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Foreword

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

The composition of the effluent from an enclosure fire is determined by the combustible items in the
enclosure, such as interior furnishings and wall linings, and the fire conditions within the enclosure. To
represent any product involved in any fire scenario, the ideal fire test specimen is the complete item,
and the ideal test is one conducted in an enclosure of appropriate size. Unfortunately, real-scale testing
of commercial products is not generally economically feasible. This document describes an indicative
approach for obtaining gas yields under specific fire conditions. It involves the use of a small-scale
combustor in which a small test specimen is exposed to a pre-defined radiative heat flux. The test

Sp

Thiis document provides a method for continuous quantification of gases (i.e. time:-pesolved gas
anflysis) emitted from a test specimen exposed to irradiance in a cone calorimeter, after extraction of
effluent gas to a FTIR gas analyser. It produces data as the gas volume fraction (plg#L) or gas ¥ield (mg/
kg) during the test period. Data generated allow a better understanding of gas. emissions during cone
orimeter tests, which can be useful for Fire Safety Engineering and for material development. Some
examples of FTIR analysers used with cone calorimeters are presented in Table A.1.

The cone calorimeter uses a well-ventilated physical fire model, sé results are only relevant for
this scenario. Toxicity assessment for materials or products are not covered in this docyment and
intlerpretation of data is covered separately in ISO 13571 or ISO 13344.
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TECHNICAL SPECIFICATION ISO/TS 21397

:2021(E)

FTIR analysis of fire effluents in cone calorimeter tests

1

Scope

This document specifies a method for determining the kinetics and yields of gaseous emissions from a
specimen exposed to radiant heat in a cone calorimeter. Gas yields are determined by exposing small

representative specimens to an external heat flux with or without spark ignition. The conc

of
thg
us
inf]

2

co
un

specific gases in the effluent (smoke) are measured. In combination with calculated masse
ir yields from the specimen mass, mass loss or mass loss rate can be determined; This
ps Fourier-Transform Infrared (FTIR) spectroscopy as described in ISO 19702, -with
prmation on the test apparatus and gas analyser suitable for this specific application.

Normative references

Thf following documents are referred to in the text in such a waycthat some or all of the
stitutes requirements of this document. For dated references, oiily the edition cited applies. For

dated references, the latest edition of the referenced document{(including any amendment

bntrations
s of gases,
document
hdditional

ir content

5) applies.

IS() 13943, Fire safety — Vocabulary
ISQ 5660-1:2015, Reaction-to-fire tests — Heat release; smoke production and mass loss rate|— Part 1:
Hept release rate (cone calorimeter method) and smokeproduction rate (dynamic measurement]
IS) 19702, Guidance for sampling and analysis of\toxic gases and vapours in fire effluents usipng Fourier
Trgnsform Infrared (FTIR) spectroscopy
[SQ 12828-1, Validation method for fire gas‘analysis — Part 1: Limits of detection and quantificdtion
ISQ 12828-2, Validation method fok’ fire gas analysis — Part 2: Intralaboratory valldation of
quintification methods
3 | Terms and definition's
For the purposes of thissdocument, the terms and definitions given in ISO 13943, ISO 5660-1, SO 19702,
IS 12828-1 and SO 12828-2 apply.
IS) and [EC maintdin terminological databases for use in standardization at the following addlresses:
—| ISO Online browsing platform: available at https://www.iso.org/obp
—| IEC Electropedia: available at http://www.electropedia.org/
4 Symbols
Symbol Designations Unit

Am |total mass loss of the test specimen g

rhg mass flow rate of sampled gas species of interest gst

M, total mass produced of sampled gas species of interest g

m,, |mass at test end g

Mg molecular weight of gas of interest g mol?

t|is the time from ignition(t;) to extinction(t,) S

© IS0 2021 - All rights reserved 1
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Symbol Designations Unit
t; |time to ignition (onset of sustained flaming) s
t. |time of extinction s
V298 volume flow rate in exhaust duct at 0,1 MPa and 25 °C m3 sl
Vg volume flow rate of sampled gas species at 0,1 MPa and 25 °C m3 s
Vg total volume of sampled gas species at 0,1 MPa and 25 °C m3
Ve species yield of gas ggl
ng volume fraction of gas dimensionless
P |gas density kg m3
5 Pringiple
This document specifies a method for measurement of gas yields from small “test specimens |by
exposing them to an incident heat flux in a cone calorimeter. The concentrations (nL/L) of specific gases
presented in the effluents are determined via FTIR gas analysis, and theirZyields are determined| in
combination with the specimen mass loss.

6 Appjratus

The test
shall be u

7 Gas measurement system

7.1 Ger

The gas s4

D
N

pparatus is specified in ISO 5660-1 and the gas measurement system described in Claus
sed.

leral arrangement

mpling system shall consist of a sampling probe, a heated primary filter, a heated gas sampling

line, a heatted gas cell fitted with a gas pressure transducer, a pump and flow meter. An optional heated

secondary
to an eve
condensat
ISO 19707
respectivg

A procedy
ISO 19702

[ filter and an optional gdsycooler may also be fitted. The sampling system shall be heated
h temperature which shall not be greater than the gas cell temperature in order to avpid
ion in the cell. Other conditions not described in this document shall be in accordance wjith
. Examples of alterrdative sampling system schematics are provided in Figure 1 and Figure 2

by

re to determine the response time for the complete FTIR gas measurement system is giver] in
:2015, Afinex D.
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ISO 5660-1 gas sampling ring probe
heated primary filter

heated line for gas sample transport
heated secondary filter

heated FTIR gas cell

pressure transducer

optional gas cooler

sampling pump (here located downstream of the, gas cell; upstream location is also allowed but
heated pump head)

flow meter

Direction of Combustion gas flow.
To 0,, CO, and CO analyser.

To exhaust.

Figure 1 — Example schematic diagram of sampling system when using the ISO 566(
probe fitted with a T-connection for sampling to FTIR analysis

© IS0 2021 - All rights reserved
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3
IA 5 1 8 9

Key
1 linear{multi-hole sampling probe fitted in the cone calorimeter exhaust duct
2 heated primary filter
3 heatedl line for gas sample transport
4 heatedl secondary filter
5  heatedl FTIR gas cell
6  pressire transducer
7  optional gas cooler
8 sampling pump (here located downstream of the gas cell; upstream location is also allowed but requirgs a

heated pump head)

O

flow meter

a Directfion of Combustion gas flow.
b To 0,[CO, and CO analyser.

¢ To exljaust.

Figure 2 — Example of schematic/diagram of sampling system when using a linear multi-hole
probe for sampling to FTIR

7.2 Sampling probe

The ISO $660-1 gas\sampling ring probe can be used. A heated tee-connection/heated gas ling is
required o samplefrom the main gas sampling line from the ring probe (connecting the sampling ring
to the coqe calorimeter oxygen analyser) for transfer to the FTIR analyser. The tee-connection shall|be

located as|close as possible to the sampling ring and shall as a minimum be efficiently insulated in ordler
not to cootthe oaluylcd gases:

NOTE When using the ring probe for sampling to the FTIR it can be necessary to adjust the sampling flow
rate to the oxygen analyser.

Alternatively, a separate linear multi-hole probe may be used for gas sampling. This is positioned
vertically in the duct either 100 mm upstream![3l[4] or at 50 mm downstream of the ISO 5660-1 gas
sampling ring probe. The probe shall be made from 6 mm (OD) stainless steel tubing, closed at the
sampling end, and shall have 10 holes evenly distributed along the length of the tube. The 10 holes on
the probe shall face downstream to prevent clogging due to the soot deposition.

The five holes furthest from the pump shall have a diameter of 2,5 mm, while the five holes closest to
the pump shall have a diameter of 2,0 mm. The probe shall be long enough to sample over the whole
inner diameter of the duct. A Schematic diagram of the linear multi-hole probe is provided in Figure 3.

4 © IS0 2021 - All rights reserved
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The probe shall be connected directly to the primary heated filter without any cold-trap between.
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Key

1 | five evenly-distributed sampling holes with 2,5 mm dimeter
2 | five evenly-distributed sampling holes with 2,0 mm dimeter
3 | cone calorimeter exhaustduct wall

d | hole spacing, (10,0 &0,2) mm

a

To gas sampling.system.

Figure 3 — Schematic diagram of the linear multi-hole probe

7.3 C-Primary filter

A primary filter unit shall be connected directly to the tee-connection (or multi-hole probe) to protect
the FTIR gas cell from soot and other solid particles, and its temperature shall be maintained at
(180 * 10) °C. The filter element shall be easy to change and inert to fire effluents. The dimensions and
materials of the filter are described in ISO 19702. The replacement interval shall be determined from
considerations of the sampling rate, test duration and soot production in the specific test. The filter
shall normally be replaced before tests.

NOTE Cylindrical filters with high particle capture capacity have been found to be most effectivelel, A
cylindrical filter with a porosity of 2 um is recommended in ISO 19702.

© IS0 2021 - All rights reserved 5
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7.4 Sampling line

The sampling line prior to the gas cell shall be made of a material that is inert to the combustion
gases. The line shall be heated to the temperature of (180 + 10) °C. It shall have an inner diameter of
(4,0 £ 0,2) mm and a maximum length of 3 m.

7.5 Gas cell

The gas cell shall be made of an inert material resistant to corrosion and shall have a sufficient optical
path length for the specific application. It shall be maintained at (180 * 10) °C. The gas cell shall be
fitted with both a pressure transmitter and temperature measurement sensor. The associated, dphta
acquisitiop system shall be able to continuously collect pressure and temperature data with thé)same
or shorter scan time than FTIR spectra collection. The pressure and temperature data shall'be uged
with the easured gas concentrations to calculate the corrected concentrations. This cal¢uldtion ¢an
either be done manually or automatically by the instrument software. The deviation in:cell pressire
should givye a minimal influence on the quantitative results and shall not induce an errorthat exceedls 5
relative-% after correction. Detailed information is available in ISO 19702:2015, F.2-

The optical path length and the type of detector determine the sensitivity of the,FTIR system. Limitg of
detection jand quantification shall be determined according to ISO 12828-1,

The inner|volume of the gas cell together with the sampling flow rate (sée 7.6) set restrictions on the
temporal fesolution of the measurement. The content of the gas cell-shall be renewed at least 4 times
a minute,|resulting in an interval between spectra of less or equalvto 15 s. The minimum sampljng
flow rate fan be calculated so that the renewal of the gases in the gas cell is not less than 4 times per
minute. Aflvice on how to determine the response time for thé<cemplete FTIR sampling system is giyen
in ISO 19702:2015, Annex D.

A seconddry filter can be positioned in front of the cell'and be heated to the same temperature as the
sampling |ine and gas cell.

NOTE A small circular planar filter using a 1 fsim porosity PTFE membrane has been found suitable| as
secondaryfilter.

7.6 Pump and sampling flow rate

The pumyp can be placed either dpwn'stream or upstream from gas cell, as specified in ISO 19702. If it
is placed ppstream of the gas cell;the pump head shall be heated in order to avoid condensation gnd
losses of qondensable gas species. The pump shall operate at a constant rate during the test period gnd
be capable of pumping sopt>and tar-laden gas from the sampling point. A gas cooling system can|be
positioned between thegasell and the flow meter to protect the flow meter and provide a normalized
reading. The minimuri¢sampling flow rate shall be calculated in order for the renewal of the gaseq in
the gas ce|l to be notless than 4 times per minute.

NOTE A diaphtragm pump has been found to be suitable.

The sampling flow rate shall be small compared to the flow rate in the cone calorimeter duct, a
requirement which in practice is always met, considering that the standard duct flow is 1 440 L/min
and the sampling flow to the FTIR cell is normally less than 10 L/min. Too low a sampling flow rate
shall be avoided in order to maintain a high temporal resolution of the measurement. The maximum
allowable flow rate is selected considering both the degree of turbulence within the cell and the effect
on other measurements being made concurrently in the experiment.

7.7 FTIR spectrometer

The spectrometer shall have a range from 600 cm to 4 400 cm, and a resolution of 4,0 cm™! or finer.
The collection rate shall be at least 4 spectra per minute. Spectra shall be recorded for subsequent
analysis.

NOTE Aresolution of 0,5 cm! has been found suitable for minimizing the interferences in fire gas analysis[14],

6 © IS0 2021 - All rights reserved
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7.8 Detector

The choice of detector sets limits on the sensitivity of the FTIR instrument. Two types of detectors
are common: DTGS (deuterated triglycide sulphate) and MCT (mercury cadmium telluride) detectors.
MCT detectors are normally more sensitive compared to DTGS detectors. These types of detectors are
described in more detail in ISO 19702:2015, Annex G.

NOTE When a DTGS detector is not appropriate for achieving the required limits of detection and
quantification, a MCT detector or a gas cell with longer optical path length are suitable alternativeslel.[Z],

8 | Suitability of a product for testing

The requirements are the same as for [SO 5660-1.

9 | Specimen preparation

The requirements are the same as for ISO 5660-1.

10 Test environment

The apparatus shall be located in an essentially draught-free efivironment in an atmosphere pf relative
humidity of between 20 % and 80 % and a temperature betwegen 15 °C and 30 °C.

11 Calibrations

11.1 Calibration of cone calorimeter

Th apparatus shall be calibrated daily follewing the procedure in ISO 5660-1:2015, 10.2.

11[.2 Gas analyser calibration

Thiis calibration aims to collect,a series of absorbance spectra for the gas species to be analysed from
certified standard bottled gassmixtures. Calibration of the FTIR gas analyser shall be made under similar
atinospheric conditions tothose experienced during testing (including the temperature and pressure
of the gas cell and sampling flow rate). Calibration details can be found in ISO 19702. A background
spectrum using high purity nitrogen shall be collected before each test.

12 Test procedure

12.1 General precautions

The‘test procedures involve high temperatures and combustion processes. Therefore, hazardp can exist
such as burns or the ignition of extraneous objects or clothing. The operator shall use protective gloves
for insertion and removal of test specimens. Neither the cone heater nor the associated fixtures shall be
touched while hot. Care shall be taken to avoid touching the spark igniter which carries a substantial
potential (10 kV). The outlet from the FTIR sampling system shall be connected to an exhaust to be
safely disposed of. The possibility of the violent ejection of molten hot material or sharp fragments from
specimens when irradiated can occur and it is therefore essential that eye protection be worn.

© IS0 2021 - All rights reserved 7
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12.2 Operation before each test

The filter, sampling line and the FTIR gas cell shall be heated for at least a minimum of 90 minutes with
the specified air flow running, before starting the daily series of tests, to allow thermal stabilization.
Before starting the test, the following preparation for gas measurement shall be performed.

a)

b)

The respdnse time §hould have been previously determined according to the procedure descrih
in ISO 19702. The'gas generation rate curves should be time-shifted taking into consideration t
delay time.

Clean or change the filter element of the main filtering system. The filter shall be changed if
analyses are to be made on the filter. See ISO 19702:2015, Annex C for analyses of filters. Note that
acid gases, amongst others, can be adsorbed on particulates retained by the filter. When the total
amount of one specific gas has to be measured, the quantity retained on the filter should be added

to th faotal oot A f o d oo cnc oo lucad butha ETID
Y 1 X 11\

TOTOT ToIIUTTIIC UT aCTo ga STy atrary ST oy T

Clean|or change the filter element of the optional secondary filtering system if necessary.
Flush|the sampling line and FTIR cell with nitrogen for at least 10 minutes.

Colledt the background reference spectrum with the sampling line and cell flushéd with nitrog
gas. Tlhe pump is normally used at the working sampling flow rate during this procédure to prov
the operative cell pressure.

Start the pump (if not started in the previous step) and draw air throughthe’sampling system for

least 10 minutes to flush the line and cell and set the pre-established gperative sampling flow rg
During this operation, the pressure in the gas cell shall attain an accéptable constant value (see
and 1[1.2)

At lealst 1 minute before starting the cone calorimeter tests, start recording the following data 3
time interval of at least 15 s or faster. Record all 0fthe following measurements until the end of
cone ¢alorimeter test.

— PFessure and temperature inside the(gas cell;
— Cpntinuous FTIR spectra.

After|at least 1 minute of pre-tecording, start the cone calorimeter test. Spectral data collect
shall be started at least one minute prior to the beginning of the test in order to allow for detect
of any significant contaminants. The test shall be aborted if such contaminants are discover
Ambigent CO, shall be\measured quantitatively (during pre-measurement period) and can
subtrhcted from reported values if appropriate.

ren
de

at
te.
7.5

ta
he

on
on
ed.
be

ed
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13 Calculations

13.1 General

Carry out the gas analysis of collected FTIR spectra in accordance with ISO 19702.

NOTE If required, other gases (such as acrolein, formaldehyde and ammonia) can also be determined.

© ISO 2021 - All rights reserved
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13.2 Total mass loss

:2021(E)

This is the initial mass, m,, minus the mass at t,. If there is no ignition, m,, is the mass at test end as
defined by ISO 5660-1:2015, 11.3.5. See Formula (1):

Am= my— my,

13.3 Mass of gas evolved

e8]

Fo

in

wh

Th

anj

calculated from the following Formula (3) and Fermula (4):

wh

In

Fthe time of each F IR data poInt, calculate the volume flow rate in the exhaust duct, V298 ;
fubic metres per second, related to 0,1 MPa and 25 °C, from Formula (2):
m

e

Pr9g

V298
ere

m, isthe mass flow rate in the exhaust, expressed in kg s°1, as given-byISO 5660-1:2015, For

P,ods the density of air at 0,1 MPa and 25 °C (=1,168 4 kg m3).

e gas species flow, Vg, expressed in cubic metres peérsecond at 0,1 MPa and 25 °C and

ount of gas species production, Vg, expressed in cubic metres per second at 0,1 MPa and 25

Vg = Va9 X &g

te -
V,= Li v, dt
ere

0q is the volume fragtion of a gas species

t isthe timefrom ignition (¢;) to extinction (t,), expressed ins.

brder toobtain the mass flow of a gas, Formula (5) can be used:

pxpressed

(2)

mula (10);

the total

°C can be

3

(4)

Vo9 X Qg ><Mg

5 0,024 79

(5)

where 0,024 79 m3 mol is the volume occupied by one mole of the gas at 25 °C and 0,1 MPa pressure
assuming ideal gas behaviour.
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In order to obtain the total mass generated during the test period, in this case the period of flaming
combustion, Formula (5) can be integrated.

te . d
mg—_[ti mg t

A trapezoidal numerical integration shall be used; see Formula (7):

13.4 Yie

The yield
Formula (

13.5 Upper limits

When gass are not present in sufficient concentration to be detected by the gas analyser, their upj
limits shalll be calculated. This is first done by assessing the dimit of detection for each gas, follow

Vg =1

ISO 12824
for ¢ in Fq

14 Test

These tes
the test.

The test 1]
the test a
shall be cl

asin ISO 3660-1:2015, Clause 13)with the exception of parts q, r, s, v, w, z, aa, bb, and cc.

In additio

a)
b)

c)

d)

10

The n
The n

The t

mg (ti)zo

(6)

ZZ; 1 (0.5)[ g (e=At)+rm (£) ] At

d of gas

of each gas species is the ratio of the mass evolved to the mass lost from ‘the specimen;

B):
1, /Am

-1. Then the preceding series of calculations are conducted, substituting the limit of detect
rmula (3).
report

results relate only to the behaviour of the test specimens under the particular conditions
eport shall be as comprehenSive as possible and shall include any observations made dur
nd comments on any difficulties experienced during testing. The units for all measureme
parly stated in the repoft)The essential information given in the test report shall be the sa
h, the report willinclude:

ames of the species analysed.

(7)

bee

(8)

per

ng
on

of

ng
nts
me

haximum wolume fraction of each gas of interest, or in the case of undetected gases, their
limit of détection, expressed as “< @ op”

1d

btal yields of each gas of interest, or in the case of undetected gases, the upper limit yi

based on the limit of detection, expressed as “<y; op”.

Average yields of each gas of interest from multiple tests of identical specimens (normally triplicate
tests according to ISO 5660-1).

Graph of mg versus time, for each gas of interest.
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