950 cm-1to 2 050 cm-1.
+ From 450 cm-1 to 550 cm~1 for KBr windows.

1+ From 600 cm-1to 4 500 cm-1 for ZnSe windows.

$ilica sample with a thickness more than 1 mm, forwavenumbers <2 000 cm-1.
$odium chloride with a thickness more than 6-mm, for wavenumbers <450 cm-1.

Polystyrene film with a thickness of 50 wm, at 2 924 cm-1 and 698,9 cm-1.

htion from zero should not exceed2 % (in transmission) for wavenumbers >600 cm-1.

mparing a zero transmission spectra with the transmission obtained when a samp
0, in a given range, is placed across the beam. References frequently used are:

ndene in a KBr test tube with a pathrof 0,4 mm, at 392 cm-1, 420 cm-1 and 551 cm-1.

B Limits of detection and of quantification (Lp and Lq)

cell path length and (signal-to-noise ratio of the output from the FTIR instrument, d¢

determined
e absorbing

termine the
-1 standard

of detection (Lp)\and the limit of quantification (Lq) of the method. The ISO 1282§
ribes different methods to estimate these limits. The method adapted for this FTIR st

ndard is the

'mination frgm'a data matrix of blank samples. This procedure is fully described in ISQ 12828-1.

mmary,this method is based on the noise level present over a region of the IR speftrum to be
for quantification. It assumes that a wanted spectral absorbance can be detected when it is just

e the noise level. It should be appreciated that greater the number of scans, the great

to-nd

the signal-

ise/ratio. It is also assumed that a linear relationship exists between the IR absorbgnce and the

concentration of the required species at low concentrations. Because the method is applied only in the
wavenumber region used for quantification, and because sensitivity is different for each gas, the values
obtained for Lp and Lq could be significantly different for each component measured in the fire effluent.

Table G.1 shows some examples of how the combination of resolution and number of scans that are
being averaged, affects the minimum detection limit of carbon monoxide (CO).
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Table G.1 — The effect of resolution and number of scans on the Lp of CO

Resolution Number of scans Lp
cm-1 ul/1
1 16
1
4 8
1 15
4
4 7
NOTE For some gases, it has been found that low concentrations can become partially trapped by the

sampling ling¢. This problem has been especially identified for hydrogen bromide (HBr) at a volume frdction
of below 10 pl/1 and for hydrogen chloride (HCI). For such species, the limits of detection and quarntifidation
are affected py the whole sampling train and not just by the spectrometer and its calibration. Confirmatjon of
the limit of detection may be carried out by introducing a reference gas with a concentration eguivalent fo the

expected lim

t of quantification, then using the method based on blank samples presented 1SO,12828-1.
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Annex H
(normative)

Verification of spectrometer performance

H.1 Verification of wavenumber accuracy

True
expe
erroj
wave

qua
rece

Itis
monf
chan

NOTE 1

hess of wavenumbers is mainly governed by the spectrometer design, but it is alsq d

Fption maximums to the expected values using standard referericCe substances.

recommended that the verification of the trueness of wavenumbers is carried out at ]

stablish the resolution, note iris aperture, gain and mirror speed used.
ecord a background reference spectrum using a suitably large number of scans (usua

lace a calibrated reference of polystyirene film in the beam, or place an appropriate ca
the gas cell, and scan the absorption spectrum.

[ompare values found to the nominal values shown in Table H.1, which includes acceptab
for spectra collected using-atresolution of 2 cm-1. Tolerances shown in the table should
fo the resolution obtained,in practice, and be less than or equal to the resolution used.

Fimental conditions, especially resolution. Sources of wavenumber errors include aging 14
s), corrosive environments and misalignment of optics. Quantitative errors due.to post-calibration
number shifts are most pronounced at the highest IR frequencies where narrow absorpance peaks
are ysed for quantification. For example, a small post-calibration wavenumbefshift can res
rIification error in Hydrogen Fluoride (HF), particularly when high resolutions are used

bpendent on
sers (timing

11t in a large
. Overlaying

tly collected spectra containing HF with the HF calibration spectya i’ the region of quiantification
indidates the magnitude of the post-calibration shift. Verification of trueness is achieved b
abso

y comparing

past every 6

hs, and/or whenever the spectrometer is subject to any maintenance operation (e.g. beam splitter
e, interferometer mirrors cleaning or change of anyrparts). The following procedufre has been
found suitable:

ly >50).

ibration gas

etolerances
be adapted

Table H.1 — Wavenumbers for trueness verification using a resolution of 2 cin-1

Wavenumbers in cm-1
Band Tolerance
3060,1 +0,4
2 849,7 +0,4
1942 8 £0,6
1601,3 +0,5
1583,1 +0,5
1154,7 +0,4
1028,5 +0,4

Calibrated reference polystyrene films (PS) can be obtained by NIST (USA) or NPL (UK). The film

should be protected from light and excessive temperature, in clean conditions and discarded if stripes are
present on the surface.

An alternative procedure could be conducted using gases/ vapours. Suitable bands for verification are:

For COy: 6674 cm-1,2 339,3 cm-1 and 2 361,4 cm-1
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For H,0
For HCI:

:1616,7cm~land 3 701,9 cm-1
29809 cm-1and 2 997,8 cm-1

The tolerances for the procedure using gases should be adapted to the measured resolution, as
previously stated for PS film. Reference [29] recommends 0,5 % for trueness.

H.2 Verification of resolution

Direct verification

It is recomn
when the sp
mirrors cled

For resoluti
specific cou
resolution v
found suital

38

Establid
Choose

For ead

wavenumbers between the peaks. Using Table H.2, compare the minimum acceptable value bet)

the two

Treat only pairs where the minimum absorbance at the wavenumber position between both

is lower]
peaks a
pair i) ij

The val

the paif

ning or change of any parts.

ons <2 cm-1, the determination of resolution is performed according tg(thé analys
bles (i.e. double absorption peaks for standard compounds). Standards commonly use

le:
h the resolution expected, note iris aperture, gain and mirror speed used.

the number of scans per spectrum; then acquire spectra in “absorption” mode.

peaks of each pair.[30]

than 50 % of the absorbance of the less intense of the two peaks (absorbances of the
e denoted by noted v1 and v3). The diffesence of wavenumber between both peaks (fg
noted Av;.

ie used in the calculation is the(minimum of Av;, expressed as Aviyjn and correspondi

v, and v, . The resolutiondisiin wavenumber: r <Av ., Inrelative value: r> 5
AV i
mij

(Vi +v

hended that the verification of resolution is carried out at Ieast every six months, and/or
ectrometer is subject to any maintenance operation: beam splitter change, interférometer

is of
d for

erification are the gases/vapours of CO2, H20 and HCI. The following procedure has |been

h pair of absorption peaks for each standard compound calculate the differenge in

iween

eaks
two
r the

hg to
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Table H.2 — Wavenumbers of the pairs (couples) used for determination of the resolution of the
spectrophotometer, for resolutions under 2 cm-1

Wavenumbers in cm-1
Gas _ _
Y1 V2 expfa‘c/ted
237780 2 376,80 1,00
COy 2 354,40 2 352,90 1,50
656,60 655,10 1,50
232116 2-315;16 2,66
1700,60 1700,10 0,50
3651,20 3 650,65 0,55
1653,30 1652,50 0,80
3821,70 3820,70 1,00
367590 367590 1,00
149090 148990 1,00
H20 3629,50 3628,30 1,20
1 734,60 173340 1,20
150710 18505,60 1,50
1 690,10 1688,40 1,70
354690 3 545,15 1,75
3588,60 3586,60 2,00
1 319,00 1 317,00 2,00
3014,41 3012,12 2,29
2.981,00 2 978,75 2,25
2963,29 2961,07 2,22
294490 2942,72 2,18
2 925,90 2923,72 2,18
HCla 2 906,24 2904,11 2,13
2 865,10 2 863,02 2,08
2 843,62 2 841,56 2,06
2 821,54 2 819,56 1,98
2 798,94 279697 1,97
2775,76 2773,82 1,94
+—TFheratiooftheabsorbancesof bothr HElpeaksisinproportion {3443, whichcorresponds
to relative natural proportions between the relative abundance of the isotopes of chlorine
35Cland 37Cl.
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Indirect verification

Indirectverification can be made according to Reference [10] at the same time as measuring the trueness
and reproducibility of wavenumbers. It is not suitable for low resolutions and is not recommended
under 2 cm~1. The following procedure has been found suitable.

40

Establish the number of scans per spectra, note iris aperture, gain and mirror speed used.

Place a polystyrene film across the IR-beam (nominal thickness recommended is 0,05 mm).

Measure X as the difference between transmission values (in %) measured at 2 870 cm~1 and at
2851 cm-L.

Measur

b Y as the difference between transmission values (in %) measured at 1 589 cm~l'd

1583 cm-1.

Perforn]

nd at

ances of the spectrometer are considered as compliant with the verification ifX>18 and Y >10.
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Annex I
(informative)

Reference gases

Producing known concentrations of reference gases

h collecting the spectra of reference gases, the FTIR settings need to be identicakte

ottles (cylinders) of different concentrations of each reference gases in nitrogeh and
er to obtain a number of reference gas concentrations. In some cases, it can‘be necessg
ence gases in the testing laboratory as they can be difficult to obtain comimercially. Ix
iety of methods can be used depending on the gas to be generated. Some FTIR manuf3
ate calibration spectra for a specific instrument for specific temperatures, pressures, 4
ses, of key importance, is that the reference gas be free from contaminants that have

entration is known It is also considered good practice te.periodically check the rg
bntration using an independent method, especially wher€etheé gases may be stored for |

[rate reference spectra for the calibration of each gas.to be analysed have to be gene
b of concentrations which cover the concentrations likely to be encountered in the f
measured The calibration spectra of each gas should be obtained with as little interf
gases as possible. The FTIR gas cell, samplellines, filters and filter boxes must be hg
alibration, to ensure that all the system has‘stabilized. It is also necessary for the prq
o be the same during sampling from fire-effluents and during calibration. A reference

r the calibration gas. The system.sampling lines should be purged with preheated
Fbing diluent gas such as nitrogen to remove adsorbed water from the components suc}
ilves and regulators prior te_calibration. Calibration gases in pressurized gas bottl
hining water soluble gases-such as HF in nitrogen should have specialized regulator
egulator and the line tg"be’purged with nitrogen prior to dispensing the calibration
purging stage, the nitrogen gas stream should be continuously monitored for water
TIR spectrometercuntil the water absorbance is minimized. Additional filters may
the calibration gas system to further minimize carbon dioxide and water absorbar
b significant, The background nitrogen spectra can then be obtained. The background
fration gas spectra should not be acquired until all unwanted absorbances are minimiz

rationsgases may be prepared in a number of ways:

[alibration gases in nitrogen or any other non-absorbing diluent gas may be purchased

the settings
pressurized
dilute these
Ir'y to create
such cases,
cturers will
ind gases. In
hbsorbances
pference gas
ference gas
ong periods.

rated over a
re effluents
erence from
pated before
ssure in the
spectrum of

gen or purge air (free of H20 and CO2)isrecorded before each calibration under the sampe conditions
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to extend the callbratlon range.

NOTE

Experience has shown that particularly for reactive gases, the stated certificated concentrations

given by the supplier are sometimes not realized especially after a protracted period. It is considered good
practice to periodically check the reference gas concentration using an independent method, especially
where the gases may be stored for long periods.

b) Calibration gases may be made in a dynamic system using permeation or diffusion tubes to
produce a range of concentrations (Figure [.1). Gas concentrations are calculated from the mass
loss of the diffusion or permeation tube. Subsequent independent analyses for verification may be
carried out if needed.
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c) A calibration gas stream for a gas or vapour that is liquid at room temperature (e.g. water) can
be generated by metering the liquid via a motor driven syringe pump into a preheated metered
nitrogen stream with PTFE-lined expansion bottles using a technique described in Reference [25].

d) Calibration of various gases by pressure regulation.

e) Calibration by using concentrated acids.

f) Recirculation system.

See below for methods of preparing calibration gases for water and other gases that are liquid at

room temperature.

Schematics pf prepared permeation and diffusion tubes are shown in Figure 1.1 (where the black

circles schematically represent solid stoppers)

9

a) Permeation tube

Key
1  PFTE tube

2 capillary|tube
3 glass

A schematic|of th&ealibration set-up when using gas cylinders or permeation tubes is shown in Figur

Move items [L and 2 and 3 (in Figure [.2) as close to the output of the permeation (alternatively difful

3\

b) Diffusion tube

Figure I.1* Schematic diagram of prepared tubes with solid stoppers

filled

el.2.

sion)

tubes as possible, and upstream of the permeation tube output and all other calibration gas sources
for which line losses are to be expected (e.g. water soluble gases such as acid gases and gases with low
boiling points. The diluent gas should also be preheated such that the gas itself is equilibrated to at least
150 °C to drive off adsorbed water from the line. Each heated line should be appropriately thermostatted
to match the detector cell temperature. The entire line and all valves from the permeation tubes to the
FTIR cell must be heated to prevent wall losses. A heated 4-way selector valve is used to select calibration
gas sources, such that there is no dead volume in the lines leading to the other calibration gas sources.
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Calibration of gases by pressure regulation is based on passing the gases to the FTIR gas cell
pump to the exhaust line (Figure 1.3)~This is achieved by first flushing the entire system w
and then the required calibration, gas for the time required to obtain a steady-state cd
read|ng. The valves into and oGtyof the gas cell are opened and closed until the cell is comp
After recording the spectrum the gas is flushed away and the pressure is decreased to a s¢
gas ¢ell is filled with nitfogen to the original pressure. This procedure is repeated seve
obta]n a range of concernfrations. It is necessary after each calibration series to clean the
lines|with nitrogen.erjurge air, and to record a reference spectrum. Additional precaution

Figure 1.2 — Schematic flow diagram for calibration by gas cylinder and permeati

madg¢ to dry the sampling system lines for calibrations of water soluble gases.
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through the
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Other Analytical Measurements
(NDIR, HPIC, Colourimetry, Bubbler trap, etc.)

Flowmeter

\ Cooling Coil and Dryer

!

Pressure
Gauge

Calibration
Gas

Higure 1.3 — Schematic flow diagram for calibration by pressure regulation

A heated, pumped, closed loop system (see Figure 1.4) attached’to the inlet and outlet of FTIR cell| may
also be used to generate known gas concentrations for calibration. If the system is of known volume,
then injecting known amounts of materials gives knowm,concentrations. After the calibration spgctra
have been obtained, the contents of the cell and loop may be swept into an appropriate trapping mefium
for subsequgnt analysis to determine concentrations’[27] Alternatively, the concentration in the closed
loop can be fhecked by a separate primary standard method.
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6  gxhaust
a [2: flow and cell pressure controlwith 6 mm stainless steel bellow valves.
b [alibration loop system.
c [1: flow and cell pressure centrol with 6 stainless steel bellow valves.
Figure 1.4.='Schematic flow diagram for the closed-loop calibration methoid
1.2 | Producing known concentrations of water
Watgr,spectra are necessary in all quantification methods, as water interferes with the absorptions of
many aof'the other gases. which need nnnnhflr‘nhnn Water is the main lnfprﬁ:rlno specieslover a large

portion of the mid- IR spectrum, and 1t is typically present in relatively large quantltles in fire effluents.
It is essential to correct for this interference. Although the exact concentration of water produced in a
fire is generally not required, it is important to quantify this in FTIR measurements in order to correct
the spectra of wanted species for the presence of water.

Quantitative spectra can be obtained for water and other gases that are liquid at room temperature
by metering the liquid via a motor driven syringe pump into a preheated metered nitrogen stream
with Teflon-lined stainless steel expansion/mixing bottles using the technique described in Reference
[25]. See Figure B.4 for a sampling system with a built-in water calibration system. The bottles and
heating coil are housed in the sampling/calibration system’s oven. A short length of microbore 1,6 mm
(1/16 in) OD polyimide tubing leads from an external programmable syringe pump through the oven
wall and through a stainless steel 6,4 mm (1/4 in) tee connected to the first bottle. The use of predrilled
reducing “vespel” ferrules allows the narrow bore tubing to enter a “Swagelok” compression connector
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and to seat inside the bottle inboard of the tee. Preheated nitrogen enters the first bottle and propels
the liquid spray entering the bottle. This enables preheating the diluant gas stream and assists in the
vaporization of the fine water mist.

An alternative method for collecting pure water spectra is to let a flow of nitrogen pass through a semi-
permeable tube that is positioned over a closed water-bath and the into the gas cell of the FTIR. By
slowly increasing the temperature of the water-bath, a range of concentrations of water are produced.
This method is practical for producing a large number of water spectra over many concentrations. The
absolute concentration of water is, however, unknown for these spectra. If quantitative information is
needed it is necessary to complement this technique with a quantitative calibration method for water.[25]
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(informative)

Calibration methods

J.1 General principles

The ¢alibration of an FTIR instrument for fire gas analysis is a complex and time—consumling process.
The following are the main problems:

— In many cases a reference and certificated standard concentration for a spécies of inferest is not
eadily available and may need to be generated and verified in the laboratery.

— Most gases do not give a linear correlation between concentration(and absorbance and it is not
racticable to carry out such calibrations on a daily basis.

— Itis not usually readily obvious if there is a problem with thealibration during use.

Howegver, the problems inherent in the analysis of complex niixtures such as fire effluenty necessitate
independent verification of the FTIR calibration for each species of interest.

Calibration of any FTIR spectrometer used for fire gase§analysis, involves the following st¢ps.
a) Define the species of interest and any known interfering species.

b) Apcquire spectra for each required speciesfor a range of gas concentrations in nitroggn. Note that
ome data reduction methods, e.g. CLS (Classical Least Square), need reference speftra of pure
ases, whereas other methods can werk with spectra containing multiple gases, e.g. PLS (Partial
east Square).

) efine the spectral bands tq be used for quantification and for correction procedures.

d) Define the quantification, model to be used. The model may be defined as a uniyariate or a
ultivariate type, as@vailable in commercial software packages.

e) VYalidate the method by comparison with other techniques.

The ¢alibration will'be specific to a particular gas cell at a given temperature and operat¢d at a given
pressure, with-theé same spectrometer. If any of these parameters change, a new calibratior] is needed.

Sensjtivitys;and linearity depend on the detector-type used. The MCT detector is far mdre sensitive

but orewnonlinear than the DTGS detector. The overall sensitivity of a MCT detector depends on its
methad-of rnn]ing, which is nqlml]y either hy a pip7nplprtri(‘ method or hy liqnid nifrngpn

J.2 Practical methods for obtaining calibration spectra

Calibration spectra should be obtained with as little interference from unknown species as possible.
It is therefore important that the calibration gases are dry and free from contaminants. Gas mixtures
of known concentrations may be used as reference gases for calibration where the precision of the
volume fraction of mixture components is consistent with requirements (e.g. the components of the
mixture are in a suitable concentration range and will not produce significant overlapping absorption
peaks). Calibration gases are typically a single or dual gas mixture in nitrogen, although in some cases
it can be useful to obtain calibration spectra containing fire gases from a well-defined fire scenario.
Gas mixtures can also be made using “diffusion tubes” or a “closed loop” calibration system. Where
mixtures of several gases are used, more refined data reduction methods must normally be used,
(especially in matrix based analysis methods such as PLS). In some cases, gases supplied in pressurized
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cylinders (e.g. hydrogen chloride, hydrogen bromide and hydrogen cyanide) can incur significant losses
over relatively short time periods and these compounds (and others) may need to be generated in the
laboratory just prior to calibration. See References [4], [18], [24], [25] and [27] for more details.

Calibration spectra must be collected using the same FTIR arrangements as required for fire gas
analysis. Any difference in cell path length, resolution, temperature, pressure, or spectrophotometer

throughput,

can significantly reduce the reliability of a quantitative evaluation.

Details concerning the collection of a calibration data set are included in Annex I and Annex K. Once
a calibration data set has been obtained, several methods can be used to create a calibration model
depending on the analysis method chosen (see ].3).

J.3 Quar

].3.1 Gen

FTIR analys
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J.3.3 Multivariate analysis

These methods include the following:

classica

piecewi
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multilinear regression (MLR);

1 least squares (CLS);

se-linear classical least squares (PCLS);

ridged regression (RR);

partial least squares (PLS);

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=c1ea3ff4084567e5a3f945b74b1b1335

— i

ISO 19702:2015(E)

mplicit non-linear latent regression;

— target factor analysis (TFA).

It is not proposed to discuss these techniques here. In essence, they use a number of mathematical
models and processes to combine the spectra of known or suspected interferences to match the fire gas
spectrum. The spectrum of the specified gas is then identified and the gas quantified using correction
curves to allow for any nonlinearity in the response of the FTIR. More information can be found in
Reference [16].

These methods require the interferences to be identified within the analysis method or selected from a

]argp database of spectra obtained by the analvtical method

Calib
FTIR
moré

rations corrected for interferences, are generally not linear with concentration and.dq
spectrophotometer characteristics, the chemical and physical nature of the gases of
fundamentally the nature of chemical bond and type vibration studied.

J.3.4 Confirmation of quantification method

Whe
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Recording reference spectra and building a calibration set

K.1 Spectral properties of reference gases

The gases specifically studied within the SAFIR project[18] [19] were H20, CO2, CO, NO, NO2, HCN,
HCI, and acfolein. Each gas has a unique FTIR spectrum which exhibits specific absorptiempeal
Table K.1, the spectral regions where these absorption peaks are observed are summarized.

NOTE The absorbance values relate to the specific spectrophotometer set-up used when‘the spectra
collected and|are cited here in order to show the relative absorbance of the various spectral regions for respe
gas. The valups for individual instruments may vary from those shown as they will be depgndent on the chd
spectral resolution, gas cell path length, detector, etc.

Table K.1 — Summary of spectral regions where absorptionpeaks are observed

HBr,
ts. In

were
ctive
ice of

Reference gas Volume fraction Spectral region Maximum absorbpnce
ui/1 Start End
cm-1 cm-1
4000 3400
H,0 12 000 2000 1170
500 —
3764 3480 0,63
CO; 15100 2400 2200 >6,0
800 520 2,46
co 3005 2264 1975 0,17
3457 3374 0,01
3160 2600 0,08
1783 1584 0,55
Acroleip 322 1452 1336 0,04
1200 1100 0,08
1054 872 0,12
670 500 0,02
NO 510 2000 1775 0,05
NO, 470 2939 2815 0,08
1667 1518 1,16
2525 2 442 0,04
50, 960 1410 1290 1,5
1253 1029 0,13
640 437 0,14
3400 3200 0,11
HCN 566 1550 1300 0,04
833 533 >6
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Reference gas Volume fraction Spectral region Maximum absorbance
ui/1 Start End
cm-1 cm-1
HCI 5420 3150 2500 0,28
HBr 1000 2 744 2290 0,04
HF 148 4200 4000 0,01

K.2
The

obtalned from pure samples of the gas over a range of concentrations.

NOTH

The

reliapility depends on the degree of linearity between absorbance~and concentration
absorbance-concentration relationship can be shown to be linear, two concentrations are 1
sufficient, although three are recommended. When deviation from-linearity is not strong
concentrations are sufficient, but four are recommended;{and when there is stron
behah[/iour, five concentrations are recommended.

For

spectral region for the higher concentrations to attaitf’sufficient linearity to maintain cd
accuracy. This is necessary for example, to accurately quantify a wide concentration range ¢
as CQ and COz and HCN when using the MCT detector. Some instrument software will at
genefate full concentration/time curves when\different spectral regions are uses for the

and

(excgpt water) and the recommended nixmber of concentration points used to create the
model are summarized in Table K.2~Itshould be noted that the MCT detector is signifi
nonlinear than the DTGS detector over'the same concentration range.

Collecting the rererence spectra

¢alibration response for a particular gas is usually determined by building a set of refer

The reference spectra may be composed of known combinations of gases n certain case

number of concentrations which are necessary to obtain a calibfation response

igh concentration ranges, it may be necessary to use a second or even third lowg

higher concentrations. The concentratidn ranges normally expected in fire gases for

ence spectra

D.

bf sufficient
. When the
heoretically
v then three
5 nonlinear

r absorbing
ncentration
fgases such
itomatically
e lower, mid
tach species
calibration
cantly more

Table K.2 — Recommended ranges of volume fractions and number of points for cdlibration
Reference gas Recommended Minimum volume Maximum|volume
number of fraction fractjon

concentrations ul/1 ul/l

COz 5 50 40 000

co 5 50 5040

SOz 2to3 20 10Q0
Acrolein 2to3 20 300
NO 3 10 500
NO2 3 20 500

HCI 5 50 10 000

HCN 4 10 1000

HBr 4 50 1000

HF 4 50 1000

K.3 Overlapping spectra

A major problem with the FTIR technique for fire gas analysis is the presence of water which is a
very strong absorber of infrared radiation over a wide range of wavenumbers and is thus capable of
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obscuring the absorbance from many of the required species. Table K.3 shows which spectral regions
and which species overlap. However, there are many other species not listed, with absorptions of
infrared within the same region.

Table K.3 — Analytical limitations and interferences for different gases

Analysed gas |Common range Analytical limitations Interferences
COy Few ul/Ito 10 thousands pl/1 N20, H20
co Few pul/Ito 10 thousands pl/1 N20, H20, COS
NO Few pl/1to thousands pl/l CoHy, H20
NO2 Few pul/1to thousands pl/1 SOz
HCN Few pl/1to thousands pl/1 CoHp
Water soluble. Must heat entire
NH3 Few pl/1to thousands pl/1 sampling system. CoHy
SO2 Few ul/1to thousands pl/1 H20,€;H2, HCN, CH4
Adsorption by pipes and filters,
HF Few pl/1to hundreds pl/1 water soluble. Must heat entire \(H,0
sampling system.
Adsorption by pipes and-filters,
HBr Few ul/I to hundreds ul/1 water soluble. Must heatentire
sampling system.
Adsorption by pipes and filters,
HCl Few pul/1to hundreds pl/1 water solublexMust heat entire |Hg4, C-C, C-H
sampling system.
HCHO Few pl/1to tenths pl/1 Adsorption by pipes and filters. |HCl, CHy, C-C, C-H
CHy Few pl/I to hundreds pl/1 HCI, HCHO
C2H Few pul/I to hundreds ul/1 HCN
CoH4 Few pul/1 to hundreds pl/1 NH3
CoHg Few pl/1 to hundreds pl/1

Resolutions|of <0,5 cm-1 are needed to resolve these interferences. The species do not need fo be
resolved to take interferences‘into account when the interferences are known and are corrected ip the
quantificatipn method. However, a resolution of <0,5 cm-1 enables visualization of this interferenge for
combustion|gas spectran-developing a FTIR method for a particular combustion gas mix, it is desifable
to select spgctral regiens with minimal spectral interferences. Interferences can be best minimiz¢d by
having sufficient resolution over selected regions of the spectrum with minimal spectral overlap.,| This
will assist quantification of a species in the presence of interferences. This is especially critical yhen
only a narrgw_spectral range is available, as is the case for the analysis of NO in the presence of|H0,
and HCN in thepresenceo iscommonfiregasrandisastgnificantinterferencefo ).

This information is presented in Figure K.1, where the spectral absorption regions are plotted against
the wave number of absorption. Using this figure, it is possible to verify which spectral regions overlap.
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