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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Sampling and analysis of fire effluents is required for a variety of applications in life threat assessments[41[11]
[26] and environmental impact from fires assessments.le] 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 can 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 methods used in other fields are occasionally employed (e.g. atmospheric pollution), obtaining
relevant data often requires specialized sampling and analysis techniques. This is due to the complexity,
reactivity and generally “hostile” nature of typical fire effluents, as well as the commonly observed rapid
changes in[concentrations with time and distance from the fire source.

The follow
inappropri

ng typical properties of fire effluents render more “traditional” methods of sampling and analysis

ate:

high tgmperatures of 1 000 °C or higher;

ce of aerosols (i.e. solid and liquid particulates) with a wide range of particle sizes and distribution,

er with adsorbed and absorbed chemical species;

preserl
togeth|
preserice of condensable organic and inorganic vapours (e.g. water);
high tuyrbulence, with spatially and temporally variable concentpations;

hd location
el);

wide range of species and their concentrations, typieally varying rapidly with time a
bspect to the fire source (or heating zone in the case,of a “bench-top” physical fire mod

avery
withr

preser]ce of acidic/corrosive species;

preserice of water-soluble species and/or or highly'reactive species resulting in sampling losses.

The identiffication of these factors has led to the dévelopment of new methods or the adaptation|of existing

methods fof

Common s
Standards,
is provideq
gases of to
for fire haz

Fourier Tr4
— single-

time-r
interes

r the sampling and analysis of the gase's and vapours in the effluent from fires and physic

ampling and analysis methods have emerged in recent years, and in some cases, In
such as ISO 19701, have beén published for selected gases and vapours. Much of this i
| in ISO 19701, which presents a variety of methods for the sampling and analysis of
kicological importange, Séveral methods are often needed to determine all the species
ard analysis.

insform Infrared (FTIR) spectroscopy offers an improved procedure, principally throy
method measurements of gases and vapours relevant to fire toxicology;

bsolvedimeasurements over relatively short periods (i.e. concentrations of chemical
t),”enabling the monitoring of chemical species development and decay throughout

h] fire tests.

rfernational
hformation
individual
of interest

gh:

species of
the fire or

physic

hl fire test; and

toxicant which is identified as important.

revisiting the stored FTIR spectra to potentially obtain relevant data concerning the presence of a

While ISO 19701 summarizes the technique and some applications of FTIR in fire gas analysis along with
many other common methods, this document provides details of the established requirements and best
practices for obtaining reliable sampling and analysis results using the FTIR method.

FTIR spectroscopy 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;

© IS0 2024 - 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 61(67), Part 2: Toxicity analysis[?]).

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 the Smoke Gas
Analysis by Fourier Transform Infrared Spectroscopy or SAFIR, a European Union-funded project!18][19]
which focused on the testing and validation of an extractive FTIR method when used in a variety of situations.
The results of the SAFIR project formed the basis of the first edition of this document (ISO 19702:2006). The
second edition of this document (ISO 19702:2015) was based on subsequent updates e.g. References [8],
[15], [21], [25] and [27].

Any chemital analysis is selective in terms of chemical species determined and the accuracy-aifl precision
of quantitptive measurements. Some chemical analytical methods can be appropridte “for accurate
determination of some species but less appropriate for other species. Thus, despite/the abilI';y of FTIR
spectroscopic analysis to measure a wide range of chemical species of interest in the“field offlife threat
from fire, additional methods can also be necessary to determine all the species ofinterest for g particular
application. However, the use of FTIR analysis alone can provide data of sufficient quality to identify and
calculate the concentrations of many of the chemical species that are important.in toxic hazard agsessment.

© IS0 2024 - All rights reserved
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Sampl

ing and analysis of toxic gases and vapours in

fire effluents using Fourier Transform Infrared (FTIR)
spectroscopy

1 Scope

This docurent specifies requirements and makes recommendations for sampling systems fortus
scale and lprge-scale fire tests, for the selection of parameters and use of the FTIR instrument,
collection and use of calibration spectra.

The primary purpose of the methods outlined in this document is to measure the condentrations
species in fire effluents which can be used to:

data for use in combustion toxicity assessment without requiring-bielogical studies;

allow ghe calculation of yield data in fire characterization studies;

data for use in mathematical modelling of hazard to life from the fire effluent by cha

the effluent composition generated by physical fire models;

charadterize the effluent composition of small-scale physical models and larger-scalé

ative purposes;
n the validation of numerical fire models;
conditions for exposure in biological studies if required;
r biological studies where used; and
n the interpretation of biological'studies where used.

nent specifies principles ©fysampling and methods for the individual analysis, in fir

e in small-
hnd for the

bf chemical

racterizing

b fires for

b effluents,

e volume fractions of €arbon monoxide (CO), carbon dioxide (CO,), hydrogen cyanjide (HCN),

hloride (HCI), hydrdgen bromide (HBr), nitric oxide (NO), nitrogen dioxide (NO,) aj
D).

a) provi
b)
c) provi
d)

comp
e) assist
f) setthe
g) monit(
h) assist
This docu
of airborn
hydrogen
(CH,CHCH
NOTE |
high conce

"E
In most co|

is in the rg
cent for C(

epending on the optical path length, there can potentially be some saturation of certain speqd
ation, leading to incorrect volume fractions.

mons«€ases, a wide concentration range can be measured by an FTIR instrument.
nge ofa few ul/l to thousands of ul/I for HCI, HBr, HF, SO,, NO,, and HCN, and up t
,CO, and H,0. These mentioned species are only indicative, and many other specig

hd acrolein

tral lines at

'ypically, it
a few per
s could be

added.[27] A tthoughmotspecificatty defimred-imrthis documrent; as they were ot specificatty stu
SAFIR project,[18] the method presented is also suitable for analysis of other gaseous species, including e.g.

hydrogen f

luoride (HF) and sulfur dioxide (SO,) with appropriate sampling methods.

lied in the

Calibration methods are provided in this document. 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 for maintaining the instrument in a suitable condition for use in fire

effluent an

alysis.

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.

© IS0 2024 - All rights reserved
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This document provides general recommendations for the sampling and analysis of fire effluents based on
best practice as determined from a wide variety of small-scale and large-scale standard and ad hoc fire
test studies. This document is not necessarily applicable for use in specific published fire test methods
where FTIR is 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 within the published standard test
procedures are followed. However, if such specific requirements have not been published, this edition of this
document can be used as a basis for acceptable results.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest gdition of the referenced document (including any amendments) applies.

ISO 1282841, Validation method for fire gas analysis — Part 1: Limits of detection and quantification
ISO 13344 Estimation of the lethal toxic potency of fire effluents

[SO 13571, |Life-threatening components of fire — Guidelines for the estimation of timé<{o’compromised tenability
in fires

ISO 13943 | Fire safety — Vocabulary
[SO 19701,|Methods for sampling and analysis of fire effluents

3 Termis and definitions
For the pugposes of this document, the terms and definitions'given in ISO 13943 and the following apply.

[SO and IE( maintain terminology databases for use in@tandardization at the following addresse]

2]

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

— IEC Elgctropedia: available at https://wwiwelectropedia.org/

3.1
apodisatign
mathematical process to correct-deviations from the theoretical interferogram obtained [in Fourier
Transform|Infrared (FTIR) spectrosCcopy

Note 1 to enftry: 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
monochromatictelectromagnetic radiation of the same wavelength when the beams have travelled over a
different ppth 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. Resolution is
generally expressed as the width at half height of a single absorption band recognized as “isolated and thin".

Note 2 to entry: This is commonly expressed in units of cm! and is the smallest spacing between absorption peaks
that can be resolved.

© IS0 2024 - All rights reserved
2


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=8fd70e47a499f9aa6cb8d9cd14843d80

ISO 19702:2024(en)

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
3.5

on the species

trueness of wavenumber
ability of a given spectrophotometer to provide an accurate radiant flux at a specific wavelength or

wavenumb

3.6

er

wavenum
v
inverse of {

Der

he wavelength, A, of electromagnetic radiation

1
Note 1 to entry: v zz
where v is ¢xpressed in reciprocal centimetres (cm=1) and A is normally expressed in-um. This entails 4 conversion
factor of 10{000 in the calculation of wavenumber from wavelength.
3.7
zero filling
correction|technique applied to sparse data to enable intermediate data points to be genefated by a
mathematical regression
4 Pringiples
A system for measuring concentrations of gases and vapours in fire effluent by the extractive FTIR technique
consists of a sampling system, a “flow-through” optical cell, an infrared light source, an intefferometer
and an optiical detector. Software is required to, éxtract species identification and concentratiors from the
collected sjgnals.
The sampling system is designed to deliver a’gas flow to the FTIR optical cell that is as true a repfesentation
as possiblg of the effluent in a known.region from which the sample is extracted. Inaccuracies,|caused for
example, by condensation or adsorption losses in the sampling tubing need to be understood, quantified and
applied to the final results.

A detailed
References

The mathd
proprietar
calibration
concentrat

Hescription of the principles of infrared spectroscopy and FTIR is provided in many text
[12], [16] and J28]. Annex A gives the general outline of this principle.

matics bycwhich an FTIR spectrophotometer generates species concentrations i
y and varies among manufacturers and models. Obtaining accurate concentration
examination of the spectroscopic peak shapes and separations, and perhaps verificat
ions.using a second analytical technique.

sincluding

s typically
S requires
on of some

5 Sampling

5.1 General

The requirements for the sampling systems given in this document are in most cases generally applicable
both for large-scale and small-scale testing, but details of sampling requirements for specific tests are not
included. This detail is to be provided with the International 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

© IS0 2024 - All rights reserved
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geometry of the optical cell in the FTIR spectrometer.1811191(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.

The filter in the sampling train shall capture particles to avoid deposits on mirrors in the FTIR cell. Guidance
for the selection of filters is provided in 5.3.

The design of the sampling line and the flow characteristics affect the time of the concentration

measurements. Guidance for sampling line design and sampling flow selection are provided in 5.5 to 5.7.

The cell v

the measul

For safety
fixture or
not disturl
it is anticip
after meas

The requir
AnnexM g
suitable fo

q

J

NOTE
described ijf

5.2 Temperature of the sampling system

5.2.1 Th
temperatu

5.2.2 Th
higher thal

luma and cgoamaotru cat ractrictione an tha camnla flauw nead ~nd thue an thao timag -
‘‘‘‘‘‘‘‘ e o ey o E T T e T T et O S Ot e S P e o vy oo B oo e trrer o Ot e e e g

rements and uniformity of the gas in the optical cell. Guidance for cell selection is prov

reasons, the extracted and analysed gases are to be returned to the exhaust ductof t
therwise disposed of in a safe way that does not endanger personnel and te alocatio
measurements. With a standard test which has a requirement or option to\use FTIR g
ated that this test will provide specific requirements for the safe disposal of the efflu
irement (e.g. whether the effluents will be recirculated or safely discharged elsewher

ement for each part of the sampling system is described separately in the following
ves examples of proprietary FTIR equipment and sampling systems that have been p1
" fire effluent analysis.

ampling in large-scale tests such as in the ISO 9705 seriessand in large open calorimeters (IS
Reference [3].

e sampling system shall be heated to a témperature which shall be set between 150
Fe of the gas cell (recommended maxinium 190 °C).

b temperature of the entire samipling system shall be kept at an even temperature
1 the gas cell temperature to@avoid condensation in the cell.

NOTE 1
set-temper
Clause F.1.

I

The tempe
temperatu

The tempe
fire gases f

is important that the gas-inthe sampling system is heated to a temperature as close as po
ture of the sampling system. A procedure for checking the gas temperature in the optical ce

rature of the system should optimally be even, but the most important condition
Fe of the gascelVis the highest in the sampling system.

rature shall be high enough to prevent condensation and losses due to the dissolving
rom theé sample. The whole sampling system shall be kept at a minimum temperatury

although t

e recommended temperature is 180 °C.[18][19]

solution of
ided in 5.8.

he fire test
h that does
is analysis,
ent stream

bubclauses.

roved to be

0 24473) is

°C and the

and not be

bsible to the
l is given in

is that the

r of soluble
e of 150 °C,

NOTE 2

I'ne Temperature 1s not permitted to exceed ZUU “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.

5.3 Filter systems

5.3.1 A gas cell with internal mirrors shall be protected from soot/particle deposition from the sampled

effluent, w

ith a particulate filter.

5.3.2 The filter is commonly 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

© IS0 2024 - All rights reserved
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NOTE1 Correct placement of filters in the sample train is important, since incorrect filter placement can result
in significant sample losses (e.g. through gas adsorption on particles) which leads to distorted concentration/time
profiles of the measured species.

NOTE 2  For certain designs of filter and housing, placing the filter directly between the probe and the sample line
can in some cases cause problems in the early stages of a compartment fire test. The filter medium, even though heated
externally, can be cooled internally by the cool sample gas stream. A significant temperature differential can then
develop between the internal filter medium and the heated filter housing. This creates conditions favourable for the
condensation of water, water-soluble acid gases and high boiling point vapours within the filter medium. The trapped
gases can be released as the filter medium temperature increases, further distorting the concentration histories. To
avoid this, a sufficiently long sample line, with the appropriate number of heated segments, can be used to preheat the
sample gases to the intended sample line temperature prior to contact with the filter medium.

5.3.4 Thefiltershallbeheated-to-atemperature-which-shallbesetbetweend50-2Cand-the-temperature of
the spectrgmeter gas cell.

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

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

NOTE A cylindrical filter has a large area which gives a high filtration capacity, and this is especially important
for the primary or pre-filter. Cylindrical ceramic filters with a length of 75 mm, a diameter of 31 mm and g3 porosity of
2 um have Heen successfully used in various types of fire test.[131[141[18] Alternativie materials for cylindrichl filters are
polytetraflyoroethylene (PTFE), glass fibre and stainless steel.

Glass wool] ceramic and stainless steel filters could induce losses ofdiydrogen fluoride and should|be avoided
in the sampling train when hydrogen fluoride is likely to be present in the effluent stream.

The porosity and size of the filter shall be chosen as a compromise between sufficient entrapment|of soot and
other particles without premature clogging of the filter, using the recommendations within thi§ subclause
as a guide.

5.3.6 Plane surface filters may alternatively be uSed.

NOTE1 Rlane surface filters generally have a:lewer filtration capacity compared to cylindrical filter$ with more

likelihood ¢
cylindrical |

NOTE2 Y
plane surfa
successfully
steel filters
selection.

5.3.7 Fil{
filter can b

NOTE1 A
onto the sod

f early blockage occurring. Thesé gan, however, be used effectively as secondary filters
bre-filter.

Vhere no pre-filter is used,a 1 um porosity, 47 mm to 75 mm diameter filter is the best com
e filters (compared to 0,45 pm and/or 5 pm for PTFE), although other porosities and diamg
used.l18] Alternatively, @ 1 um or 2 um stainless steel filter has been reported to be successf]
can be cleaned and’regenerated by calcinations. References [15] and [21] provide detai

ers shall be’analysed for the presence of acid gases if these are to be measured and Ig
e expected.

\cid gas losses in the filter are due to adsorption onto the soot and or liquid particles in the f

following a

promise for
bters can be
ul. Stainless
s on filters

sses in the

re plume or
centrations

t retained by the filter. The adsorption losses are especially important when measuring low cor

of acid gases or when sampling over a short time period. Under these conditions, acid gases can 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.[l8] The chemical
analysis of the filters in door opening measurements in the ISO 9705 series 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 filters. A slightly greater retention of HCl was seen for a planar glass fibre filter (losses of between 1,1 %
and 5,8 % relative to the total sampled amount). In both cases the higher relative losses of HCl were found when the
measured concentration of HCl was low.
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The kinetics of absorption onto the filter has not been characterized and it is therefore difficult to establish
a true time/concentration profile of the acidic species in the sampled fire atmosphere. However, when the
total amount of gas produced during the combustion is required, the quantity measured on the filter should
be added to the total amount measured by FTIR (see Annex C). It is stressed that the adsorption on the filter
has an effect on the accuracy of the time-dependent measurement of the gases evolved during combustion.
When a time-dependent measurement is required, information on gases analysed on the filter should be
considered in order to estimate the potential effect on the concentration/time data.

5.3.8 It should be noted that some filter materials can contain chlorine. The chlorine content of a clean
unused filter should be measured to provide a baseline for the determination of the level of adsorbed
chlorine from the fire gases.

5.4 Sampling probes
5.4.1 Gepneral

5.4.1.1 Two types of probes can be distinguished: “single-hole” and “multi-hole? The choice depends on
the physicql fire model from which the sample is being extracted in order to obtain‘a representative mixture
of effluent|Examples of the two types of probes are shown in Figure 1.

Dimensions in millimetres

m o
s o
° 1
P
e
N O
Key
1  inner diameter
NOTE An inner diameter of @sirigle-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 exhausf duct

5.4.1.2 The probe shall be made of material resistant to corrosion and shall not otherwise react
significant]y with the gases to be analysed.[181(19]

NOTE1 PTFE or perfluoroalkoxy polymer (PFA) is recommended as the contact material for the effluent stream.

NOTE 2 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 influence 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 these react with hydrogen fluoride (HF).
NOTE 4  Astainless steel probe placed in a position with an initial temperature lower than the sampled effluent can

cause condensation of products including water. This will lead to sample losses. An important example of a gas species
prone to losses is hydrogen chloride (HCI).
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NOTES5 A practical probe can be constructed using stainless steel tubing lined with a narrower-bore PTFE tube or
lined with epoxy resin. The stainless steel tube will facilitate direct ohmic heating (i.e. passing a low voltage electric
current through the metal tube) and the PTFE or epoxy lining will further reduce losses on the probe surfaces.

NOTE 6  PTFE can lose structural strength at temperatures near 190 °C, which can restrict the flow if pressure
drops significantly along the sampling line. In this situation, the upper limit of the heating temperature for the
sampling line needs to be modified, and the flow constriction needs to be re-checked after a test. Data obtained under
severe the flow constriction has to be discarded.

5.4.1.3 The probe shall be cleaned before each test to ensure that the holes do not become partially or

wholly blocked.

5.4.2 Single-hole probes

5.4.2.1 Where the effluent stream is likely to be well-mixed/homogenous, a single-hol¢ probe is
appropriatge.

5.4.2.2 Ip the case of a flow-through type of physical fire model (e.g. a tube furnacelZl), the|extraction
probe takdgs a proportion of the total homogenous flow from the apparatus.and directs it tp the FTIR
spectrometer. A single-hole probe is therefore appropriate for such applications.

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

NOTE A single-hole probe is used in many standardized test procedures where the effluent stream|is assumed
well-mixed pnd homogenous e.g. Reference [9]. However, due to stratification effects in fire chambers and in extract
ducts wher¢ laminar flow is present, (i.e. leading to poor mixing) thegas concentration can fail to be upiform over
the chambef or duct volume and the measured gas concentration igthus dependent on the position of thg single-hole
probe. In these situations, the use of a multi-hole probe is appropriate where the non-uniform gases can|be sampled
over a more|representative area.

5.4.3 Multi-hole probes

5.4.3.1 When stratification is present in-the’effluents from the fire, a multi-hole probe is preferred to
obtain a representative sample from across-the stratified layer.

5.4.3.2 A minimum hole diameter 0f)3 mm is recommended for multi-hole probes for most applications.
5.4.3.3 The holes in a multi-hale probe shall be directed downstream in the effluent stream to avoid direct
impingemgnt of soot particlessand thus reducing the possibility of blocking of the holes.

5.4.4 Prpbe positioning

5.4.4.1 In orderto avoid perturbation in the effluent, the rate of volumetric sampling shall |be a small
fraction (<25 %) of the total flow rate in flow-through apparatus or the total volume in a fijed volume
apparatus

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 can 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].
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NOTE1 Measurement of the volumetric exit flow is necessary whatever probe type is used in order to convert
measured concentrations to total flow of gas species from a test enclosure. The exit flow can be measured using
traditional velocity probes such as pitot tubes, McCaffrey probes[23] or more advanced optical methods, e.g. particle
image velocimetry. An alternative method is to calculate the exit flow based on the pressure difference between the
test enclosure and outside and the height of the neutral plane (i.e. a virtual horizontal plane separating the outgoing
effluent from the clean incoming air) in the stratified case. An example of this method is given in Reference [22] and

more details can be found in Reference [20].

NOTE 2

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

intensity and the position of the neutral plane can stabilize during the “steady-state” period where the fire growth is
relatively stable (e.g. due to ventilation control of burning rate rather than fuel involvement control of burning rate).

NOTE 3

It is often not possible to directly measure the exit flow using velocity probes as the pressure difference

over the opening is relatively small and the often turbulent outflows in the opening have velocity components in

directions o

5.5 Sampling line

5.51 Th

5.5.2 Ar

NOTE1

sampling lifes.

NOTE2 4
gases. An in
enough to p
successfully
the samplin|
long sampli
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NOTE 3
filtration sy
during sam
method of a

NOTE4 1
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line to mair]
positioned i
will be sign
fire develop
amount of 1

sampled. The thermostatted section of the heated sampling line furthest upstream line (i.e. close to t

probe wherj
section of p

5.5.3 Th
line shall b

NOTE 1

ther than the normal direction to the exit plane.

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

padily replaceable sampling line is preferred.

farious materials, such as PTFE, PFA and PTFE-lined stainless stgel, have been found

A heated gas sampling line with a fluorocarbon such as PTFE or PFA offers the best resist
ner diameter of 3 mm to 4 mm is suitable. The length is preferred to be as short as possible
reheat the sample gas to the cell temperature. Sample line lengths between 4 m and 20 m hayj
[31[25] although sampling problems due to the adsorptief’of gases, particularly acid gases, onto

hg line is the back-pressure that increases with thellength.

aturation behaviour for adsorbed speciesswithin the sample line is also possible as descr
stems. This implies that a sampling line whieh has been pre-aged with acid gases will adsorb les
bling than a pristine line. However, this;behaviour has not been characterized and thus a re
peing the line is not available.

Nultiple heating circuits are.réecommended for fire effluent sampling where the temperd
bes changes as a fire develgps,*Separate heating circuits are needed for each section of a he
tain the desired temperature profile along the entire length. The controlling thermocouple/
In the centre of each thérmostatted section. If only one heating circuit is used, the upstream en
ficantly colder than®he mid-section when sampling cool air in the early stage of fire develop
s, the hot point of’the heated sample line moves downstream. For a multi-thermostatted hea
eat applied to.€ach circuit per metre of sample line is dependent on the temperature of the

e fitted) meeds to be no longer than 1 m, as significant acid gas losses can occur over even
porly heated sample line.

e blockage of the sampling line will result in increased backpressure, and in this case th

suitable for

ince to acid
hind yet long
e been used
the walls of

o line, together with soot build up is more likely with-a longer sampling line. Another disadvaptage with a

bed for the
s acid gases
rommended

ture of the
hted sample
t need to be
d of the line

ent. As the

ﬂrilng line, the

gases being
he sampling
h very short

e sampling

e Cleaned at the end of the test. 1 he validity of using the test results shall be reviewed.

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:

Connect a pressurized (1 000 kPa) 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 needs to 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.[23]
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blocked. A large Luer-tipped syringe with an appropriate adapter can be used.

If the spitball method is not effective, back-flush the line for a first time with deionized water if the line is very

Alternatively: 1) let the line stand with the water inside for at least 1 min; 2) then purge 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 solution 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 shall be set between 150 °C and the
temperature of the gas cell (recommended maximum 190 °C).

NOTE 1

Multiple thermostatted heated line segments controlled by the same number of temperature controllers

can be necessary for keeping each section of the sample line within the recommended temperature range.[23]

NOTE 2

capxanling et oo b e ao o

a) Insertd
b)

9

Start th

temperj

NOTE3 |
steel tubing
wire. These
ceramic clo
commerciall
system can

NOTE4 1}
drops signi
sampling liy
severe flow

5.6 Puni

5.6.1 Th

A pump c{
approache

e sampling pump at the specified flow rate and wait until the system stabilizes.

Note the temperature through the length of the sample line and adjust the temperature set p

ature controller as required.

farious methods have been found suitable for heating, including direct ‘@hmic heating (i.e. w
, passing a current directly through the tube at low voltage), proprietary heating tape and he
heating lines will have an external layer of thermal insulation (e.g,glass wool and glass fibre t
th tubing and/ or ceramic cloth lined silicon-coated tubing). GuStom heating line options a
[ly that are PTFE-lined, flexible, insulated, with a weatherproof, thermally robust covering
be controlled by commercially available temperature contrallers.

TFE can lose structural strength at temperatures near 190 °C, which can restrict the flow
ficantly along the sampling line. In this situation,:the upper limit of the heating tempera

e needs to be modified, and the flow constriction needs to be re-checked after a test. Data obt]
constriction has to be discarded.

p selection, position, and flow rate

e sampling pump can be of “pushing” or “pulling” type.

in either push or pull the gas sample through the FTIR gas cell. Examples of the
5 to sampling system design (i.e. pump “pushing” or pump “pulling”) are presented i

Pushing enables the use of ansanalyser bypass loop with a bypass regulator, which ensures

cell pressy
the samplg
Alternativg
of the filte
with nonli
pump, so p,

A motor-di
cell. These

re resulting in mdre-accurate concentration measurements and a constant flow ra

cell throughout-the life of the filter, resulting in more accurate gas concentratio
ply, if the gasesare pulled through the FTIR gas cell, the gas cell pressure will drop duf
- if the pumpflow rate is maintained. This can be a major source of error, particularl
hear calibrations. In both cases leakage is possible particularly between a clogging fil
ressure tests should be performed after each filter change.

izen high temperature bellows-type pump should be selected for pushing sampled ai

thermocouple at the open end of the sample line to allow it to reach the entire length of the lipe.

int of each

th stainless
ating tracer
pes, flexible
e available
The whole

if pressure
ure for the
hined under

two main
n Annex B.
a constant
e through

histories.
ing the life
y for gases
ter and the

" to the gas

pumps witt ot comtamimate tire sampte and the pump - tread“Tam be praced i a the

chamber with the driving motor positioned external to the thermostatted chamber.

mostatted

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

NOTE 1

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.
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5.6.3 The flow rate of the extracted effluent shall not perturb the studied test or experiment and shall be
low enough not to affect the gas concentration in the test apparatus. The procedure in Annex D shall apply
for the determination of the response times.

NOTE With respect to 5.6.3, the flow rate of the combustion gases drawn into the system needs to be high enough
to achieve the desired time of 90 % response, from sampling probe to analyser, termed “ty,". This is a function of the

flow rate and the internal volumes of the filters, tubing and gas cell.

5.7 Response time of the sampling system

5.71 A small volume gas cell is generally desirable for time-resolved combustion and fire gas analysis to
ensure rapid throughput and measurement.

4

NOTE
instrument
custom cell

5.7.2 Th
The protog

NOTE2 ]
for ensuring

NOTE 3
line; 2) the
element(s);

I

5.8 Optical cell

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

e response time for the sampling system shall be determined.

ifferent equipment in different laboratories makes it impractical to $pecify a single experim|
F acceptable response time for FTIR measurements.

actors influencing the response time are: 1) the length andjinternal diameter of the heats
internal volume of the measuring cell and filtering element(s); 3) the geometry of the cell 3
1) the sample flow rate; and 5) the presence of any cold spets in the sample train.

m long path length cells are available with internal volumes as small as 160 ml on comnlercial FTIR

hller volume

ol summarized in Annex D shall be followed for the empirical deternfination of the response time.

ental set-up

bd sampling
nd filtering

5.8.1 The gas cell shall have an internal volume that gives an acceptable response time.

NOTE Jee Annex E for considerations for optical-cell performance.

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

NOTE Jee Annex E for the influencé on detection limits from the optical path length.

5.8.3 The¢ window of the gas'cell shall be transparent to the range of infrared radiation and the gas cell
shall be made of inert material-that is resistant to the fire gases measured.

NOTE1 Nickel or synthetic silica is often used as the 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 pf sufficient

thickness. Q

NOTE 2 |
to moisturg

aution aiid frequent checking have to be taken using this type of equipment.

otas§sium bromide (KBr) cell windows are not appropriate for fire gas analysis as they a

650 cm™! to

these windows even more resistant to water.

. Zinc selenide (ZnSe) has a high thermal resistance and is transparent over a usable spect
00— nd [c [ eT. ZNST wWindow [C avallable with additional coa

4| ra

O Wd

5.8.4 The gas cell shall be heated to a minimum of 150 °C.

NOTE

higher temperatures.

re sensitive
al range of
gs to make

A recommended maximum cell temperature is 190 °C as fittings and gaskets can be degraded over time at

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

© IS0 2024 - All rights reserved
10


https://standardsiso.com/api/?name=8fd70e47a499f9aa6cb8d9cd14843d80

ISO 19702:2024(en)

5.8.6 It is 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. The requirements in Annex F shall apply.

NOTE1 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.

[t is important that both the cell pressure and temperature are kept constant (see Annex F) as these affect
the intensity and shape of the spectra. If the temperature or pressure in the gas cell during measurements in
a fire test cannot be maintained at the same value as those used when collecting calibration 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 correction is valid only for limited variation in pressure
and temperature. This correction is not always effective 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 optical performance.

NOTE FProcedures for maintaining the gas cell are given in Annex F.

6 The HTIR spectrophotometer

6.1 Spec¢trophotometer environment

The spectijometer shall be located in a suitable environment to ensuré correct and stable operation. The
location shall be free from vibration, extremes of ambient temperature and humidity. Access to all parts
should be ynobstructed.

NOTE (ieneral information on an acceptable FTIR spectromieter location and installation can e found in
Reference [10].

6.2 Detector
The choice|of the detector depends on the requirements of sensitivity, response time and limit of detection.
NOTE Mercury cadmium telluride (MCT) detectors are faster and can provide a sensitivity of up to 1P times that

of a Deuterdted tri-glycine sulfate (DTGS) detector. However, MCT detectors are more nonlinear than DT(S detectors.
See Annex ( for details.

6.3 IR-spurce

Two types pf sources are frequently used, the “Nernst” source or the “Globar” source. Both types ¢an be used
for the purpose of this document.

6.4 Mirror alignment and cleanliness

In order tojmaximize the sensitivity of the spectrophotometer-cell combination the mirrors shall e properly
aligned ang 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.

6.5 Spectrophotometer compartment

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

NOTE Afilter can be added to remove remaining trace concentrations of water and CO, in the nitrogen purge gas.
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6.6 Spectral range limits

The spectral range used determines which species can be identified and quantified. A wavenumber range of
650 cm™1 to 4 500 cm~! is recommended.

NOTE 1

In practice, the range is limited by transparency properties in the infrared beam splitter and gas cell

window, and also by the detector sensitivity. The use of ZnSe windows to the gas cell gives a useful wavenumber range

of 650 cm™1

NOTE 2

to4 500 cm™1L.

experimental spectra. For details of calibration techniques, see Clause 7, Annex I and Annex J.

6.7 Resolution

A resolutid
although a
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Itis the reg
analysis uf

of the efflufent, in accordance with ISO 19701.
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q
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7 Calib
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71.1 Ex
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71.2 Th

NOTE /
7.2 Limj

7.21 Th
limit of det

5 is identified and corrected by the software.

n of 0,5 cm™ or finer is recommended for minimization of interferences in fire, ‘g9
coarser resolution (> 0,5 cm™) is allowed as long as spectral interference ffom g

ponsibility of the operator to ensure that the resolution of the FTIR instruinent is adeqy
idertaken. This shall be confirmed by the use of a separate quantitative.analytical mq

ee Annex G for details regarding resolution.

ration

essive background noise could be produced from a number of sources such as the IR
a poor optical path alignment. It can,also be caused by electronic sources in the FTIR
[ is also a function of resolution/apodisation function, and use of zero filling as well a
ng mirror.

e background noise shall'be’determined in various positions in the spectrum to be use

A procedure for the determination of background noise is given in Annex G.
ts of detection and of quantification (L and L)

e cell pathdength and signal-to-noise ratio of the output from the FTIR instrument det]
ection;-Lp, and the limit of quantification, LQ, of the method.

For quantitative analysis, calibration spectra are collected using the same spectral range as for

s analysis,
verlapping

hate for the
asurement

fion, sample gas temperature, cell temperature, cell pressure arid apodisation function should be
the same for calibration spectra and experimental spectra.

source, the
nstrument
b the speed

ermine the

hmlanh & oWl

NOTE 1

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

NOTE 2

A practical procedure for the determination Ly, and L is given in Annex G.

7.3 Calibration methods

IS0 12828-1 describes different methods for estimating these limits. The method adapted for this document

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 I

nformation on appropriate calibration methods are given in Annex J.
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7.3.2 The calibration is specific to a particular gas cell at a given temperature, path length and pressure.
The calibration is also specific to the resolution, apodisation, phase correction and gain of the specific
spectrometer. If any of these parameters change, a new calibration shall be carried out.

7.4 Acquiring and collecting calibration standards

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

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

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

NOTE
Annex K.

Information on recording reference spectra for calibration and building the calibration set gre given in

8 Measurement procedure

8.1 General

It is important for the limits of detection and quantification to be appropriate\to the species beingmeasured.

Each speci
shall be wi

Care shall |
scans for c
to be treats
change sig
changing f
gas in the 3

s required for the measurement, as specified in ISO 13344, [SOQ8571 or a specific test

bd differently: errors can be encountered for nonlinear detectors when the test gas con
nificantly during the multiple scans needed te\obtain an average test sample spe

pectral region of analysis should be consideféd when selecting the number of spectra

thin the limits of quantification and detection at concentratighs of toxicological signifi

pe taken in selecting the number of spectra to average::it is preferable to maximize the
hlibration spectra to achieve the most accuracy as possible. Rapidly changing sample s

re gas concentrations, the shape of the expected test gas history curve and the lineat

procedure,
cance.

number of
ectraneed
rentrations
ctrum. For
ity of each
to average.

NOTE T
long purge ¢

o ensure optimal detection limits, the optical bench of the FTIR instrument needs to be nitrogg
an be required to minimize water vapouiinterferences. It can need to be initiated a day or twd

bn purged. A
in advance.

Conformarjce with this document implies that:

the sapling procedure used isinaccordance with current internationally accepted “best practice” for

the applications described;

the an ture of the

fire eff

hlytical procedure s earried out with due regard to the restraints imposed by the ng
luent atmosphere-and the limitations of the FTIR methodology itself.

8.2 Daily setup, checks and controls

8.2.1 Gepneral

All of the fa nstrument
shall be set up and used under the same condltlons as those for callbratlon measurements in terms of
resolution, iris aperture, gain, mirror scan speed apodization 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 peak height
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and wavenumber trueness. Wavenumber shifts can cause significant errors, particularly for high resolution
0,5 cm! spectra with narrow peaks. One source of interferometer errors is aging or malfunctioning of
interferometer electronic boards.

“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, CO,, C,H, and CH, has been found suitable for daily calibration
control. The same concentration of each gas in the control gas mix should be used if daily comparisons are
to be made|.

8.2.3 Sppctrophotometer sensitivity measurements

With no s4

signal from the FTIR detector shall be noted. These parameters shall then be compared to the in

obtained a

If the signg
described 1
and chang

mple in the gas cell, the signal attenuation and the beam aperture needed\to produg

fter the qualification procedures of Annex H have been carried out (ice, the “nominal v{

| attenuation obtained is under 50 % of the nominal value, proceed’to the cleaning of|
n Annex F. If this operation does not lead to a strong reduction of attenuation, check th
e them if needed. If all these operations are insufficient teidecrease the attenuation|

e a normal

fitial values

alues”).

mirrors as
e windows
there can

potentially be a further technical problem with the interferometer.

NOTE Dedicated software can be provided from the manufacturerofthe FTIR allowing a check of the spectrometer
sensitivity.

8.2.4 Sampling system tests

The sampling system shall be tested for leaks.

NOTE1 leaks developing in the sampling train.can allow dilution of the sample or losses of sample d¢pending on
whether theg pump is “pulling” or “pushing” thessample. This will affect the calibration parameters of the HTIR.

NOTE 2  To check the sampling system for‘leaks with a sample pump of “pulling” type, block the dpening/s of

the samplin
pressure in
off, there arf
also be cheg
the filters a
10 psi (68,9

8.2.5 Co

The methd

Hicator reaches 100 Torr (13,33 kPa). If this value cannot be achieved or held when the pump
e leaks in the sampling-system and all parts have to be checked and where necessary repaire
ked by installing shuteff valves at key positions on the sampling train (e.g. upstream and doy
nd the pump), along.with a pressure/vacuum gauge and a 3-way valve to introduce nitrogen. P|
b kPa) and checKif the system holds pressure (see Reference [25] and Figure B.2).

ntrol of the sampling flow rate

d forcontrolling the sampling flow rate is dependent on whether the sampling sy

g probe or the end of the sampling line with no probe fitted, with the sample pump operating, until the

is switched
. Leaks can
vnstream of
ressurize to

rstem is of

“pulling” o

I {pushing” type.

NOTE 1

flowmeter, a bubble flowmeter or a dry meter) can be used to calibrate the rotameter.

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

For a sampling system of the “pulling type”, i.e. when the pump is placed after the sample cell, the flowmeter
should be positioned at the sampling point of the system.

NOTE 2  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
needs to experience atmospheric pressure (see Clause B.1). The flow is controlled downstream at the vacuum pump.
The flow needs to 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. This can pose major errors,
particularly for quantification of gases in nonlinear calibration ranges.

© IS0 2024 - All rights reserved
14


https://standardsiso.com/api/?name=8fd70e47a499f9aa6cb8d9cd14843d80

ISO 19702:2024(en)

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 rotameter
(no needle valve) shall be positioned downstream of the sample cell, resulting in no cell back-pressure (see
Clause 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], Clause 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—herotameteris-generally-calibrated-forlatm-{101325-Pa}and-the-pressure-atthesample cell

output shopld be very close to atmospheric pressure. The needle valve should be upstream 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 Selpct a filter material which is chemically inert to the expected effluents,and of suitable porosity.

If the test §pecimen is thought, or known, to contain fluorine, use PTFE or ceramic filters.

8.3.2 The filter should be changed after at least every three tests and'every time the fuel typeq in the test
are changed. The filter shall also be changed if the pressure in the gas cell cannot be maintained ¢lue to back
pressure i the sampling system.

o

A new 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 before ‘starting the sample flow from the fire effluent. It is
recommenfed to collect 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 spectrum
should not|be collected until the water absorbance is minimized.

NOTE1  The optical bench can be purged with a non-IR absorbing gas, such as moisture-free nitrogen for a sufficient
duration to minimize water and CO, absorbance.

The background spectrum shiall be collected using the same spectral resolution as to be used [during the
subsequenf measurements.in’ the test.

8.4.2 Startacquiring spectra and record the timing of scans.

NOTE The nimber of scans per spectra is a determining factor for the time resolution of the measurerpent and for
the noise leyel.

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 spectrum 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 nitrogen for at least 5 min.

NOTE 1
sampling sy

stem.

8.6.2 Checkall filters and change or clean them if needed before the next test.

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

8.7 Dats

Data redud
process re
time. Howd
matrix and
interfering
given in Ar

9 Test1

Presentati
FTIR spect
comparatiy
is identica
concentrat

the Inf
name

date aj

| reduction

Sults in a collection of spectra which are then presented as plots of individual spe

can therefore be misinterpreted by the data reduction software. The data shall be d
species that can produce errors in the results. Procedures for chéeking data in this }

nexJ.
eport
bn of results is an important aspect of the procedureifor measurement of gases and vayj

e purposes (e.g. during reproducibility and repeatability studies) it is important that
for every test. Typically, the content wouldtinclude tabular and graphical represe
ion with time with the following as a minimitm list of parameters to be included:

the sample and sampling system design;

ernational Standard used (includingits year of publication);
f operator;

nd time of the fire test;

notes
notes
notes 4
notes

spectr

I

fany sampling problems during the test;

fany data collection problems during the test;

ind times ofiiportant occurrences in the fire test (e.g. start of test, ignition, extinctio
f any.déviations from the procedure and any unusual features observed;

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

tion is often performed automatically by the software supplied with the FTIR instr@iment. The

ries versus

ver, the effluent could contain interfering species that were not included'in the calibration mix or

hecked for
rfespect are

ours using

roscopy. The format for presentation will vary depending on the end use of the resilts but for

this format
ntations of

h etc.);

FTIR g

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

type of detector used;

calibration method(s) employed;

number of scans for background;

number of scans per spectrum;

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

wavenumber(s) or region(s) used for quantification;
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estimated overlapping gases in the selected wavenumber region;

time of measurement of maximum concentration during the test;

outside of this range; and

concentration versus time for each chemical species of interest.

10 Precision and accuracy

10.1 General

whetherevaluated concentrationsliein therange defined by calibration data orarebased on extrapolation

Precision 4
each select]

10.2 Lya

The result
as describd

NOTE 1
NOTEZ2 ]

gas cell pre
calibration

10.3 Rep
The repeat

NOTE 4

nd accuracy shall be determined for each calibration gas with multiple measuremen
ed concentration range.

hd LQ

shall be analysed by taking into account the limit of detection, L, and limit of quantif
din ISO 12828-1.

Information for the determination of L and L, are given in 7.2 and Annex G.

'he precision of FTIR smoke gas data is influenced by several factors, including the sample f
Esure control, sampling system temperature, filter and sampling system efficiency and the q
model used.

patability and reproducibility
ability of the measurement with the specifi¢FTIR system used shall be determined.

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

[s covering

ication, LQ,

ow rate the
hality of the
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Annex A
(informative)

FTIR theory

For the purposes of this document and its proper use, this annex provides a general outline of the
principles of operation of an FTIR spectrometer. Molecules which contain a “dipole” (i.e. residual positive
and negative charges at each end of a chemical bond) can interact with infrared radiation (IR) by virtue of

the electr

m:lcnphr field set up-as the dlhn]n rotates ‘nhr:\fpc Qh'pfr‘hnc translates (1 e _maoves.

through na
the radiati
quantitatiy
certain sp
infrared r3g

The infrar¢

Near-I
corres

Mid-IR
to fung

Far-IR
to the

With clas{
wavelengtl
successive
gives a traq
and results
to qualify 3
to complet

Fourier Tr
spectrum

simultaned
all wavenu
collects da
convert th
slow scann

tural thermal effects This 1nteract10n manlfests 1tself as absorptlon of spec1f1c wav
e measurements on samples placed in the IR beam. It is also possible to obtainAR s

diation. This is then termed “Raman” spectroscopy.
d region of the electromagnetic spectrum is usually divided into three parts:

R — approximately 14 000 cm™ to 4 000 cm™! wavenumbers (0,7 pm - 2,5 pm W
ponding to overtone or harmonic vibrations within the irradiated molecule.

lamental vibrations and associated rotations and-vibrations within the irradiated mol

rotation of the irradiated molecule.

ical “dispersive” Infrared spectroscopy,-an infrared source is resolved into its

1s by an optical grating. The instrument-s so arranged that the range of waveleng
y passed through the sample (or “scanned”). A detector in the IR beam placed after
e of the intensity of the various wavelengths (or wavenumber) with time as the sample
in a number of absorption “peaks’ The position of the peaks and the extent of absorpt

e, and therefore severely limits this technique for “online” fire gas analysis.

insform Infrared (FTIR) spectroscopy refers to a general technique used to obtain §
f absorption, emission 6r Raman scattering of a solid, liquid or gas. An FTIR spectrop
usly collects spectral data over a wide IR spectral range, in the form of an interfer
mbers are collected simultaneously), as distinct from classical dispersive spectrosc
ta at each wayvelength sequentially). The Fourier transform is a mathematical algorit
e raw interferogram data into a practical spectrum, analogous to the spectrum resul
ing classical dispersive method.

NOTE1 I

interferomdter

practice, the infrared beam is generated by a polychromatic IR-source. The radiation enters §
") (see Figure A.1) that allows some wavelengths to pass through, but blocks others d

—approximately 4000 cm~1to400 cm~!wavenumbers (2,5'wm - 25 pm wavelength) cory

— approximately 400 cm~1to 10 cm~1 wavenumbers{25 um- 1 000 um wavelength), cory

nd quantify respectively the species in the sample. Such a scan typically requires sever

as a body)
blengths of

bn by specific dipole groups within the molecule and this is used as the basis of°qualfitative and

ectra with

bcies which do not contain such a dipole but are capable of obtaining onecthrough the effect of

avelength)

esponding
ecule.

esponding

component
ths can be
the sample
is scanned
ionis used
al minutes

n infrared
hotometer
pgram (i.e.
py, (which
hm used to
ing from a

“Michelson
ue 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 halfis 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 with the traditional dispersive
spectroscopy. First, as all wavelengths are collected simultaneously, the signal resolution (in intensity) is

increased.
coming frg
gratingis u
turns at a (
fringes of
accuracy o

Second, the interferometer throughput is determined only by the diameter of the collin
m the source and not affected by the instrument itself (as it is if a monochromator
sed in a dispersive instrument). In modern instruments, the moving mirror of theinte
onstant velocity, and sampling of the interferogram is triggered by finding-zero-crosg
h secondary interferometer irradiated by a helium-neon laser. This confers high w
n the resulting infrared spectrum and limits wavenumber calibration ertors (a truen

l1ated beam
diffraction
rferometer
ings in the
hvenumber
ess around

0,01 cm™1 dan be reached).

NOTE3 1
interferomd

SO/TR 14999-1 gives terms, definitions and fundamental physical “and technical relati
tric measurements.

onships for

3
gt

A

6
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)

Key

IR soufce He-Ne laser

collimator beam splitter

fixed mirror gas cell

B wWw N R
N o L

mobilg mirror detector

Figure A.1 — FTIR interferometer principle
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Annex B
(informative)

FTIR sampling systems

B.1 Example of a “pulling” sampling system

An optimized sampling method was proposed in the SAFIR project.[18119] Figure B.1 gives

diagram of
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such a “pulling” sampling system.

int for gas collection in the exhaust duct connected to a fire chamber is placed ata-distj
eous mixture is homogeneous and the gas flow is not disturbed, i.e. laminar flow.

stance between the fire source and the sampling probe should be as shoftas possible
homogenous and laminar flow) to maintain the probe at an elevated temperature. This
icing condensation in the probe.

Ler is placed between the probe and the transfer line. Another filter may be used betwg

wmeter is placed after the pump and it is recommended‘that a moisture trap is include
p and flowmeter, to prevent condensed water enteringthe flowmeter.

en-flow rotameter can be placed upstream of theilter before and after each test tq
sampling flow. This flow is compared to the flowmeasured at the outlet of the pump.

rent condensation.

> o

schematic

ince where

(consistent
will assist

en the line

e gas cell to protect the FTIR analyser gas cell from contamination from fine soot particles.

d between

check the

mperatures of the filter, sampling line and gas'cell should be as similar as possible and hjigh enough

5 6 1 8
probe
exhaus} duct (fire model)
filter 1
transfef line
filter 2
FTIR gasell
pump
flowmeter
water trap

Flow rate, (3,5 1/min).

Part of

the sampling system heated to >150 °C.

Figure B.1 — Schematic diagram for a “pulling” sampling system
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B.2 Example of a “pushing” sampling system

The sampling system illustrated in Figure B.2 has been used with the objective of maintaining a constant
FTIR gas cell pressure. Placing the gas cell at the end of the sample train, with no restrictions to flow at the
cell’s output will result in the gas cell operating close to atmospheric pressure, regardless of any increasing
restriction from the build-up of particles within the filtration system.[13] A needle valve is positioned
upstream of the heated cell. The pump is placed upstream of the sample cell to push the sample through the
cell. The pump head should be mounted in a thermostat oven to maintain the desired temperature. A coil of
0,6 cm (1/4 in) outside diameter (OD) tubing [internal diameter (ID) is more important] downstream of the
heated cell cools the sample gas to ambient temperature prior to entering a large high capacity filter which
protects the downstream flowmeter from the build-up of tarry condensates. This high capacity 0,3 um
filter has a gas filtration area of 625 cmZ2. The high surface area of the filter media provides a long filter

life, and maWMﬂmww%mW due to the
downstream filter.

L
5

e?i — 7

Key
heated|sample line
oven (fllters in oven)
pump head

FTIR
heated|cell

needle [valve

cooling coil

high-cdpacity filter)to protect flowmeter
flowmgter

YO 00NN O U W

Flow oyt

Figure B.2 — Schematic diagram for a “pushing” sampling system

The sampling system in Figure B.3 is similar to that in Figure B.2, but in addition there is a bypass loop and
bypass regulator at the cell inlet to ensure a constant flow rate through the sample cell, regardless of gradual
blocking of the filter. This configuration is effective in maintaining a constant cell response time profile and
constant cell pressure. The desired pressure is set on the bypass regulator and excess flow bypasses the gas
cell. The bypass flow 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](23]
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L
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Key
1  heated|sample line
2 oven (fllters in oven)
3 pump head
4 FTIR
5  heated|cell
6 needlevalve
7  coolingcoil
8  high-cdpacity filter to protect flowmeter
9  flowmdter
10 back-pyessure regulator
a Flow otit.
Figure B.3 — Schematic diagram for a “pushing” sampling system with bypass
The same pven can be used to house many of the required valves required for FTIR sampling and analysis
of fire gasgs as shown in Figure'B.4. Figure B.4 shows valves required to select calibration gased or fire gas
samples (ifem 11) and valve$Tequired to pressure test the filter housing seal after changing filters. The
same oven|can also be used®o dynamically dispense calibration gases that are liquid at room tgmperature
by placing p Teflon-lined)stainless steel coil in the oven, connected by “T” joints to PTFE-lined stajnless steel
expansion pottles. A liguid-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 metred hotsnitrogen 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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Annex C
(informative)

Analysis of filter(s), the sampling line and probe for effluent retention

C.1 Washing procedures for filters

amongst others can be adsorbed on particulates retained by the filter. When the total amount

Acid gases

of one spe

amount of

are requir
filters.
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C.2 Wag
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their temp

water. For

solutions a

ific acid gas has to be measured, the quantity retained on the filter should be added
hcid gases analysed by the FTIR. However, where “continuous” time/concentration.meg
bd, it is not possible to correct the data from a single measurement of the species 1

g procedures for filters are as follows:

ure for planar (i.e. flat surface) and for cylindrical filters:

mmpletely cover the filter.
e solution with the filter is placed in an ultrasonic bath fer at least 10 min.

e solution is made up to a known volume before analysis of the required species.
bthods presented in ISO 19701 can be used.

The filter can be rinsed and removed from theswashing solution before making up to a knd
tively, the filter can remain in the washing vessel’(beaker) if the volume of the washing water

htive procedure for cylindrical filters;

hsh the filter with hot water in @ ‘Soxhlet” apparatus for approximately 20 min. The
hde up to a known volume before analysis. Analytical methods presented in ISO 19701 c

e same protocol (with a Soxhlet extractor) can be used to wash new filters prior to fir
fers should be dried before use (250 °C in an oven is acceptable).

hing procedures for transfer line and probe

er line and.the probe should be rinsed with analytical grade water. Before rinsing th
eratures_shall be allowed to cool to approximately 70 °C to avoid significant vapo
bach partof the sampling system, the washing solutions are collected in volumetric fla
re made up to a known volume before analysis by appropriate analytical methods (see §

Fo the total
surements
etained on

ter each test, the filter is removed and placed in a minimum voltume of analytical gradle water to

Analytical

wn volume.
is known.

solution is
an be used.

st use. The

e systems,
rization of
tks and the
Clause C.1).

© IS0 2024 - All rights reserved
24


https://standardsiso.com/api/?name=8fd70e47a499f9aa6cb8d9cd14843d80

ISO 19702:2024(en)

Annex D
(normative)

Response time determination of the complete FTIR sampling system

D.1 Gen

eral

as measur
example in

D.2 Prin

The sampl
The sampl
cylinder/b
the gas bot
than the nq
in normal |
entry) sha
input press
and room 3

An exampl

bd by the detector when gas is switched at a sampling probe from one pure gas to a
Clause D.2 shows a procedure to determine the response time of the sampling system

Iciple of determination

ng pump, sample flow rate and sampling system temperatures shall be set for their 1
ng configuration shall also be the same as for normal use. Eof the measurement proce
pttle containing any IR-absorbing gas in nitrogen (e.g. CO4)€sH,) can be used. A 3-way

tle is used to select between the diluted gas and room:air‘(see Figure D.1). Set the flow
rmal sampling system flow rate. It will be diluted byair entering the “T” to make up tH

| be as short as practicable. The use of a “T” allews the dilution of the gas and ensup
ure to the sample line is maintained at atmospheric pressure when switching betwe
ir.

e of a plot for a response time determination is shown in Figure D.2.

ormal use.
dure, a gas
T” valve at
rate lower
e flow rate

ise. Both line A (from the bottle to the “T”) and liie’B (from the “T” to the heated sampling line's

es that the
en that gas

5
Key
bottle cntaining analyte gas 5 heated sampling line
line A — from the bottle to the T~ 6 filter
line B — from the “T” to the entry to the 7 FTIR gas cell
heated sampling line 8 pump; normal flow rate (1/min)
4 ambient air 9 IR beam

Figure D.1 — System set-up to measure sampling response time

Select an appropriate type and concentration for the IR-absorbing gas. It is best to use a gas and concentration
with a linear response over the measured concentration range. If using a linear concentration range, an
accurate calibration is not necessary. If the gas used does not have a linear response in the concentration
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range to be measured, the FTIR shall be calibrated for the full measured gas concentration range to obtain
an accurate response time.

Once the FTIR and sampling system are equilibrated in terms of temperature, pressure and flow rate, start
the acquisition of spectra. After a stable baseline is attained, introduce the analyte gas into the heated
sampling line (see Figure D.1) by switching the 3-way “T” valve from air to bottled gas. Note the time, ¢, at
which the analyte gas is introduced. After obtaining a stable concentration as shown by a flat response from
the FTIR detector, switch back to air, allowing the analyte concentration to return to a stable baseline. Note
the time, t ¢, at which the input of analyte gas ceases. This process can be repeated to check accuracy.

Use an acquisition rate as high as possible when collecting the spectra in order to be able to determine the
most accurate response time possible.
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ntration to
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attaining 90 % of the “plateau” concentration. The 90 % fall time is the time from the ¢
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(or alterna
(or alterna

Lively, 90 % fall time). The line delay is the time between ¢, and-the first rise in gas cor
Fively the time between ¢« and the first drop in gas concefityation), i.e. t. = t; + tg( o;
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NOTE Plotted data are from Reference [25].

Figure D.2 — Schematic plot for measurement of response times
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Annex E
(informative)

Considerations for FTIR optical cell selection

E.1 Uniformity of gas concentrations within the FTIR cell

Typically, the interpretation of an absorption spectrum assumes that the concentrations of the measured

gases are
of cell vol
are difficul

E.2 Mix

The ideal ¢
inlet port t

gas concenftration/time profiles which will differ from those actually occubring in the sampled a

Mixing can

E.3 Tim

The cell va
time resoly
state perig
they reach
measurem

the rise tinje needs to be sufficiently short in order to follow the changing concentration profiles i

consistent
rise time a

NOTE ]
quality assg

applicationy
over much 9

E4 Opt

E4.1 Fo

Long optic

niform across the entire optical path. It is important to know that this is true for theic
e, sample flow and flow mixing characteristics within the cell. Corrections for-non-
t and will compromise the accuracy of the gas concentrations.

ing within the FTIR cell

bl] geometry for optimizing analyte throughput is one in which thesample flows direct]
o the outlet port with no axial or radial mixing. Such mixing, if it eccurs, will result in

be reduced by reducing the cell volume and increasing the-sdmple flow.

e resolution

lume should be selected such that the passage:0fthe sample flow through it provide
ition for requirements of the particular test being monitored. Where the test producg
d, the rise time (see Annex D) of the meastred gas concentrations shall be short e
plateau values and remain at those values long enough to obtain quantitative cor
ents with the necessary precision. Where the test produces rapidly changing gas cond

with the objectives of the test. See'Annex D for a detailed discussion on determinati
hd system response time.

lany FTIR cells are desighed for monitoring slowly varying concentrations, such as in
ssments or incinerator exhdust monitoring. Cells with 500 ml volume and larger cells design

are generally inapprdpniate for sampling from fire experiments where accurate concentrati
horter time periods.afe important.

jcal paths in FTIR cells

ded.optical path cells

mbination
uniformity

ly from the
measured
mosphere.

5 sufficient
s a steady-
hough that
icentration
entrations,
h a manner
pn of 90 %

ambient air
ed for these
on histories

hl-paths enable increased sensitivity, i.e. lower limits of detection and quantification.

bince these

cells conta

n internal mirrors, it is necessary to filter the entrance flow to remove aerosols that will deposit

on and foul the reflective surfaces. Temperature conditions in the cell also need to be such that condensation

of vapours

NOTE 1

within the sampled gas stream is not possible.

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

NOTE 2

are also available.
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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

F.1 Calibration of gas cell temperature

Annually and whenever the gas cell is opened or the sampling train modified, the temperature set-point and

homogeneiEy in gas cell should be verified. The critical temperature is the temperature of the

r than the set-point temperature. Verification of cell gas temperature can be carried.out follows:

itself rathe

Prehed
approj

Insert
Startt

Note t
cell to
tempe

The st
mean ¥

NOTE I
same tempe
sample cell

F.2 Pre;s

A pressure
accuracy b

The cell p
correction

The effecti
analyser t(
measurem
results and

NOTE1 ]

t the sample stream entering the gas cell using a representative length of Sample li
riate number of separately thermostatted heated segments (see 5.5).

A thermocouple in the gas cell (with an appropriate leak-tight connection) at a given d4
he sampling pump at the normal flow rate and wait until the temperature stabilizes.

e temperature at a number of points within the cell. Adjust/the’temperature set-poin
the mean value obtained at these points and note the corréction needed between the i
rature and the set point temperature.

andard deviation between temperatures measuredialong the cell shall not exceed
Falue.

rature as that normally used for sampling from'the test apparatus. This temperature needs {]
femperature.

ssure control and measurement

transducer should be permanently mounted in the gas cell. It should be calibrated a
etter than 0,5 %. The cell pressure, as well as temperature, should be logged with each

Fessure shall match(the pressure at which the calibration spectra were obtained
5 shall be applied t0fhe quantified data. Such corrections are made using the universa

determine,the allowable deviation in cell pressure (from the pressure at calibratio
ent. The@llowable deviation in cell pressure should give a minimal influence on the q
shall not induce an error that exceeds 5 %.

'He-effectiveness of the pressure correction can be quantified by measurements on a caliby

sample gas

ne with an

pth.

L of the gas
eal (mean)

5 % of the

[t is important that the sampling line used duringtemperature calibration of the cell preheats the gas to the

o match the

nd have an
spectrum.

otherwise
gas law.

veness of the-pressure correction over a selected pressure range shall be quantified for the FTIR

h) during a
pnantitative

ation gas of

carbon mo

oxide (COJOver a typical Tange of CONCENMTations eNCOUItered 1T tests. T 1Te Cell Pressure

s 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.[2Z] The recommendation

from their work is to not allow cell pressure variations greater than 10 Torr (1,33 kPa) 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 that bypasses the
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analyser and a back pressure regulator in that loop. (See the discussion of sampling system design in

Annex B).

NOTE

The conversion between atmospheres, Torrs, and pascalsis: 1 atm = 760 Torr = 101 325 Pa.

E.3 Verification of gas cell leak-tightness

In spectroscopy, pressure is usually expressed in Torr, which is a non-SI unit corresponding to 1 mm Hg.

Annually, and at each time the gas cell is opened, or windows changed, the leak-tightness of the cell should

be verified

Install

. One method of verification can be carried out as follows:

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

Close t
300 Tq

Wait 1
Note t]
The de

F4 Cell

Cell mirror
surface. T
detector s
them as th|
be touched
following g

— Thepr
Wait u
As cell
Wait 5
Rinse
Do not
Reasse

Carry

q

4

NOTE
and cell win

rr (40 kPa), close the output valve and turn the pump off.
D s until the system stabilizes.
ne initial pressure value Py, then wait 30 s and note the value P;.

viation between P and P; should not exceed 3 Torr (0,4 kPa).

mirrors cleaning

s are subject to condensation during contact with someyapours producing a film on
e mirrors can also attract solid deposits which williaffect their reflectivity. Whe

:I‘gnal decreases (see 8.2), the mirrors shall be cleaned. However, great care is need

ey are very sensitive. This is particularly important if a gold coating is present; this

rocedure is suitable:

pcedure should be carried outin a clean rgom (i.e. with low levels of airborne or surface dug
ntil the gas cell is at ambient tempefature; then disassemble it.

mirrors are concave, place acetone of chromatographic quality in them.

min, then change the solvent to a non-polar one (e.g. n-hexane), also of chromatograph

wipe the mirrowith a cloth (not even a tissue wipe), as this can scratch it.
mble the gas«ell, heat it to operating temperature and check for leak-tightness.
but a quantitative analysis control procedure as set out in 8.2.2.

oot'deposition on the cell optics can be minimized by selecting an FTIR system with the gas

he input valve and start the sampling pump. When the pressure measured in the cell is around

the mirror
h the FTIR
bd to clean
should not

with bare fingers, as oil/grease from fingers will be deposited on the surface of the mirror. The

tor grime).

ic quality.

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

cell mirrors

dows mounted in a vertical position.
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Annex G
(informative)

Spectrophotometer

G.1 Detectors

Various ty
infrared r¢
satisfactor
MCT detec
coolers. Lig

The choicd
detectors ¢
less linear

NOTE1 1
the DTGS dd
the MCT def

NOTE2 4
FTIR appar
used in conf

NOTE3 4

G.2 IR-s

The sourcq
The intens|
sensitivity

Two types

the N¢
heated

the “Gl

G.3 Way

ily at ambient temperature, and Mercury Cadmium Telluride (MCT), which need te be
tor can be cooled using either thermoelectric coolers, liquid nitrogen Dewar‘flasks
juid nitrogen and Sterling cooling provide the best cooling.

of the detector depends on the requirements for sensitivity and the“limit of dete
an provide a sensitivity of up to 10 times that of a DTGS detector. However, MCT de
than DTGS detectors.

'he MCT detector needs to be cooled by one of the above methods anddias a superior signal-to-n
tector. The signal to noise ratio is dependent on the cooling methéd. Also, more time is needed
ector.

A limitation of the Liquid Nitrogen-cooled MCT detector_ is\that extra-equipment is needed t
tus with liquid nitrogen. Another drawback is the concern of suffocation hazards of liquid nit
ined spaces such as small instrumentation trailers.

\ limitation of the Sterling-cooled MCT detector jshigh cost.

ource

of IR radiation used in an FTIR(Spectrophotometer is an approximation to a blackbog
ity of the radiation increases with wavenumber, to a maximum, and then it decreag
of the FTIR instrument wilkbe highest at the maximum of the IR wavenumber distribt

of sources are frequently-tsed:

rnst source, whichConsists of zirconium, yttrium and thorium oxides coated on an
filament maintained at 1 827 °C;

obar” source,;which is a silicon carbide element electrically heated to 1 227 °C.

renumber region

pes of detectors are available, mainly distinguished by their different sensitivities. In the mid-

boion, the detectors frequently used are Deuterated Triglycine Sulfate (DTGS), which operate

tooled. The
or Sterling

ction. MCT
tectors are

oise ratio to
to stabilize

supply the
rogen when

ly radiator.
es. Overall
ition.

blectrically

[t is impor
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re of gases

over a wide range of wavenumbers (typically 400 cm™ to 4 500 cm™! for KBr windows) and 650 cm™ to
4 500 cm™1 (for ZnSe windows). The infrared absorption bands for the main fire gases are given in Annex I.
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 or higher, provides an acceptable solution for avoiding overlap of absorbances for fire gases such as
hydrogen cyanide (HCN), acetylene (C,H,), nitric oxide (NO) and water, that would not be possible at lower
resolutions.

NOTE1 Measurements using spectrophotometer resolutions as low as 4 cm™! 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]
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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.

When the spectra of all species of interest and interfering species are available, a matrix of quantification
should be defined. Annex I indicates wavenumbers to be used for identification and quantification (and
those which can cause interference) of many compounds of interest in fire toxicology. Band selection (i.e. the
range or ranges of contiguous wavenumbers chosen for a specific compound) should be made by selecting
regions or groups of narrow bands common to the required compound, in order to maximize the signal for a
given compound and to minimize the influence of its interfering species.

G.4 Resplution

G.4.1 Gepneral

The resolution (in wavelengths or wavenumbers), sample gas temperature, flow rate‘and cell tgmperature
and pressyre shall be the same for both the calibration spectra and for the spectra@’obtained dufring use in
fire tests.

G.4.2 Repolution over the spectral range

The resolution, r, of the spectrometer is the function of the differeneedin path length, A, betwegn the two
beams of the interferometer. As a first approximation, resolution isdefined as:

The resolution is ideally constant over the entire spectral range. This is not the case with cdnventional
dispersive|spectrometry. Nevertheless, resolution can’be modified in FTIR instruments due [to angular
deviations|of the beam in the interferometer. Such deviations will increase with infrared frequenicy.

A resolutidn of at least 0,5 cm™ is recommended for the practical elimination of interferences|in fire gas
analysis; although a lower resolution is allowable if spectral interference from overlapping compounds can
be correct¢d by the software.

G.5 Additional spectrometer parameters important for calibration

G.5.1 Bakckground noise

To ensure fthe quality 6f-the measurements, it is necessary to determine the background noisel Excessive
background noise ceudd be produced from a number of sources such as the IR source, detectof or a poor
optical path alignment. It can also be caused by electronic problems in the FTIR instrument circuitry. It is
also a function ofresolution, apodisation function, zero filling used as well as mobile mirror spee(d.

[n general,
three regions are considered sufficient.

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 has not been subtracted).
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the following regions:

From 3 950 cm™1 to 4 050 cm™1.
From 1950 cm™1to 2 050 cm™1.
From 450 cm! to 550 cm™! for KBr windows.

From 600 cm™! to 4 500 cm™! for ZnSe windows.

G.5.2 Stray radiation

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

Stray radiation-is radiation originating from extraneous sources eray radiation could be determined by

_comp.aring
in a given 1
— Silica s
Sodiur
Polyst
Indeng

Deviation f

G.5.3 Limits of detection and of quantification (L and L)

The cell p3
of detectio
to estimatsg

blank samjples. This procedure is fully described in ISO*12828-1.

In summay
for quantif
noise level
a linear re
low concer
because se
for each co

Table G.1 3
averaged a

Imponent measured ifi the fire effluent.

[ffects the minimum detection limit of carbon monoxide (CO).

a zero transmission spectrum with the transmission obtained when a sample absorh
ange, is placed across the beam. References frequently used are:

ample with a thickness more than 1 mm, for wavenumbers <2 000 cm™1.

h chloride with a thickness more than 6 mm, for wavenumbers <450 cm™4)
brene film with a thickness of 50 um, at 2 924 cm~! and 698,9 cm™1,

in a KBr test tube with a path of 0,4 mm, at 392 cm~1, 420 cm~1dnd 551 cm1.

rom zero should not exceed 2 % (in transmission) for wavénumbers >600 cm™1,

th length and signal-to-noise ratio of the outputfrom the FTIR instrument, determir
h, L, and the limit of quantification, LQ, of thexmethod. ISO 12828-1 describes differel
 these limits. The method adapted for this document is the determination from a dat

y, this method is based on the noisellevel present over a region of the IR spectrum
ication. It assumes that a wanted-spectral absorbance can be detected when it is jus
The greater the number of scans, the greater the signal-to-noise ratio. It is also ass
lationship exists between the IR absorbance and the concentration of the required
trations. As the method isyapplied only in the wavenumber region used for quantifi
hisitivity is different foreach gas, the values obtained for L and L, could be significant

hows some examples of how the combination of resolution and number of scans tha

Table)G.1 — The effect of resolution and number of scans on the L, of CO

ing 100 %,

e the limit
ht methods
Q matrix of

to be used
L above the
umed that
species at
ration, and
y different

[ are being

NOTE

Resolution Number of scans Ly
cm™1 ul/1
1 16
1
4 8
1 15
4
4 7

For some gases, it has been found that low concentrations can become partially trapped by the sampling

line. This problem has been especially identified for hydrogen bromide (HBr) at a volume fraction of below 10 ul/1
and for hydrogen chloride (HCI). For such species, the limits of detection and quantification are affected by the whole
sampling train and not just by the spectrometer and its calibration. Confirmation of the limit of detection can be
carried out by introducing a reference gas with a concentration equivalent to the expected limit of quantification, then

using the m

ethod based on blank samples presented ISO 12828-1.

© IS0 2024 - All rights reserved
33


https://standardsiso.com/api/?name=8fd70e47a499f9aa6cb8d9cd14843d80

ISO 19702:2024(en)

Annex H
(normative)

Verification of spectrometer performance

H.1 Verification of wavenumber accuracy

endent on

Trueness of wavenumbers is mainly governed by the spectrometer design, but it is also de
E lasers and

experimental conditions, especially resolution. Sources of wavenumber errors include aging
rferometer electronic boards (timing errors), corrosive environments and misaljgnment of

aging inte
optics. Qua
IR frequer]
quantificat
and higher
Hydrogen
containing
the post-c3
maximum;

It is recon

ntitative errors due to post-calibration wavenumber shifts are most pronounced at

cies (at resolutions of 0,5 cm™! and higher) where narrow absorbance-peaks ar
ion. Wavenumber shifts can for example cause significant errors for CQ/at'0,5 cm1

Further, a small post-calibration wavenumber shift can result in a lange’quantificati

Fluoride (HF), particularly when high resolutions are used. Overlaying recently collect
HF with the HF calibration spectra in the region of quantificatien indicates the m4

ilibration shift. Verification of trueness is achieved by comparing wavenumbers at

to the expected values using standard reference substances:

mended that the verification of the trueness of wavenumbers be carried out at led

months, and/or whenever the spectrometer is subject to any fiaintenance operation (e.g. be:

change, int
suitable.

Establ
Recorq

Place 4
calibrg
same
and p¢

Comp3
for spd
resolu

erferometer mirrors cleaning or change of any parts). The following procedure has |

sh the resolution, note iris aperture, gain andinirror speed used.
| a background reference spectrum using a suitably large number of scans (usually >5

calibrated reference, for example efpolystyrene film, in the beam, or introduce an a
tion gas into the gas cell and scan the absorption spectrum. Use the same thickness of
oncentration of gas to compare these spectra to historical calibration spectra. The spe
ak wavenumber are dependent on the gas concentration at high resolutions; see CO an

re values found to the hominal values shown in Table H.1, which includes acceptable

he highest
e used for
resolutions
pn error in
ed spectra
gnitude of
absorption

st every 6
hm splitter
been found

).

ppropriate
film or the
ctral shape
d HF.

tolerances

ctra collected using & resolution of 2 cm~1. Tolerances shown in the table should be addpted to the

[ion obtained in practice and be less than or equal to the resolution used.

Table H.1 <</Wavenumbers for trueness verification using a resolution of 2 cm-1

NOTE

Wavenumbers
(cm™1)

Band Tolerance
3060,1 +0,4
2849,7 +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 needs

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

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

— for CO,

16674 cm™,2339,3cm™tand 2 361,4 cm™!

— forH,0:1616,7 cm™ and 3701,9 cm™1

— for HCI

129809 cm1and 2997,8 cm™!

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

H.2.1 Dil

[t is recom|
the spectr
cleaning of

For resoluf
couples (i.¢

Establ

Choosq

For ea
betwe
eachp

Treat
lower {
denotd

V7 ang

rect verification

mended that the verification of resolution be carried out at least every six months, ar
bmeter is subject to any maintenance operation: beam splitter change, intérféromet

. double absorption peaks for standard compounds). Standards €emmonly used for
verification are the gases/vapours of CO,, H,0 and HCl. The following procedure has been found

e the number of scans per spectrum; then acquire spectrasin “absorption” mode.

en the peaks. Using Table H.2, compare the miniium acceptable value between the ty
pir.[30]

The vallue used in the calculation is the minimum of Av,, expressed as Av

change of any parts.

ions <2 cm™, the determination of resolution is performed according to the analysis

sh the resolution expected, note iris aperture, gain and mirfdr speed used.

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

nly pairs where the minimum absorbanee*at the wavenumber position between bo
han 50 % of the absorbance of the less:ifitense of the two peaks (absorbances of the tw
d by v4 and v,). The difference of wavenumber between both peaks (for pair i) is notec

and corresponding
(V1 +v2)
2Av

min

V,. The resolution is: In wavenumber: r <Av In relative value: r =

min’
min

d/or when
er mirrors

of specific
resolution
cuitable.

venumbers
o peaks of

th peaks is
b peaks are
| Av;.

to the pair
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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 Vi Vs Ay
expected
2 377,80 2 376,80 1,00
co, 2 354,40 2 352,90 1,50
656,60 655,10 1,50
2 321,10 2 319,10 2,00
1700,60 1700,10 0,50
3 651,20 3 650,65 0,55
1 653,30 1652,50 0,80
3821,70 3820,70 1,00
367590 367590 1,00
1 490,90 148990 1,00
H,0 3629,50 3628,30 1420
1734,60 1733,40 120
150710 1 505,60 1,50
1690,10 1688,40 1,70
3546,90 3 545,15 1,75
3588,60 3586;60 2,00
1 319,00 1.317,00 2,00
3014,41 3°012,12 2,29
2981,00 2 978,75 2,25
2 963,29 2961,07 2,22
294490 2942,72 2,18
292590 2 923,72 2,18
HCl2 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 2796,97 1,97
2 775,76 2773,82 1,94
a ({»The ratio of the absorbances of both HCl peaks is in proportion (3/1), which
corresponds to relative natural proportions between the relative abundance of
the isotopes of chlorine 35Cl and 37Cl.
H.2.2 Indirect verification

Indirect verification 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.

— 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 Xas the difference between transmission values (in %) measured at2 870 cm~land at2 851 cm™1.
— Measure Yasthe difference between transmission values (in %) measuredat 1 589 cm~land at 1 583 cm™1.

— Performances of the spectrometer are considered as compliant with the verification if X >18 and Y >10.
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Annex I
(informative)

Reference gases

I.L1 Producing known concentrations of reference gases

When collecting the spectra of reference gases, the FTIR settings need to be identical to the setti
a test (as far as practically possible). Generally, it is sufficient to obtain one or two pressurized
(cylinders)|of different concentrations of each reference gases in nitrogen and dilute these furthg
a number df reference gas concentrations. In some cases, it can be necessary to create refererce g
testing labpratory as they can be difficult to obtain commercially. In such cases, a vatiety of m
be used depending on the gas to be generated. Some FTIR manufacturers will generate calibrat

ngs during
cas bottles
r to obtain
ases in the
ethods can
on spectra

for a specific instrument for specific temperatures, pressures and gases. In all cases, it is essenftial for the

reference gas to be free from contaminants that have absorbances in the infrared region of the
and for the concentration and accuracy of the reference gas concentration to be known. It is also
good practjce to periodically check the reference gas concentration using ah.independent method
where the gases are potentially stored for long periods.

Accurate reference spectra for the calibration of each gas to be analysed have to be generated ove
concentratfions which cover the concentrations likely to be encountered in the fire effluents to be
The calibration spectra of each gas should be obtained with\as little interference from othe
possible. The FTIR gas cell, sample lines, filters and filter.boxes shall be heated before the cal
ensure that all the system has stabilized. It is also necessary for the pressure in the cell to b

P spectrum
considered
especially

 arange of
measured.
r gases as
bration, to
b the same

during sampling from fire effluents and during calibration. A reference spectrum of nitrogen o

[ purge air

(free of H,
gas. The sy
nitrogen td
calibration
HF in nitrd
nitrogen p
be continuy|
minimized
dioxide an|
obtained.
absorbancg

Calibration

a) Calibrz:
in prej
extend

D and CO,) is recorded before each calibration under the same conditions as for the [calibration
stem sampling lines should be purgedwith preheated dry non-IR-absorbing diluent gas such as

remove adsorbed water from the components such as the tubing, valves and regulat
. Calibration gases in pressurized.gas bottles/cylinders containing water soluble gas
gen should have specialized regulators that allow the regulator and the line to be p
Fior to dispensing the calibration gas. During this purging stage, the nitrogen gas strg
ously monitored for watérycontent with the FTIR spectrometer until the water aby
Additional filters may\be inserted into the calibration gas system to further minimn
d water absorbances_if ‘these prove significant. The background nitrogen spectra c
'he background spécétra and calibration gas spectra should not be acquired until all
s are minimized:

gases may:be prepared in a number of ways:

ition gases in nitrogen or any other non-absorbing diluent gas may be purchased r

rs prior to
es such as
irged with
am should
orbance is
ize carbon
hn then be
unwanted

eady made

surized cylinders. These calibration gases may be diluted further using suitable eq

nipment to

the calibration range. High accuracy gas dilution systems are commercially available that can

accurafely dilute up to 3 orders of magnitude. LIKEWISe, igh accuracy dilution/mixing systems are
commercially available that can separately dilute and then mix multiple gases to check the accuracy of

the FT

NOTE

potenti

b)

IR method for gas mixes.

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 are

ally stored for long periods.

Calibration gases may be made in a dynamic system using permeation or diffusion tubes to produce a range

of concentrations (see Figure I.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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¢) 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 mist via a motor driven syringe pump into a preheated metered
nitrogen stream with PTFE-lined expansion bottles using a technique described in Reference [25].
Expansion bottles are not necessary for higher boiling point liquids such as water (see Figure 1.5). Care
shall be taken to ensure that there is an adequate length of heated tubing upstream and downstream of
the point of entry of the liquid to ensure vaporization.

d) Calibration of various gases by pressure regulation.

e) Calibration by using concentrated acids.

f) Recirculation system.

See below

temperatu

Schematicy
schematic4
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2 capillay
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a) Permeation tube

oo ToreroTt T T O TOT Vv ot T orrrer

otITeT

of prepared permeation and diffusion tubes are shown in Figure 1.1 (where theblack f
lly represent solid stoppers)

T

b) Diffusion tube

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

c of the ealibration set-up when using gas cylinders or permeation tubes is shown in
1 tubes.are often used for organic compounds such as aldehydes and toluene but are al§
ic comipounds such as HCl and HCN.

lled circles

Figure 1.2.
o available

5 Iand 2 and 3 fm Fioure | 7\ as close to the output of the nprmp:\hnn (qlhnrnnhvp]\

r diffusion)

tubes as possible, and upstream of the permeatlon tube output and all other callbratlon 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 shall 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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'e 1.2 — Schematic flow diagram for calibration by gas cylinder and permeation {

of gases by pressure regulation is based on passing the gases to the FTIR gas cell t
e exhaust line (Figure 1.3). This is achieved by first flushing the entire system with nitrogen and
quired calibration gas for the time required to obtain a steady-state concentration re¢ading. The
and out of the gas cell are opened and(closed until the cell is completely filled. After recording
im, the gas is flushed away, and thelpressure is decreased to a set value. The gas dell is filled
pen to the original pressure. This:procedure is repeated several times to obtain [a range of
jions. It is necessary after each calibration series to clean the gas cell and lines with pitrogen or
ind to record a reference spestrum. Additional precautions need to be made to dry t
s for calibrations of water-soluble gases.

Other Analytical Measurements
(NDIR, HPIC, Colourimetry, Bubbler trap, etc.)

ubes

hrough the

sampling

| Cooling Coil and Dryer |
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Figure 1.3 — Schematic flow diagram for calibration by pressure regulation
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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 known concentrations. After the calibration spectra have been obtained,
the contents of the cell and loop may be swept into an appropriate trapping medium for subsequent analysis
to determine concentrations.[27] Alternatively, the concentration in the closed loop can be checked by a
separate primary standard method.

b
| |
I [
2
1
3 5
<’ Zs
5 5
C
gy
<\> Dol
6
9 5
10
Key
1  bubblefs 7  pump
2 septunj 8 \rotameter
3  pump 9 manometer
4 3,6 m gath length FTIR cell 10 purge air
5 on/off yalve 11 FTIR sampling line
6  exhausf
a  Flow anpd cell pressure control with 6 mm stainless steel bellow valves.
b Calibra}ion loop system.
¢ Flow and cell pressure control with 6 mm stainless steel bellow valves.
Figure 1.4 — Schematic flow diagram for the closed-loop calibration method

1.2 Progducingknown concentrations of water

Water spedtradare necessary in all quantification methods, as water interferes with the absorptigns of many
of the othgr‘gases which need quantification. Water is the main interfering species over a large portion of
the mid-IR spectrum, and it is typically present in relatively large quantities 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 water spectra can be obtained by metering water though microbore tubing which passes
through a tee a few feet (approximately 1 m) into a pre-heated nitrogen stream. The fine pre-heated water
spray is propelled in the heated line in the same direction as the flow of the pre-heated nitrogen gas. The
heated mixing line leads to the FTIR. The nitrogen flow rate is held at 1 1/min and the syringe-driven water
flow rate is changed for each prescribed water calibration gas concentration. The use of 1/4 in to 1/16 in
reducing “vespel-graphite” ferrules provides a leak-proof high-temperature seal for supporting the narrow
bore Polyetheretherketone (PEEK) tubing entering and passing through the tee. Liquids more volatile than
water can require the use of expansion bottles for safe use.
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Figure 1.5 — Schematic flow diagram for the‘ealibration of water

fique is described in Reference [25]. See Figure B4 for a sampling system with a bu
system. Teflon-lined stainless steel bottles ‘ahd heating coil are housed in the
system’s oven. A short length of microbore<l,6 mm (1/16 in) OD PEEK tubing lea

ted to the first bottle. The use of predrilled reducing “vespel” ferrules allows the ng
enter a “Swagelok” compression cennéctor and to seat inside the bottle inboard
nitrogen enters the first bottle and\propels the liquid spray entering the bottle. This ¢
of the diluent gas stream and assists in the vaporization of the fine water mist.

[five method for collecting-pure water spectra is to let a flow of nitrogen pass throy
tube that is positioned/over a closed water-bath and the into the gas cell of the FTIR
the temperature of-the” water-bath, a range of concentrations of water are prod

ion of water is, hewever, unknown for these spectra. If quantitative information is 1
fo complemeng.this technique with a quantitative calibration method for water.[23]

It-in water
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Is from an
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. By slowly
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Calibration methods

eral principles

tion of an FTIR instrument for fire gas analysis is a complex and time-consuming p
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following 3
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to cary

However, 1
independe
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a)
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Sensitivity|
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cooling, which is wsually either by a piezoelectric method, by liquid nitrogen or sterling-cooled.

[t is ngt usually readily obvious if there is a problem with the calibration.during use.

re the main problems.

y cases a reference and certificated standard concentration for a species of intenjest is

hses donotgive alinear correlation between concentration and absorbancgyand itis not
y out such calibrations on a daily basis.

he problems inherent in the analysis of complex mixtures such as fire effluents
nt verification of the FTIR calibration for each species of inferest.

of any FTIR spectrometer used for fire gases analysisinvolves the following steps.
the species of interest and any known interfering Species.

e spectra for each required species for a range‘of gas concentrations in nitrogen. Note
bduction methods, e.g. CLS (classical least sgirare), need reference spectra of pure gasg

the spectral bands to be used for quaritification and for correction procedures.

the quantification model to be used. The model can be defined as a univariate or a nj
s available in commercial seftware packages.

e the method by comparison with other techniques.

htion will be specificto a particular gas cell at a given temperature and operated
yith the same spéefrometer. If any of these parameters change, a new calibration is ne¢

and linearjty depend on the detector-type used. The MCT detector is far more sensitiy
than the/DTGS detector. The overall sensitivity of an MCT detector depends on its

not readily

bracticable

hecessitate

that some
s, whereas

).

ultivariate

at a given
pded.

e but more
method of

J.2 Pra¢

G2 o ethods for obtaini librati

Calibration spectra should be obtained with as little interference from unknown species as possible. It
is therefore important for the calibration gases to be 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 are normally necessary, (especially in matrix-based analysis methods such
as PLS). In some cases, gases supplied in pressurized cylinders (e.g. hydrogen chloride, hydrogen bromide
and hydrogen cyanide) can incur significant losses over relatively short time periods and these compounds
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(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. Alternatively, the cylinders of these gases can be analysed regularly by a
primary method of analysis.

It is necessary to collect calibration spectra 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 Clause ].3).

3 Py P 21 21
]. Qu HUIICAUIUIL HTITUHIUUS

].3.1 Geheral

FTIR analysis methods are capable of providing an acceptable degree of accuracy, for'most fire effluent

analysis a
noteworth
interferend
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plications, especially for a single gas or for a simple mixture of known"*gases. Hoj
y that as the complexity of the gas mixture increases and the numberof known ang
es are increased, the accuracy of the FTIR analysis can decrease. In.practice, it can b
mbination of quantification techniques (i.e. both univariate and multivariate methods)
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1. It is increasingly common for most spectroscopic softwate packages to include 1
5ted below. The calibration procedure will therefore depend on the requirements of 4
d the software package being used. The main quantification methods are covered in d
see Reference [16]) and typically in the software package provided with an FTIR sp4
fline of the methods and their scope is provided here.

ivariate analysis

nods include the use of absorption peak “height” and “area”.

wever, it is
| unknown
e desirable
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hknown or
host of the
he method
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rions of the spectra of the required.gasare selected, which are as free as possible from i

rea of a selected absorptien peak or peaks and corrected for any nonlinearity of the
ion characteristics of the-gas as determined from prior calibration.

These met

between djfferent fire gases: This is often not the case for fire effluents where there are nume
present in fthe fire effluents. For complex mixtures of gases, the univariate methods can provide
results. Tolidentify errors from univariate methods, it is important to manually inspect selected
identify possible interfering gases and erroneous concentration calculations.

terference

gases. It can often be necessary,to select more than one region. The fire effluent ypectra are
hred to that of the specified gas and, where necessary, the spectrum of interfering gases can be
from that of the fire effluentispectrum. The required fire gas is then quantified using either the

sorption/

ods are simple, but ean usually be applied only in simple cases, i.e. cases with minimal interference

rous gases
erroneous
spectra to

J.3.3 Myltivariate analysis

These methods include the following:

classic

ridged

multilinear regression (MLR);

al least squares (CLS);

piecewise-linear classical least squares (PCLS);

regression (RR);

partial least squares (PLS);

implicit non-linear latent regression;
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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 large
database of spectra obtained by the analytical method.

Calibrations corrected for interferences are generally not linear with concentration and depend on the FTIR
spectrophotometer characteristics, the chemical and physical nature of the gases of interest and, more
fundamentally, the nature of chemical bond and type vibration studied.
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mprehensive analysis of fire gases is required, the analysis of components which are 1
alysis can be achieved according to ISO 19701.

plternative
on sample
ropriate to
. The main

tes, such as
alternative

ot suitable

© IS0 2024 - All rights reserved
44


https://standardsiso.com/api/?name=8fd70e47a499f9aa6cb8d9cd14843d80

ISO 19702:2024(en)

Annex K
(informative)

Recording reference spectra and building a calibration set

K.1 Spectral properties of reference gases

The gases specifically studied within the SAFIR project181119] were H,0, CO,, CO, NO, NO,, HCN. H

r, HCl and

acrolein. E
spectral re

NOTE ]
collected. T
gas. The va
spectral res

hch gas has a unique FTIR spectrum which exhibits specific absorption peaks. In Tal
gions where these absorption peaks are observed are summarized.

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

ble K.1, the

'he absorbance values relate to the specific spectrophotometer set-up used whén-the spectra were
hey are cited here in order to show the relative absorbance of the various spectral.regions fo
ues for individual instruments can vary from those shown as they will be dépendent on t
olution, gas cell path length, detector, etc.

I respective
he choice of

Reference gas Volume fraction Spectral region Maximum absorpb-
ul/l Start End ance
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 2 264 1975 0,17
3457 3374 0,01
3160 2600 0,08
1783 1584 0,55
Acrolein 322 1452 1336 0,04
1200 1100 0,08
1054 872 0,12
670 500 0,02
NO 510 2000 1775 0,05
2939 2815 0,08
NO; 70 1667 1518 116
2525 2442 0,04
1410 1290 1,5
SO, 960
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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Table K.1 (continued)

Reference gas Volume fraction Spectral region Maximum absorb-
ul/l Start End ance
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 Collecting the reference spectra

The calibrjg
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NOTE1 ]
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ne particular detector.

'he wavenumber can also affect the linearity. For example, CO/at 0,5 cm™ has a much |

ne

om pure samples of the gas over a range of concentrations.

he reference spectra can be composed of known combinations of gases in certain cases,

ty of each analyte depends on the concentration range, the cell path-length, the type

then at 2 cm~1, resulting in greater nonlinearity, particularly ferhigh CO concentrations measy

br of concentrations which are necessary to obtain*an accurate calibration curve
bends on the degree of linearity between absorbahnce and concentration.

absorbance-concentration relationship can;“be shown to be linear, two concentr
ly sufficient, although three are recomménded. When deviation from linearity is s
nnalyte, far more concentrations can be‘needed to develop an accurate calibration cur

bncentration ranges (e.g. 100 pl/kte’10 000 pl/1) with long pathlengths, it can be ng
1d or even third lower absorbing.spectral region for the higher concentrations to attai

maintain concentration accuracy. This can be necessary, for example, to accurately
ntration range of gases suchvas CO and CO, when using the MCT detector (which has :
hith increasing concentration).

ome instrument softwdre will automatically generate full concentration/time curves wh
ions are used for thedower, mid and higher concentrations.

ntration ranges normally expected in fire gases for each species (except wate
ded minimiim number of concentration points used to create the calibration
d in Table/K.2.
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Table K.2 — Recommended ranges of volume fractions and minimum number of points for

calibration
Reference gas Recommended Minimum volume Maximum volume
minimum? number of fraction fraction
concentrations ul/1 ul/1
Co, 5 50 40000
co 5 50 5000
SO, 2to3 20 1000
Acrolein 2to3 20 300
NO 3 10 500
NG 3 20 566
HCI 5 50 10 000
HCN 4 10 1000
HBr 4 50 1,000
HF 4 50 1000
a | The MCT detector is significantly less linear than the DTGS detector over the same concentration range
arld many more concentrations are needed than indicated in this table.

K.3 Overlapping spectra

A major prpblem with the FTIR technique for fire gas analysis is the'presence of water, which is a yery strong
absorber df infrared radiation over a wide range of wavenumbers, and is thus capable of obqcuring the
absorbance¢ from many of the required species. Table K.3 shows which spectral regions and whijich species
overlap. Hgwever, 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
Co, Few pl/l to tens of thousands pl7!] N,0, H,0, CO
Co Few pl/l to tens of thousands jul/1 N,0, H,0, COS, €0,
NO Few ul/1to thousands ulyl C,H,, H,0
NO, Few pl/1 to thousands jul/1 S0,, CS,, H,0
HCN Few pl/1 to thousands pl/1 C,H, H,0
NH, Few pl/1 totheusands pl/1 \e/\rlli'icfg 22;13%;2:;55:2{}’ to heat C,H,
SO, Few pl/l'to thousands pl/1 H,0, C,H,, HCN| CH, C,H,
Adsorption by pipes and filters,
HF Few/ul/1 to hundreds ul/1 water soluble. Necessary to heat |H,0, CO
entire sampling system.
Adsorption by pipes and filters,
HBr Eew pl/lto hundreds pl/] water soluble. Necessary to heat [HCI
entire sampling system.
Adsorption by pipes and filters,
HCl Few pul/1to hundreds pul/1 water soluble. Necessary to heat |CH,, C-C, C-H, HBr
entire sampling system.
HCHO Few pl/1to tenths pul/1 Adsorption by pipes and filters. |HCI, CH,, C-C, C-H
CH, Few pul/1to hundreds pul/1 HCI, HCHO, C,Hg, C3Hg
C,H, Few pl/1 to hundreds pl/1 HCN, H,0
C,H, Few pl/1 to hundreds pl/1 NH; SO,
C,Hq Few ul/I to hundreds ul/1
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Resolutions of 0,5 cm™ may be used to resolve these interferences. The species do not need to be resolved
to take interferences into account when the interferences are known and are corrected in the quantification
method. However, a resolution of <0,5 cm™! enables visualization of this interference for combustion gas
spectra.

In developing a FTIR method for a particular combustion gas mix, it is desirable to select spectral regions
with minimal spectral interferences. Interferences can be best minimized 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.

NOTE Selecting a narrow spectral region with minimal interferences can be considered when only a narrow
spectral range is available that is free of interferences, as is the case for the analysis of NO in the presence of H,0, and
HCN in the presence of C,H, (C,H, is common fire gas and is a significant interference for HCN).

This inforlilation is presented in Figure K.1, where the spectral absorption regions are plotted«pgainst the
wave number of absorption. Using this figure, it is possible to verify which spectral regions©verlap.

H,0 [ ] | | | |
Co, | [ = |

co | | |

CsH,0 | B | I B |
NO | [

NO, | I I

SO, | I [ |
HCN | [ | | |

HCI | | .ol

HBr | L |

HF | |

4500 4000 3500, 3000 2500 2000 1500 1000 500

X
Key

X  wavenymber, in cm~!

Figure K1~ Spectral absorption regions for various fire gas components

K.4 Method development

An exampleof Tegion Setection for 18 COMbUSTIoON products of high thermat performance materials is shown
in Figure K.2. The spectral information presented here was provided by laboratory 11. Instrument details
are shown in Annex M for laboratory 11. The 18 gases are CO, CO,, Water, HCN, N,0, NO, NO,, C,H,, CS,, COS,
S0O,, CH,, C,H,, HF, HC], HBr, C,H,, C3Hg. These spectra were obtained with a 2-m cell with a sterling-cooled
MCT detector.

This method focuses on quantifying the toxic nonorganic gases, yet organic gas interferences are included in
the method. This method is intended for 2 cm~1 spectra. It is important that each gas in each selected region
goes to baseline. Baselines for each calibration gas for each spectrum are then zapped (zeroed) where no
absorbance is seen to minimize the build-up of quantification errors.
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Each spectrumis normalized in Figure K.2 to show interferences for each region of quantification. In addition,
it is recommended to normalize the spectra within each of the 6 regions to better see the interferences for
that region. See Figures K.3 to K.8.

Gas concentrations were chosen that meet or exceed the maximum concentrations observed in the
microcalorimeter/FTIR Method used by the Federal Aviation Administration’s laboratory.
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Figures K.3 to K.8 show only the absorbing gases within each region. The gases are either stacked and
normalized (Figures K.3, K.6, K.7 and K.8) or overlaid and not normalized (Figures K.4 and K.5). Note that
all gases within each region go to baseline.
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