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technologiesHowever, insome casewve reference
halogenatedlameretardants,becausehey arestill

widely used.
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Worldwide FireStatistics

(International Association of Fire and Rescue Ser)icesering around one
sixth of the world population.

For 2021 commonest identified causes of fires: open fires, electrical

Numbers of fires (per year and million population):
A World average (2012021, for 38 reporting countries)

{ 37 800
FIREDEATHS FIRENJURIES  FIRES

In 2017, the Geneva Association (bringing together nearly 100 insurance
companies worldwide) estimated that:

FIRECOSRROUND
1% OFGDPWORIDWIDE

2023
Ne 28

CTIFOD

INTERNATIONAL ASSOCIATION OF FIRE AND RESCUE SERVICES

Fire statistics available globally are limited. An overview is provided by CTIF

Center of Fire Statistics

-

INTERNATIONALE VEREINIGUNG DES FEUERWEHR- UND RETTUNGSWESEN
L’ASSOCIATION INTERNATIONALE DES SERVICES D'INCENDIE ET DE SECOURS

CTIF report 2018°r28 (statistics for 20172021)

¢ Center of Fire Statistics, World Fire Statistics
https://www.ctif.org/world-fire-statistics

Geneva Association, Bulletin World Fire Statistt@®n2014
https://www.genevaassociation.org/sites/default/files/resear
chrtopicsdocumenttype/pdf public//ga2014wfs29.pdf
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USAFIreStatistics

CANB RSIFOK&a Ay GKS '{1! KIS TFI ff
(12,000 fire deaths in 1974) but have been slowly rising since 2012.

For 2022, US Fire Administration data:

4,400 +22%
FIREDEATHS / YEAR FIRE DEATH RATE IN TEN YEARS

For 2022NFPA (National Fire Protection Association) data:

1,5 3,800 13,200 US$18

MILLION CIVILIAN CIVILIAN BILLION

FIRDEATHS FIRHNJURIES
REPORTED FIRES PROPERTY

LOSSES

US Fire Administratiomttps://www.usfa.fema.qgov/statistics/

Graph herédhttps://www.usfa.fema.gov/statistics/deathejuries/

Fire death rate = per million population, per year

Us National Fire Protection Association (NFPA)
https://www.nfpa.org/Newsand-Research/Dataesearchandtools/USFireProblem/Firdossin-the-United-States

S

i 7 1
> Administration

>’

Fire death rates per million population (2013-2022)

10
I I I I I I I I I I
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

# Fire death rate (per million population) — Trendline
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Figure KR.2: Total fire-related fatalities, England; the year ending September 2013

E U rO p e anF I re S tatl Stl CS to theyea.rénding September 2023

B Dwelling fires [ Other fires [} Grenfell Tower Fire
400

330

There are no collated fire statistics for Europe. Most countries have fire data 300
but these are not necessarily comparable.

Estimatessuggest that fire kills over 5,000 persons/year in Europe and |nJures .
ten times more. O

100
In many countries in Europe, fire fatalities have fallen significantly since the %0
1980's. This is probably a combined result of: 0

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
A Fire safety regulations

(]
n
o

—
on
o

Fire-related fatalities
%)
o
o

Year ending September

A Electrical and other product regulations Dwelling fires and firgelated fatalities, shown against
A Changes in behaviour, in particular reduced smoking ~ regulations aimedto increase fire safety, - .
.~ a C2 andrandsin firesandfire-NB t | 0 SR UKIHontef A U A S
. Office,12 October 2017
However, as in the USA (previous slide), the numbers of fires and of fire ~  https://assets.publishing.service.gov.uk/government/upload
: : . s/system/uploads/attachment_data/file/650869/focus
deaths seem to be increasing over the last few years.  trendsfires-atalitiesoct17.pdf

pinfa.org |10


https://www.europeanfiresafetyalliance.org/our-focus/statistics/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/650869/focus-trends-fires-fatalities-oct17.pdf

ChinaFire statistics

Fire incidents, fatalities and economic damag

%, 8000 : .
T‘%zzz o “have been falling betwee?013 t02020
2 200 .. However, all have increased sharply between
— :

600 2020 and 2022.

5000
igz i o Statistics provided by National Bureau of
T 3000 o P . y

300 T o - Statistics of China.

200 T

100 — 1000 . . .

Major fire accidents in the past 5 years,
0 0

llegally using fire: 6 cases, 149 deaths,
electrical faults fire: 3 cases, 51 deaths,
llegal operations: 2 cases, 44 deaths,
electric scooter fire: 1 case, 15 deaths,
careless use of fire: 1 case, 18 deaths

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

—Fire incidents (left axis) —Fatalities —Direct loss (mio. Yuan)

Reasons of fire accidents in last 10 years

o Io Do o I»

Careless use of fire
30%

Other reasons
18%

Deliberate arson
1%

Spontaneous
combustion
2%

Electrical fires
43%

: e Smoking e
Playing with fire 4%
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Role of Flame
Retardants In Fire safety
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Day-to-day Materials andFire

Crude oll

Coal

Natural materials also represent a significant fuel potential in homes and
offices.

Wood

Cotton

The heat emitted in a fire depends on oxygen, so foams (which contain air |

bubbles) or thin plastic components will burn faster and more fiercely.

Haight, 2012 "Energy and economic values of-remycled plastics (NRP) currently landfilled in Canada
http://biblioteca.anipac.mx/wpcontent/uploads/2017/10/file_Haight Energy Value of NRP_Study Finghadé 17
and Shen 2008, Life Cycle Assessment of Polysaccharide Materials: A Review, table 5, infoE/i&8hive-
ouverte.unige.ch/unige:42935/ATTACHMENTO1
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Escapelimein aModern DomesticFurnished
RoomRangedrom 1%2to 10 Minutes

THIS ISHE TIME BEFORE TEMPERAREBREHES 6€0,000°C.

These are conclusions of an assessment of > 400 fire tests,
Including 44 fullscale furnished room tests (1).

Different nonflame retarded upholstered furniture led to heat release rates
of 600z1,000 kW after five minutes (2).

Furnished room tests, with neRR furniture, reached 2@0 with significant
smoke at open doorway afterd minutes (3)

These studies confirm a NIST (USA National Institute of Standards and
Technology) study (4) which showed that escape times have been reduced™
to around 1/8"since 1975. Photo © EFRA, Ralf Baumgarten

6 M0 &5 S Raumedugierturgybn Originalbrandversucheim Vergleichmit analytischerRechenverfahrent SA t M€ 3 A Y

DSNXYIY owz22Y FTANBAaAY O2yOfdzaizya FTNRBY NBI { vidbxeitsahrifitbzy USadAy3a O2YLI NBR SAGK | ylFfteadaolft
Forschung, Technik und ManagemeéntBrandschutz -2, 2012https://www.baufachinformation.de/DeiBrandin- 5

R%E4umenind-seineWirkungen/z/2012069003173

OHUO Gaz2RStfAYy3I 2F KSFG NBESFaS NIGS Ay dzl)K2f a0&SBBEBR FAdz2NYAUGdzNE FANBEZ DO 2 %2dz SO | o
http://dx.doi.org/10.1002/fam.2502

600 U aly 2@0SNBASS YR SELISNAYSyGlrft lylfeara 2F FdzNYAGANE FTANB &l FSGe NBIdzZ FGA2ya Ay
Materials, 2020, 416, https://doi.org/10.1002/fam.2826Work funded by BSEF and ACFSE

6no .dz2l264a1A2 wd2d Sl fdPE HanntTsE at SNF2NXYIYyOS 2F 12YS {Y21S !'fINyaz !ylrfteara 2F GKS
¢SOKy2f23ASa AY WSaAaARSYUGAlrt CANB {SUuUAy3Iaé bL{¢ ¢SOKYAOIrt bB20S mnpp oO6odc LI ISaov
https://www.nist.qov/publications/performancénhome-smokealarmsanalysisresponseseveralavailabletechnologies pinia.org 114
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TheFireCurvefor aRoomFire

Initiation of fire Fullydevelopedfire
The three phases of fire and the protecting features of flame flame
retardants are: 2 retardants
L 2 act here
Ignition source 5
A Prevent ignition
A Possibly seléxtinguish 7 s
0 Flaslover after
Start offire <10min
Flame spread Firepenetration
Flame spread Heatrelease

A Slow down flame spread
A Reduce heat release
A Delay flaskover ' Risks

Smoke: irritation, toX

Fire penetration 5 .
A Prevent the collapse of structures, e.g. steel columns Ignition sources

protected by intumescent coatings - Flammabilitylgnitability
A Prevent fire moving to adjacent room or building
compartment

©ClariantPlastics& CoatingsD GmbH
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FlameRetardantsincreasethe Escapeimeby
Preventingor SlowingDown Ignition and Fire
Growth

Flame retardants reduce the risk of ignition and fire spread of many
plastic and textile materials which results in more available escape
time for occupants.

Time to flashover can increase from 5 minutes to 15 minutes which
can make the difference between escape and fatalities.

Bear in mind that the escape time includes the time to discover the
fire, to alert other people, take the decision to call the fire brigade,
take own actions to extinguish or take the decision to evacuate the

building.

The times and temperatures In the graphs are typical numbers but
can vary according to the circumstances and materials involved.

How FlameRetardants can increase
escape timan fires

With FlameRetardants

o . . .

600°C

400°C

EEEEEEEEEEEEEEE

IGNITION  FLAME SPREAD

1) ’ 2 (3 Time
15 MIN

ESCAPE TIME
Without FlameRetardants

800°C ‘

600°C
400°C

200°C

L_@ 6 Time
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House fires can bansurvivablebefore fire
services arrive

New Zealand Fire Services$fdhle house fire test
Fire started by shoftircuiting a scooter battery

Fire is not survivable In the initial room In <3 minutes
Whole house is on fire be 5 minutes

Fire services arrive after 7 minutes

NZTV (New Zealand TV) Seven Sharp, 15th August 2023

(fire from 2¢ 15 minutes) :
https://www.facebook.com/sevensharp/videos/844161003587032/

Response times of fire services in urban areas are aroudL8 |
minutes (USA, UK, New Zealand *) ~ Photo ©Shuterstock

*= https://mpa.unc.edu/sites/default/files/JohnYeomans.p¢f
https://internationalfireandsafetyjournal.com/averagire-responsdimesin-
englandrise-by-15-seconds/

| 17 pinfa.org
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The fire which didn't happen testimonials

"When we upgraded, we found the circbiteakers charred

through (photo right). Flame retardants

probably prevented a fire

starting and spreading to the whole electrical box, surrounding

items and beyond."

"One morning | entered the house and

noticed a hazy, white

smoke, with a slight odour of something burnirfgpower strip

pet had urinated on it.In the picture you
eft on the power strip.”

"A candle was burning on a sterebromt
appartement you could smell burning p
melted down into the stereo casing anc

damage to a lamp shade and drywall. it Q& |

ocated behind a bookshelf was smoulderih@ppears that a

will see the black residue

ne other end of the
astiche candle had

was smoking, with smoke
YANI Of S

entire appartement complex from burning down ."

"I had a lit candle and it fell on my carpet. Instead of flaming, the

carpet was only scorched."

l.’J

U lockor dothiment B s

Photo:pinfa

materials used in electrical and
Istignition from a local heat source (wire

@ 650800°/ Y O(E|f2ﬂ GANBE (Sad ovo
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CasdHistory
FiresStartfrom Smalllgnition Sources (1)

September 2, 1666 |
The Great Fire of London, started on 2nd of September 1666, in the bakery of
Thomas Farriner, in Pudding Lane. Farriner supplied bread to the Royal Navy
and later accused a Frenchman of having deliberately lit the fire.

September 6, 1666 |
Four days later, the fire had destroyed the homes of 70,000 people (85% of
UKS OAUG@éQa LR2LdzZ I aAz2yo a ¢Sttt I a ;y
found by archaeologists shows that the fire reached 1,25 Pudding Lane.

Photo: British Museum collection. Unknown arti$tiki
commonshttps://commons.wikimedia.org/wiki/File:The Great Fire_of

London, with Ludgate and Old St. Paul%27s.JPG

The fire was finally stopped, and prevented from reaching the Royal Court at

Whitehall, because the wind dropped, and the Tower of London Garrison ~ Other historic fires include:
used gunpowder to blow up swathes of houses and create effective A Helsinki, 1808
firebreaks. A Great fire of Turku, 1827

| A gr(l)%rgrlllcl)f éhe Company, Santiago, Chile, 1863, over

. e

85% 90 THE TEMPAREATURE A Hamburg Great Fire, 1842
HOMEDESTROYED CHURCHES REACHED A Greatfires in Chicago, Michigan and Peshtigo, 1871
IN THECITY DESTROYED 1 | 250°C A Great Vancouver fire, 1886

S A Great Fire of Toronto, 1904 ]
pinfa.org | 19
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CasedHistory: Grenfell Tower,London,14-June2017

72 dead. 70+ injured. 127 families lost their homes. Fire burned for 60 hours.
See photos showing the development of the fire henhehttps://www.bbc.com/news/uk40301289

The official Inquiry concluded that the fire:

startedin a Hotpoint (Whirlpool) FF175B fridfreezer,

spread rapidly over the building through non tsafe polyethylene, phenol, polyisocyanurate cladding, installed in

thermal renovation of the building in 20129016,

A w%s aﬁcelerated by deformation of uPVC window frames ardBCwindow ventilators which allowed fire toeater
other flats,

A other failures irfire safety contributed to the catastrophic consequenoéshe fire, includingissueswith sprinklersgas
supply, fire stopsemergency exits.

¢CKS 2FFAOAFET LYIljdZANE dzyRSNI AYSR (KIFId SOSNE 2yS 2F (KS
companies, the building industry, architects, contractors, fire engineers and fire testing and of the London Fire Brigade.

Too T

The London FirBrigadeand consumer magazin&hich havecalledfor flameretardantbackings for fridgeandfreezers. The
QTTAOAI f LYldZANE y20SR (KIG 20SNJ 0KS fAFSGAYS 2 Pnikde NB &
g2dz R KI LILISY € &

The Times stated that thase ofappropriate, firesafe cladding materialwould haveaddedlessthan 5,000GBP to the3.6
million GBRefurbishment cost. Legal actidras beerengagedn the USAya dzZNIJA @2 NA famn}éﬁgammmﬁodf a Q
(Hotpoint), Arconic(cladding) andCelotexg SaintGobain (insulation).

UK housing fire safety campaign: Grenfell Unitgtps://www.grenfellunited.org.uk/

UK Government report: Hotpoint fridgfeeezer investigatiomttps://www.gov.uk/government/publications/hotpoirfridge-freezerffl 75b-independent

investigation

Official independent report on Grenfell fire (Dame Judith Hackitt):

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/668747/Independent ReviBuidihg Requlations
and_Fire Safety.pdf

London Fire Brigadéttps://www.london-fire.gov.uk/news/201&news/fridgefreezerdelay-putting-livesat-risk/

WHICHhttps://www.which.co.uk/news/2018/02/revealedhe-brandslinked-to-the-most-appliancefires/

Grenfell Tower Inquiry reportsttps://www.grenfelltowerinquiry.org.uk/

Photo: FireGrenfell Tower fire, Natalie Oxford, wiki commoh#ps://commons.wikimedia.org/wiki/File:Grenfell Tower fire (wider_view).jpg
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CasdHistory
DusseldorfAirport, 11-April-1996

c. 13h00
Droplets of solder from welding work on an access road outside Terminal A faII

Into polystyrene insulation material.
Smouldering fire spreads slowly within a ceiling void.

c. 15h30
Fire is noticed by a taxiriver in the arrivals area. The airport fire brigade

arrives rapidly.

c. 16h00
Flashover occurs, with around 106G of ceiling material burning, as well as

cables. Dense black smoke spreads rapidly through the terminal building.

A 17 people died, all from smoke inhalation, and nearly 90 were injured [ ;f
A The airport fire services were not trained for this type of fire A men
A The polystyrene insulation was installed in violation of the building permit |

6ay2 02Y0dza A0t S AyadzZ | GA2YE D

See:https://www.qgrs.de/sites/default/files/pdf/grsa-3912 0.pdf pin a.org | 21
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ConsumeProducts
Europeand USAAlert Systemsin Place

Safety Gate Rapidlert System
for dangerous no#ood products
(previously "RAPEX")
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) | Coffeemachines like thisne can burn for more than
L 30 min. Fhoto © EFRA, Rafaumgarten

recalls and alerts

Websites:
https://ec.europa.eu/safetygate-alerts _
https://www.cpsc.gov/Recalls pinia.org
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Consumeiproducts
FlameRetardantsversusSmokeDetectors

BAM Germany studies, using room fire tests and modelling of home fires:

Room fire test
{O0FNOISR 0é& | OFyREtS FftFrYS Ay | T dzNJ/ A
flame retarded mattress for one second:

) ﬂ Photo (c) Shutterstock
Smokealarmin roomtriggered Flashover Temperatures reach
2%2MINUTERFTER 4 MINUTES 400cCNEARIHE LOOR

IGNITION AFTERGNITION 1, OOO(CNEAFCEILING

Modelling of fire development
Smoke and fire spread to other rooms and to other flats in the building,
See: A. Hofmann (BAM) et al., Flame Retardants 2006

considering flame retarded or non flame retarded first item ignited (sofa, TV set) Conferencelnterscience pp. 195215
) | https://www.researchgate.net/publication/290580635_
5 Modelling fire_scenarios_in_residential buildings with
respect_to_the benefit of smoke detectors and_flame

Flashover Smokealarmsalone retardants_in_high_risk_itenend
DELAYED FRON“-B DONOTG'V ESUFF'C'ENT"ME ARE ALSO https://slideplayer.com/slide/1688416/
TONEARLY 15 FORESCAPENORFORFIRE ESSENTIAL
MINUTES SERVICE INTERVENTION
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ThePlasticdPyramid

Most High'V()Iume COmmOd|tyP|aSt|CSN|” burn Triangle ofThermoplastics
readi |y by Structure, Capability anérice

. Resitance

Thermoplastics: ~ against chemical$ieatandfire
A High Performance Polymers permitting exceptional-esdapplications, .
specialized niche products at high costs ?
A Engineering Plastics with improved performance at higher costs | >10,000¢ K ¢ 2
A Standard Plastics = 65% of EU plastics consumption include Polyolefins, P‘: Ei?hPermance ‘
: olymers \
EPS, PVC and PET (Bottle grade) | m>asoc p/ZI EEE | oo koo
| PEI LCP
Thermoset resins: ggj PPS ‘
A Acry“C’ Epoxy’ Polyestéﬂnylester PUR’ PhenO“C E ....... A PPA PAAC s
. . . : N
A Generally stronger than thermoplastics, generally better suited to high | ThermoplaticsT ppEmod. PETinjection N
temperatures, easy to prototype e PF:\<131_PP'\//L'\1/'§ gg{ﬂ ‘
FLAME RETARDANTS CANSSuS as sanash pacpaco N
A0OMIOMETRIAQONS BE ADDED TO PLASTICS EEEEEE
PlastlcostI EPS PS 5 LDPE
TOTAIGLOBACONSUMPTIONF REDUCE EASE OF IGNITI (i Jrader pve  LDPELLDPE
PLASTICIBI2022 AND SPREAD OF FIRE
| Amorphous Semicrystalline
SourcePlasticsEurop2016 /ConsultidVlarketing &IndustrieberatungGmbH. structure structure
Average 2010 indicative prices. Soutaps://slideplayer.com/slide/11216536/ Capability byTemperaturelndex by UnderwriterLaboratories USA

(1) =PlasticsEuropa t f I GIIKASOSCI Olla HAMPpE S
https://plasticseurope.org/media/ pinfa.org | 24
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The Global Flame
Retardants Market
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The Variety and Classificatiarf Flame Retardants

zhosphoru.s based | Carbon char sources and expansion agents fOf Many very different chemicals are

Inorganic, e.g. red phosphorus, ammonium intumescents dz2 SR a4 4FflIYS NBiL
polyphosphate (APP), aluminium phosphite A Expandable graphite, pentaerythritdignin, FYRK2NJ Fa aavyz21$ 4&d:
(AIP), etc. cellulose, ...

A Nonhalogenated phosphorus esters, e.g. TCP,

TPP, TBEP, etc. Halogenated flame retardants: @_ _Q 31 P 27A|

A Organic P compounds, e.g. DOPO, aluminiumA Brominated or chlorinated, e.g. PBBs?, PBDES*

alkyphosphinategAlP), phytate (bicbased), (such aPecaBDf, DBDE -
etc. (decabromodiphenlyéthane), HBCD*, TBBPA SOB Br{;ﬁi& 35
Tetrabromophthaliacid anhydride, r C I
Inorganic: Dechlorane, chlorinated paraffins*, L R, v
A Metal hydroxides, oxides, e.g. magnesium GOKE 2NAY I SR (NMaA&:¢E o ¢ 5 N;(IN 14 AI(OH)
hydroxide (MDH), aluminium hydroxide (ATH)  chlorinated alkyl phosphates (TCPP), etc. NH, N
A Synergists and smoke suppressants: * banned or restricted today in Europe 1 1 B
compounds of copper, zinc, boron, A These are often used with antimony 0 ¢ §—0 g o_(
molybdenum, iron, etc. compounds (ATO) 24M Jt" }
A Natural and synthetic clays and orgadiays g °” ks

Nitrogen based:
A Melamine polyphosphate and other
melaminebased compounds, amiAsased
compounds, ammonium and urea compounds pinfa.org |2



GlobalConsumptionof FlameRetardants

~7-8BILLIONUSD  ~4-5BILLION USD

GLOBAL USBFFRS GLOBAL USE OF HRIS
~3.5MILLIONTONRA YEAR (non-halogenateq
Expected continuing PIN FRénon-halogenated
GROWTHATANNUAL RATEBF AREGROWINGASTER
~6% ~ 8%

A ~85% of all flame retardants are used in plastics.

A The rest are mainly used in textiles, rubber products, wood and timber.

A The global FR plastics market is estimated at ~ 50 billion USD.
A Ongoing shift to higher consumption in Asia

(today > 50% of FR consumption).
A Ongoing reduction of the share of brominated flame retardants

Sources:

IHS Flame Retardants Market Report 2017

J. Croziepinfa, at Flame Retardants in Plastics, Cologne, 2018
Summaries of FR market studiepinfa Newsletters Al48, 156www.pinfa.eu
www.flameretardantsonline.com

18%
Organophosphorus

5%
Chlorinated

g,
9%, ‘ Other
Antimony

oxides

17%
Brominated

38%
Aluminumtrihydroxide

Global Consumption of FlamRetardantsby type and by
tonnage(2016)
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GlobalConsumptionof FlameRetardants
will Continue toGrow

A Flame retardants consumption growth is driven by

- economic development (GDP) means more houses, trains,

electric and electronic equipment

airplanes,

- Increasing use of flammable materials (polymers, composites, wood),

furnishings

A Development of sectors where fire safety poses specific challenges:
renewable energies, batteries & electric vehicles, ubiquitous electronics

and permanent connectedness, 'green’ construction
A Increasing safety awareness and requirements —

A Trend towards PIN flame retardants —

Data from J. Crozier, pinfa, at Flame Retardants in Plastics, Cologne, December 2018, based on secondary data from

Antimony

Phosphorug-Rs
Other PINFRs
Brominated

Chlorinated

secondary research, company websites, press releases. magazines, expert interviews, and MarketsandMarkets Analysis

Tonnes 201 6otal
= 2.5Mt

“

g

Value2016total
= 9hillion USD

Tonnes 2021otal
= 3.5Mt

"

S’

Value2021total
= 13billion USD

V am

4
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GlobalConsumption
of FlameRetardants
will Continue toGrow

Aalyé O2YYSNDAIET aYIFNJ]SI
predict sustained growth in flame retardants
worldwide

Billion US$ Current market

To reach

Global market all FRs (US$)

Acumen
FutureMarketlnsights

GrandView
IMARC
MarketResearch Biz

MarketResearchFuture
MarketsAndMarkets
ReliableResearch

Straits Research

Technavio

A Estimates vary very widely, suggesting that different yauates

GaiudzRASas Yleé y2i
estimates for the world FR market (2022) vary from
3,3t0 15,3 bn USS$.

Aclk1Ay3a 20SNI v
ignoring outliers, most estimate the world market
for FRs at € 8 bn US$, with growth of around +6%
per year for the coming decade.

A Estimates of the world market for nemalogenated
(PIN) FRs are around;4 bn US$ (somewhat more
than half the total FR market by value), with growth
of around +8% per year.

From pinfa Newsletter’d56, January 2024ww.pinfa.eu

o) S 7\ )f C Brainylnsights

DataBridge

Emergen
ReportLinker

() 2ZYY S N~f) Al ResearchandMarkets

MarketResearchGuru
AlliedMarketResearch
P&Sintelligence

6.3 %
7.1 %
7.1%
6.6 %
5.1 %
6.9 %
5.2%
11.6 %
4.7 %
4.7%
2.8 %
7.3%
6.2%
5.1%
4.5%
5.1%
4.3%
6.6%
5.3%

8.1 bn$ (2022)

8.5 bn$ (2022)

8.6 bn$ (2023)

9.2 bn$ (2023)

7.2 bn$ (2023)

8.1 bn$ (2022)

7 bn$(2022)

7.7 bn$ (2022)

7.7 bn$ (2021)

7.6 bn$ (2022)

6.6 bn$(2022)

8.6 bn US$ (2022)
12.8 bn US$ (2021)
6.7 bn US$ (2021)
15.3 bn US$ (2022)
7.2 bn US$ (2022)
3.3 bn US$ (2022)
7.4 bn US$ (2020)
7.6 bn US$ (2021)

14.8 bn$ (2030)

17 bn$ (2032)

14.9 bn$ (2032)
13.5 bn$ (2030)
11.8 bn$ (2033)
14.8 bn$(2032)

9.5 bn$(2028)

14 bn$(2030)

11.7 bn$(2030)

9.5 bn$ (2027)

8.3 bn$(2029)

15.0 bn US$ (2030)
20.7 bn US$ (2029)
10.5 bn US$ (2030)
21.7 bn US$ (2030)
9.2 bn US$ (2027)
4.3 bn US$ (2028)
14.0 bn US$ (2030)
12.0 bn US$ (2030)

Global market norhalogenated FRs

Business Research Co

Data Bridge

MarketResearchFuture
StratView

Zion

CoherentMarketinsights

IndustryArc

VerifiedMarketResearch

10.5 %
9.1 %
5.7 %
8.5 %
8.5%
6.4%
8.0%
8.6%

4.8 bn$ (2023)
5.8 bn$ (2022)
2.2 bn$(2023)
4.6 bn$(2023)
4.1 bn US$ (2021)
3.0 bn US$ (2019)
4.9 bn US$ (2022)
4.1 bn US$ (2020)

5.3 bn$ (2032)
11.6 bn$ (2030)
3.4 bn$(2032)

7 bn$(2028)

6.8 bn US$ (2028)
5.0 bn US$ (2027)
7.2 bn US$ (2027)
7.9 bn US$ (2028)


http://www.pinfa.eu/
https://www.acumenresearchandconsulting.com/flame-retardant-chemicals-market
https://www.fmiblog.com/2023/10/06/flame-retardant-chemicals-industry-anticipated-7-1-cagr-growth-from-2022-to-2032/
https://www.grandviewresearch.com/industry-analysis/flame-retardant-market
https://www.imarcgroup.com/flame-retardants-market
https://www.einnews.com/pr_news/627884121/flame-retardants-market-is-estimated-to-grow-at-an-exceptional-pace-with-a-cagr-of-5-10-to-reach-usd-11-84-bn-in-2033
https://www.marketresearchfuture.com/reports/flame-retardants-market-2506
https://www.marketsandmarkets.com/Market-Reports/flame-retardant-chemicals-market-686.html
https://www.digitaljournal.com/pr/news/prime-pr-wire/despite-the-challenges-posed-by-covid-19-the-global-flame-retardants-market-size-is-projected-to-grow-at-a-cagr-of-11-6-during-the-2023-to-2030-period
https://straitsresearch.com/report/flame-retardant-chemicals-market/
https://www.technavio.com/report/flame-retardants-chemicals-market-industry-analysis
https://www.openpr.com/news/3254340/global-flame-retardants-market-research-report-2023
https://www.thebrainyinsights.com/report/flame-retardant-market-13068
https://www.openpr.com/news/2913568/flame-retardant-market-projected-to-reach-usd-20-73-billion
https://www.einnews.com/pr_news/600565862/flame-retardant-market-to-rear-excessive-growth-during-2030-by-emergen-research
https://www.reportlinker.com/p05817772/Global-Flame-Retardant-Chemicals-Industry.html
https://www.businesswire.com/news/home/20221205005429/en/7.2-Billion-Flame-Retardants-Markets-Aluminum-Trihydrate-Antimony-Oxide-Brominated---Global-Forecast-to-2027---Opportunities-in-Developing-More-Effective-Synergist-Compounds---ResearchAndMarkets.com
https://www.marketresearchguru.com/2022-2030-flame-retardant-chemicals-market-20670344
https://www.alliedmarketresearch.com/press-release/flame-retardants-market.html
https://www.yahoo.com/now/flame-retardants-market-surpass-12-101000926.html
https://www.openpr.com/news/3006653/the-market-for-halogen-free-flame-retardants-is-poised
https://www.databridgemarketresearch.com/reports/global-halogen-free-flame-retardant-market
https://www.marketresearchfuture.com/reports/halogen-free-flame-retardant-market-6062
https://www.stratviewresearch.com/3479/halogen-free-flame-retardants-market.html
https://www.einnews.com/pr_news/610294013/global-halogen-free-flame-retardant-market-is-likely-to-grow-at-a-cagr-value-of-around-8-50-by-2028
https://www.coherentmarketinsights.com/market-insight/non-halogenated-flame-retardant-market-3681
https://reportedtimes.com/non-halogenated-flame-retardants-market-set-to-grow-at-a-cagr-of-8-during-the-forecast-period-from-2022-2027/pments-technology-forecast-to-2027/
https://www.verifiedmarketresearch.com/product/non-halogenated-flame-retardants-market/

Fire challenges identified by IAFSS

(International Association for Fire Safety Science)

A climate change, wildfires

A new technologies

A globalisation
A population growth, ageing (and so more vulnerable) population
A urbanisation, new construction techniques, tall buildings
A resiliency and sustainability, green buildings

International Association for Fire Safety Science (IAFSS Agenda
2030 for a Fire Safe World (2019)
https://doi.org/10.1016/|.firesaf.2019.102889
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Whenare FlameRetardantsUsed?

]

ProductSafety Product Fire and
Laws Standards SmokeTests ' UL94 Test

—

GlowWire Ignition Test

Smokedensity, smoke&oxicity
Photo © Shutterstock
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Whenare FlameRetardantsUsed?

Flame retardant packages are specific to a given plastic to ensure:

A Material properties: mechanical, electrical, aesthetic, ageing and
weathering, resistance to heat or chemicals, etc.

A Compatibility with other additives

A Processability

A Cost
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Flame Retardant
Mechanisms, How
They Work
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PINFlameRetardantsinhibit Ignition and
Combustion

Flame retardants (FRs) can have one or several modes of action

Gas phase:
React with, or remove by catalysis, the reactive OH* and H* radic
which are released by materials under heat and which feed fire.

Solid phase:
Generate a char layer on the material surface, which insulates fr¢
heat and prevents contact between oxygen and flammable gase:

Heat buffer:
Endothermic degradation reactions absorb heat energy.

Dispersion:
Release of nowombustible gases (e.g. water, nitrogen), which
dilute fire gases and oxygen.

Action in the Gas Phase

Thermal
l Feedback l
Lygen Heat
Heat l Combustion products
A Smoke
Interruption of radical chain A
mechanism: Br, Cl, P
Combustible gases Carbonaceous layer by
Dilution by water formation: ATH, P, N, B intrumescence,
MHD nanocomposites

T
Decomposition area 1

Carbonization

Cooling (endothermic) and substrate dilution: ATH, MHD

Action in the Condensed Phase

Pyrolysis:
Catalysis releasing poorly flammable molecules.

pinfa.org 34




The Different Mechanisms of PIN Flame
Retardants

Phosphorus flameetardants Inorganic flameretardants
- quench and cool

Radicals*

2Al(OH); + Heat

Char

*Somephosphorus-Rs release radicalich
guench thecombustion reactions

Nitrogen flameretardants

o Release of poorly flammable

‘e’ t | I ]
B gases (nitrogen, pyrolysis
products)

(some) Inorganic PIN synergists:
Suppression of smoke release

Char
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PINFlameRetardants
and Smouldering Combustion

Smouldering combustion is slow, low temperature, flameless burning of solld
materials. Smouldering fires can: |
A burn for a long time and are difficult to extinguish.

A transition suddenly to flaming fires if air is allowed access

A release more toxic fire gases than flaming fires (albeit at a slower rate)

Flame retardants are generally not designed to inhibit smouldering fires, but
to prevent ignition and to prevent flaming fires (because these are
Immediately life threatening).

PIN FRs can however inhibit smouldering fires:

Aoeée WYazfAR LKIaSQ OGAZ2YY 02V 0
GSEGAES FAONBA XP0 AyiG2 LINRGS

A by catalysing pyrolysis or crelisking of the fuel material. Photo: smouldering embers, JB Nielsen, Wiki commons

https://[commons.wikimedia.org/wiki/File:Embers 01.JPG

6Smoldering 2 Y0 dza A2y Eé€S D® wSAYS Ay {Ct9 |1 F+yRoz221 2F CANFB t NPOSOUA2Y 9YIAAYSSNAYyISE SRP® ad |
https://dx.doi.org/10.1007/9781-493925650 19 e
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https://commons.wikimedia.org/wiki/File:Embers_01.JPG
https://commons.wikimedia.org/wiki/File:Embers_01.JPG

Halogenated=lameRetardantsinterrupt the
ChemicaReactiongan the GasPhase

A Halogenated flame retardants are organochlorine or

organobrominechemicals Gas: Phease
A In fire, halogen radicals are released (Br* or CI*) FTe Z%rtr)gi:(
A In the flame zone (gas phase) these neutralise the energy rict l
radicals (H* and OH?), interrupting the chain reaction of v Oxygen Heat
combustion Heat Combustion products
A This results in incomplete combustion, leading to significant 5”20ke
smoke production
A Halogen acids are formed (HBr, HCI)
A Halogenated flame retardants are often used in combination A"
with antimony trioxide | Char Layer

Decomposition area ‘

Carbonization
Condensed Phase

See:https:/lwww.flameretardantsonline.com/flameretardants/brominechlorine pinfa. org |37
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https://www.flameretardants-online.com/flame-retardants/bromine-chlorine
https://www.flameretardants-online.com/flame-retardants/bromine-chlorine
https://www.flameretardants-online.com/flame-retardants/bromine-chlorine
https://www.flameretardants-online.com/flame-retardants/bromine-chlorine
https://www.flameretardants-online.com/flame-retardants/bromine-chlorine
https://www.flameretardants-online.com/flame-retardants/bromine-chlorine

HalogenatedFlameRetardantsEExamples

traditional products, partially phaseebut or restricted

— — Cl Cl Cl Cl

Br Br

CH, ad bl - Cl Cl

z | — Cl Cl
- I OH HHY WY R W

CH . Cl Cad H H g o Cl
Br 3 Br

TetrabromobisphenolA (TBBA)

Decabromodiphenylether
(Deca)

Chlorinated Dodecachloropentacyclooctadecadiene
Paraffins (Dechlorane)
Br Br Br B Br O
Br
O
Br
Br Br Br O

Hexabromocyclododecane
(HBCD)

TetrabromophthalicAcid
Anhydride
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HalogenatedFlameRetardantsEExamples
more recent products, substituting legacy BFRs

o—on)

L |

Br Br Br Br

- Br C—C Br

H H

Br Br Br Br Bry
Decabromodiphenyéthane Brominated StyreneButadiene Brominated Polystyrene

(DBDPE) polymer
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PhosphorusbasedFlameRetardantscanForm
a ProtectiveCharLayeror Workin the GasPhase

A
A

Elemental (red) phosphorus, inorganic and organic
phosphorus compounds are used.

Main mechanism is by formation of a char layer at the
material surface (solid phase), stopping the contact
petween fuel and air. Combined with intumescence, feam
lke char also provides a thermal protection effect.
Phosphorus flame retardants can also have some gas phas
effect (phosphorus radicals) which leads to incomplete
combustion.

Char formation results in generally less smoke, because
there is no forced incomplete combustion and because
release of volatile compounds is limited by the barrier
effect.

Phosphorus flame retardants generate considerably less
acidic gases than halogenated flame retardants.

Gas Phase
Thermal
Feedback
v Oxygen
Heat

‘Combustible gases

Decomposition area

Condensed Phase

|

Heat
Combustion products

Smoke
A

" | [ : Char Layer

A

Carbonization
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PhosphorusbasedFlameRetardantseExamples

A Specific interactions

with different o O T o T
polymersc no one size CH\J} * R~

po— o —

. f I - "
f|tS al ? P—0 @_ER}O__ /P-CHZCHZ—C\ /P_O M n*
. o F—H L8 n HO OCH,CH,OH R
A No simple correlation i L, EH =

of activity vs. P

content |
A Different mechanisms DOPO Polyphosphonate Phosphinic acidlerivatives

solid phase (surface

charring +
Intumescence) and/or -
gas phase

A Low fire emissions,
soot; no corrosive TN

: P e —
gases P’\ A P,P-, 2 CICH, ﬁ CH,CI @\
A o - PTLLP —I|°-0- )—o-P-o—( (o
No negative impact on W W CH,
_— § P& . ~P ONH4 3 0
UV stabilizers ' — 1L
| CH,

: R
CH.CI

A Many have excellent 2 @
environmental and

health profile

Newer developments

RedPhosphorus Ammoniumpolyphosphate Triarylphosphates

S (APP)
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Nitrogen-basedFlameRetardantsAct by
Reducing Heat, Releasing Quenching Gas,
or by Specific Reactions

A Melamine derivatives like melamine cyanurate (MC) and melamine
polyphosphate (MPP) are the most commoiéaked FRs

A Other Nbased PIN FRs include amiterived compounds (e.g. triazines),
urea or guanidine compounds, as well as PIN FRs which also
containphosphorus (P) FRs, such as ammonium polyphosphate or
melamine polyphosphate.

A N-based PIN FRs act by one or more of the following mechanisms:
0 Release of inert nitrogen ¢ so diluting fire gases
0 Endothermic decomposition, so acting as cooling agents
0 Promoting crossinking in polymers, so inhibiting burning 5
0 Rﬁlease of alkyhitroxyl, alkoxy omminylradicals, which inhibit burning in the gas
phase f

o Cause the polymer to melt away from the flame front,dsgmoting polymer
degradation, e.g. MC in polyamide

A N-based PIN FRs are also used as blowing agents in intumescent systems

A N-based FRs are often combined with phosphorus based FRs and can
Improve phosphorus retention and so char formation.

H
HEN\I/NYNHE OYN\fD
|
N\Iym d HN\H/NH

NH, 0

Melaminecyanurate

II II
HO" n+o Pﬁ\o “OH

Melamine polyphosphate

pinfa.org
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InorganicFlameRetardantsReleasé/Nater

A

Do To o To P>

Aluminumand magnesium hydroxides are the most
common

Quench: water Is released upon heating, leading to a
cooling of the combustion zone and dilution of fire gases

Cool: release of water Is an endothermic reaction

Solid phase action: minerals, suchaisminum can also
contribute to glassy char formation

Physical effect is less efficient: high loadings are necessary

Less smoke, because no forced incomplete combustion, no

acidic gases

Gas Phase
Thermal
Feedback
v Oxygen
Heat l

‘Combustible gases

Decomposition area

Condensed Phase

g r { Char Layer
| —el—

_

Carbonization

|

Heat
Combustion products

Smoke
A

Al(OH) +energyC ALO, +H,0
Mg(OH) +energyC MgO+H,0O

pinfa.org
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Notable PIN Flame Retardants Innovation:
Commercial Products 206P020

Aol FOLO-

H,C—CH,-P—O"| AP

- -3

w+DEPAL(Clariant) i )
olymers

N/ > < \r h
AR /o X VY /
H,CC O O H / \

3

***NH P-FR(Thor)

R R
1 1
: R
-

CH, )~J~ C,H,

N""N"'N

X
O O

* Polymeric FR FlamestabNOR 116

(BASF)

** Reactive FR R=

*** Additive FR

*Polyphosphonate (FRX

***lonic Liquids(Inovia)

[RPOGOLM .,

(Italmatch)

***Arylphosphonate
(Teljin)

O=1v=0

G Gt

***Metal hypohosphites ~*DOPO & DOPHQ(Schill&

Seilacher)

(o’v/\/"‘o/\‘

***EDA DOPO
(Metadynea)

*Melamine polyphosphate
(BASF / Budenheim / CIBA)
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Smokeand fire gas toxicity

A All fires generate toxic smoke, the inhalation of smoke is the main cause of death for fire fatalities (> 7@%)
A The total toxicity of gases emitted in fires is principally related to the quantities of materials burned :
A Dense smoke can make orientation impossible, and so prevent escape
A Acutely toxic components prevent escape, can cause injury and death
A narcotic: CO, HCNleadly within minutes; but also GGD,-deficiency
A irritants for eyes and breathing: HCI, . S8Q, aldehydes
A Compounds with long term effects pose significant concerns for firefighters* and other professionals
repeatedly exposed to smoke or soot:
A polycyclic aromatic hydrocarbons (PAHS)
A halogenated dioxins + furans (PCDD/F) _
A mostly adsorbed to soot, so inhaled in smoke particlesesobedby skin contact Fireand smoke demonstratioat firefightertrainingcentre
o tLxhX . NHzaaSfaz medtilgg0d9d. ! ROA a2
A A study for the European Commission (2018) concluded that: {ONBSyakKz2d FTNRBY QOARS2 acfl YS 1
: - : _ L 5 Television sets with (Philips) and without (Thomson) flame
A Toxic gases in fires are linked to furnishings and fittings | retardanisc 0 dzNy’ G S&G o0& . SNIAY TFAND
A Synthetic materials generate more smoke than natural materials https://www.pinfa.eu/mediaevents/photovideo/
A atdzof AaKSR REGE 2@SNBKSEYAy3Ifte aK2g GKEG Tt VYOcclydhdhd eXgosure/tdifites aRiZmoless tecodiizeyf dé Al
FOdziS 2NJ OKNRYAO FTANB (G2EAOAGE Ay NBFf TFTANBAa&OLYOSNI NRal ¥2NJ FANBTAIKUSNREO®
SELJZ2adzNb a | FANBFTFAIKIGESNEZ AH
Yates, BREEcorys VITO for the European Commission DG GROW, published 2018 https://doi.orq/10.1016/S1472045(22)0039

http://ec.europa.eu/growth/sectors/construction/suppotbols-studies en
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Fire Tests with Furnished Rooms conclude that
fire safety treated Upholstered Furniture
does not increase Smoke Toxicity

In 9 full scale fire tests, rooms were furnished with a couch, an armchair;@zaftal TV,
coffee table, bookshelf and books. Furniture was purchased in the UK, France or USA:
only the UK furniture would contain FRs.

Blais2020 concluded that the UK Furniture Fire Safety Reqgulations were effective in that
time before black smoke was five times longer in the UK room, total smoke produced was
half, peak heat release rate was lower, and smoke toxicity was lower (PAHs, hydrogen
cyanide and carbon monoxide).

Osimitz2022 useqoxTrackeand analyses individual VOCs and SVOCs (volatile and seml
volatile organic carbons). Conclusions are dependent onlogsase fire conditions in
iIndividual rooms but with the FRirniture room generally producing fewer and lower

levels of SVOCs, in particular for carcinogenic SVOCs.

Osimitzet al. J Toxicology & Env Health, part A, vol. 85,
n°19, 783797, 2022
https://doi.org/10.1080/15287394.2022.2087812

Study supported by NAFRA (North America Flame Retardant
Alliance).

Blais et al.. Fire Technology, pp2@, 2019
https://doi.org/10.1007/s10694019-008888

Photo © EFRA, Ralf Baumgarten

See: Fig.3 fromsimitzet al. 2022

Induction of Aryl Hydrocarbon HydroxylagdhR as an Indicator of
Possible Carcinogenicity and Chronic Toxicity by dark and light
smoke.

The three right hand columns correspond to room fire tests with
flame retardant upholstered furniture(from the UK). The six left
hand columns had nekR furniture (from France, USA).
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Do PIN Flame Retardants Make Smoke More Toxic?

In 2019, the French institute CREPIM completed a study testing 94 polymer Effect compared to neat polymer
samples from 12 companies, with and without flame retardants.
Much worse

Results showed no significant negative impact on smoke parameters from Slightly worse

phosphorus, inorganic or nitrogebased flame retardants, with several

. . Neutral
PIN flame retardants showingositive impact on smokgarameters when Neutral to Better
used judiciously. Better

Halogen /
Smoke parameters tested: CREPIM evaluated the smoke toxicity {2y 1=lg Toxicity Concern allidiflan Smol.<e Br-FR Effect

and the smoke density according to two wedkcognized Toxicity Density Toxicity density
protocols: the norm NF X 7000 at 60@C (tubular furnace) and

Smoke

the ISO 5652 with Annexe C of EN 45525method (smoke Polyolefins (PE, PP) CO, CO,

chamber) at 50 kW/m2. Evaluated parameters were the Polystyrene (PS) cO

Conventional Index of Toxicity for ndisted products and toxicity

index at 4 or 8 minutes (CITNLP, CIT4 min, CIT8 min as per EN Polycarbonates (PC) CO, CO, :
455452) as well as smoke density values at various time intervalspolyesters (PBT) CO, HCN, NO, Not evaluated  Not evaluated
(DsMAXDs10, Ds4, Ds1.5 and calculated VOF4 values). Study ' |
funded by pinfa. Summary of results in pinfa Newslettet®9 at Epoxy resins CO, HCN

www.pinfa.eur YR AY G¢KS AYLI O 27F K 'Pély%rﬁ'i§e¥(PAT6'\i>§6%) LIK 28 W@ Ngizé z
’ ’ ’ h'e :

inorganic and nitrogen flame retardants on the toxicity and
RSyaride 2F avz21$S 7T NE YeushrerFO2 Y Y PolyunethanesYPOR.RIB)s  |CH, HCN, NO,

Poutch A. Beard, Fire and Materials. 20281, Polvvinvichlori Jo-PVC) HCI 1 1 " .
https://doi.org/10.1002/fam.3145 olyvinylchloride (u-/p ) ; (1) (1) (1) (1)

(1) Minor impact of flame retardants on toxicity and smdke. In all cases huge contribution from HCI far exceeding threshold values
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PIN Smoke Suppressants can
Significantly Reduce Smoke
and act as Flame Retardant Synergists

Mode of action:

A Catalysis of crodinking of carbon compounds in fire, so stabilising char
and preventing the release of smoke and of soot particles

In gas phase, vaporised metal compounds react with hydrogen radicals

A

A Release of water from hydroxides at high temperatures or release of
ammonia which acts in the gas phase

A

In halogenated polymers (e.g. PVC), volatilisation of metal halides, which

act as flame retardant catalysts in the gas phase ~ Ignitionof asofaby acigarette.
: PhotoEFRA R.Baumgarten

Examples:

A Molybdenum minerals, e.g. ammoniuoctamolybdate
A Zinc minerals, e.g. zinc oxide, zinc phosphate,stamtnates zinc borate
A Calcium, copper, iron, nickel, silicon, tin minerals
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FireStandardsand FireTests

Standards are defined by regulation or by industry voluntary agreement

Standards specify that in certain applications, materials must respect
certain requirements, which can include fire performance

A Standards will usually specify which fire test must be used, and under What
conditions, to verify conformity to the required fire performance. In some
cases; standards may authorise use of other tests to show equivalent
performance

o I

The objective Is to ensure protection of people and property against risks of
fire and smoke. -

Conecalorimeter fire test. Photo: courtesyf Fire Testing
TechnologylUK
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FireTestsand FlameRetardants

Flame retardants are generally used as required to ensure that a material
passes Fire Test(s) specified in a Standard or by a customer. |
Thus, the Ioadlng of flame retardant used is defined to ensure to rellably pass
UKS TANB GSadtgo6auvo l f 0K2dzZAK GKA& Yl
fire safety:

v Sandards define what fire and smoke
performances are required for materials

UL94 vertical fire test.Simulategesistance against ignition
by asmallflame.
Photos© ClariantR.Baumgarten

Hame retardants are used to ensure that

</  Fre tests are designed to test these performances
performance Is achieved
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Fire Tests Evaluate the Behaviour of Speumens
UnderDefined Conditions (1)

Testing material properties: |
The heat of combustion (as measured by oxygen bomb calorimetry) is a flre
parameter which is a real material property. Generally, fire tests involve |
specific scenarios.

Testing a scenario:

most fire tests assess material fire behaviour under specific conditions,

designed to simulate aspects which are significant for fire risk and fire ~ Photo ©Budenheim Glowwire fire test. Usedwidely for
electricaland electronic equipmentSimulategesistanceo

Impacts: e.g. thickness and horizontal or vertical orientation of specimen, S|ze ignition or fire spread from docalised high temperature heat
source, comparabl& electricalfaults.
and kind of ignition/energy source. '

Different scales: 5
Small scale fire tests cannot directly be extrapolated to predict behaviour in
full scale fires. Fire and smoke tests are designed to compare materials, not to
estimate impacts of fulscale fires. '

Further explanations heréttps://www.ifsecglobal.com/uncategorized/fireesistanceand-reactionto-fire/ pinfa.org | 52
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Fire Tests Evaluate the Behaviour of Specimens:
UnderDefined Conditions (2)

Reaction to Fire:
Reaction to Fire means resistance to ignition (prevent fires starting) or

orevention of fire spread, including contribution to the development and
Impacts of a fire (e.g. heat release, melting dripping, smoke release),
especially during the early phases of a fire (relevant for escape and

extinguishing).

Fire Resistance:
The term designates the ability of products and construction elements to

prevent the spread of fire (e.g. fire wall) or withstand the impact of fire (e.g.
steel beam) for a specified time under defined fire conditions (e.g. |
temperature development curves defined in standards).

Large scale test oven for Fire Resistance of walls.
Photo © Clariant, RBaumgarten

Further explanations heréttps://www.ifsecglobal.com/uncategorized/fireesistanceand-reactionto-fire/ pinfa.org | 53
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TheLimiting Oxygenindex(LOl)is Widely-used
to Indicate RelativeFlammability

A N\
A=

HIGHLO = |
= LOWFLAMMABILITY — Burning sl

The test measures the minimum level of oxygen (mixed with inert nitrogen) L
which can sustain a flame in the material.
N,/O,—>»

This is not directly comparable to real fire conditions, but provides an
Indication of relative flammabillity, useful for material development, quality
control, etc.

| Photo courtesy of Fire Testing Technology,
Further explanations: LOI values for different neat polynidtigs://omnexus.specialchem.com/polymer ] UKhttps://www.fire -testing.com/oxygenrindex/

properties/properties/fireresistancdoi
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UnderwritersLaboratoriesUL94 Vertical Test

Usually conducted ona

ca. 13%( 1,5 cm specimen, | V-5AV-5B VO V1
with defined thickness, _
typically from 0,4 to 3, 2 0 I;
mm. 5 specimens per test

Results depend on Individualafterflame
specimen thickness: time XK s)XK 8 )X 8 >30s

A The same UV rating | Totalafterflame
for a thinner specimen time: sumof t,

Indicates higher fire K K Hs)K Hs> 250s
performance and t_2 for the 5 P
ALYRAOI Gxyd specimens
Wl%(\out spemfymgxfhe (fgtanfn\\ Ignition ofcotton No No Yes Yes
thickness is not Example®f Automotive Electrical Office
meaningiul 5 applications Circuitboards  (E&E) automation
Other classifications apply
to low density foams
(HF1, HF2, HBF) or thin
fiIms(VTI\AO,VTI\Al, a2NB AYF2NYIGA2YY al [ dn {GFYyRENR F2N ¢Saaa F2NI CtHYYLoAtAGe 2F tf

VT|\/|.2)_ I LILJE A HttpS:(standardscatalog.ul.com/standards/en/standard 94

Harmonised with IEC 60707 / 6062%10 / 6069511-20 / ISO 9772
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Glow Wire Ignition
Testis Commonfor Household Appliances

DIN EN 60692-11 and-12

Temperature of wire will be heated to a pdetermined temperature, wire
will be pressed against a sample (set force of 1N) for 30 seconds.

TEST CRITERIA:

Is sample ignited (duration, flame height, drips, tissue paper below
ignited)?
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TheConeCalorimeter

The Cone Calorimeter is widely used to assess fire behaviour of small samples
of materials (approx. 100 x 100 mm).

A conical heater enables controlled heat levels to be delivered to the samplé,
and when using an additional enclosure of the sample space, ventilation
conditions can be controlled.

The apparatus provides comparable data on ignition time, mass loss,
heat release rate and combustion emissions, including smoke densﬂy
and soot production.

Conecalorimeter fire test. Photo courtesyf Fire Testing
TechnologylUKhttps://www.fire -testing.com/

pinfa.org |57


https://www.fire-testing.com/
https://www.fire-testing.com/
https://www.fire-testing.com/

ISO5658-2 Evaluated-lameSpreadLaterally

ISO 565& evaluates flame spread laterally along a vertically mounted
material sample, next to a gas burner of5200 kW/n7.

It Is used to classify materials under the European railway fire safety standard
EN 45548, |

The aim Is to ensure that the material, when used in vertical interior panels
does not spread fire along a rail carriage or similar. |

ISO 5658 lateralflame spread fire test. Photo @iSe
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SingleBurningltem Test,EN13823

Applications:
A Construction/building

Specimen:
A 2 specimens: 1,500 x 1,000 mm
A 1,500 x 500 mm

Test:
A Gas burner 30 KW, mimicking a burning waste paper basket
A 20 min flaming

Classification criteria:
A Rate of heat release
A Smoke density

A Dripping

Performance classes:
A Euroclasses B, C, D

S

Pri

Redrawn according to EN 13823

Measuring tube

-F/
econdary burne —

mary burner —7

Test room

Fume hood

Specimen trolley
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ASTMES84- SteinerTunnel Buildingc ASTM E84

6 Bteiner Tunnel Test Y I Ay f & dza SF

Test chamber
7.62 m

ASTM E84 is the most used fire test standard in the USA to characterize Remaovable cover plate

flammabllity of plastics. éFire en &== Vent end

[~—} Viewing windows

A specimen (7.3 m x 0.56 m), either in one unbroken length or in separate — Removable cover plate

sections joined end to end, iIs mounted face downwards so as to form the roOf
of a horizontal tunnel. -

Viewing Specimen
g windows
The fire source, two gas burners, ignites the sample from below with a 89 kW
Intensity and the combustion products are carried away by a controlled Ilnear
air velocity of 73 m/min. Flame spread index (FSI) and a sumkeloped
iIndex (SDI) are measured. Table8: ASTM E84 Classificatiofi the

Interior finishes

FIRESOURCE
2 GASBURNERS Smokelndex
|— g8oKwW /73 M/MIN — FSI&SDI : ‘2’?5 gjzg
INTENSITH LINEARMRVELOCITY AREMEASURED
SAMPL CARRIES AWAY - C 76-200 0-450

COMBUSTIONPRODUCTS pinfa.org
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Hre safety testing of batteries

A The updated EU Battery Regulation (2023) specifies under Safety |
t N} YS 3OS NHL0.Bire s63t. $He risk of ex@losion shall be assessed
by exposing the battery to fifdee |

Al KAYF Q& YFYyRFG2NE &l F8048 aarerNﬁa

31467) covers thermal runaway, water ingress, impacts and external fire
resistance.

A Fire tests for batteries include:

x UL 2580 comprehensive evaluation of EV batteries
UL 746C for batteries for portable and fixed equipment
UL 2596 battery enclosure material screening |
UL 9540A Thermal Runaway Fire Propagation in Battery Energy Storage Systems
NFPA 855 Stationary Energy Storage Systems |
proposed NFPA 800 Battery Safety Code
UNECE Regulation 100 revision3 Annex 9E
IEC 62133: Safety Testing for Lithilon Batteries
etc

X X X X X X X X

EU BatterieRRegulation2023/1542https://environment.ec.europa.eu/topics/wastand
recycling/batteries en

China 202Electricvehiclesafetystandardshttps://www.electrive.com/2020/05/14/chinaannounces
new-ev-safetystandards/
NFPAhttps://www.nfpa.org/ForProfessionals/Codesnd-Standards/Standard®evelopment/New
projectsand-draft-documents/NewStandardsDevelopmemnon-Battery-Safety
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Photo Shutterstock 1577310307
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