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Disclaimer

This presentation is put together to the best of our 
ƪƴƻǿƭŜŘƎŜΦ IƻǿŜǾŜǊΣ Ǉƛƴấŀ cannot guarantee any 
chemical,  physical or technical properties nor the 
suitability of any product for certain applications.

It is ǇǊƻǾƛŘŜŘ ōȅ Ǉƛƴấŀ to the public for any interested 
party to use, in particular for educational purposes for 
those interested in the chemistry, testing, applications 
and environmental aspects of flame retardants.

We focus on non-halogenated (PIN) flame retardant 
technologies. However, in some cases we reference 
halogenated flame retardants, because they are still 
widely used.

Credits & copyright

This presentation is provided for free use, for non-
commercial purposes. In all uses, please credit:  
www.pinfa.eu.

If you wish to use for commercial purposes, please 
contact: pinfa@cefic.be.

Where credits are indicated for photos or diagrams these 
must be included in any use or reproduction.  

Photos indicated ά{ƘǳǘǘŜǊǎǘƻŎƪέ ŀǊŜ not free for public 
use.

Background photo cover slide (n°1): Shutterstock
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Ǉƛƴấŀ is the Phosphorus, Inorganic and Nitrogen Flame Retardants Association.

Ǉƛƴấŀ brings together manufacturers and users of non-halogenated 
phosphorus, inorganic and nitrogen flame retardants (PIN FRs).

Ǉƛƴấŀ is a Sector Group within Cefic, the European Chemical Industry Council.

Ǉƛƴấŀ adheres to Responsible Care® - ǘƘŜ Ǝƭƻōŀƭ ŎƘŜƳƛǎǘǊȅ ƛƴŘǳǎǘǊȅΩǎ 
commitment towards safe chemicals management and performance 
excellence.

Ǉƛƴấŀ sister organisations:
Ǉƛƴấŀ North America - www.pinfa-na.org 
Ǉƛƴấŀ China ς www.pinfachina.net 

Ǉƛƴấŀ contact:
pinfa@cefic.be

ǇƛƴấŀΩǎ Ƴƛǎǎƛƻƴ
άaŜƳōŜǊǎ ƻŦ Ǉƛƴấŀ ǎƘŀǊŜ ǘƘŜ ŎƻƳƳƻƴ 
vision of continuously improving the 
environmental and health profile of their 
flame retardant products.
This vision is coupled with a commitment 
to maintain high fire safety standards 
across the world, standards which 
minimize the risk of fire to the general 
ǇǳōƭƛŎΦέ

ǇƛƴấŀΩǎ Ƴƛǎǎƛƻƴ ǘŀǊƎŜǘǎΥ
ÅFire safety
ÅEnvironment and human health 

impacts of fire and smoke, and of PIN 
flame retardants

ÅCommitment to collaboration with 
stakeholders, regulators, science and 
industry

ǇƛƴấŀΩǎ ƳƛǎǎƛƻƴΥ
https://www.pinfa.eu/about-pinfa/mission
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Some books on fire safety and flame retardants:
Å Non-halogenated Flame Retardant Handbook, A. Morgan, 

C. Wilkie, 2nd edition, 2021
Å Fire Retardancy of Polymeric Materials, ed. C. Wilkie, A. 

Morgan, 3rd edition 2024
Å Flame Retardants for Plastics & Textiles, E. Weil, 

S. Levchik, 2016 
Å Towards Bio-based Flame Retardant Polymers, R. 

Sonnier, A. Targuet, L. Ferry, J-M. Lopez-Cuesta, 2018
Å Polymer Green Flame Retardants, C. Papaspyrides & 

P. Kiliaris, 2014
Å Green Fire Retardants for Polymeric Materials, ed. P. Song 

et al. 2024
Å Fire Retardancy of Polymers: New Strategies and 

Mechanisms, T. Hull & B. Kandola, 2008
Å Plastics Flammability Handbook 3 edition, J. Troitzch, 

2004
Å An Introduction to Fire Dynamics, 2nd edition, 

D. Drysdale, 2011
Å Testing of Materials for Fire Protection Needs. European 

Standard Test Methods for the Building Sector, L. 
Osvaldová, W. Fatriasari, 2023

Å Handbook of Fire and the Environment. Impacts and 
Mitigation, ed. B. Meacham, M. McNamee 2023

Å !ƴŀƭȅǎƛǎ ƻŦ CƭŀƳŜ wŜǘŀǊŘŀƴŎȅ Lƴ tƻƭȅƳŜǊ {ŎƛŜƴŎŜέΣ IΦ 
Vahabi et al. 2022

Sources and references

Ǉƛƴấŀ website
www.pinfa.eu

Ǉƛƴấŀ Newsletter
Email news on fire safety, regulatory developments, flame 
retardant industry news and product innovation, 
environmental and health, etc.
Å Past issues online and subscribe (free) here: 

www.pinfa.eu

Videos
Ǉƛƴấŀ YouTube channel:  
https://www.youtube.com/channel/UChb0kX3QSJdcYs1Qjjz
0HAw
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https://www.wiley.com/en-ie/Non+halogenated+Flame+Retardant+Handbook,+2nd+Edition-p-9781119750567
https://www.routledge.com/Fire-Retardancy-of-Polymeric-Materials/Wilkie-Morgan/p/book/9781032457543
https://www.hanser-elibrary.com/doi/book/10.3139/9781569905791
https://www.springer.com/us/book/9783319670829
https://www.elsevier.com/books/polymer-green-flame-retardants/papaspyrides/978-0-444-53808-6
https://books.rsc.org/books/edited-volume/2146/Green-Fire-Retardants-for-Polymeric-Materials
https://pubs.rsc.org/en/content/ebook/978-0-85404-149-7
https://www.hanserpublications.com/Products/182-plastics-flammability-handbook-3e.aspx
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119975465
https://doi.org/10.1007/978-3-031-39711-0
https://doi.org/10.1007/978-3-030-94356-1
https://www.elsevier.com/books/analysis-of-flame-retardancy-in-polymer-science/vahabi/978-0-12-824045-8
http://www.pinfa.eu/
http://www.pinfa.eu/
https://www.youtube.com/channel/UChb0kX3QSJdcYs1Qjjz0HAw
https://www.youtube.com/channel/UChb0kX3QSJdcYs1Qjjz0HAw
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Worldwide Fire Statistics

Fire statistics available globally are limited. An overview is provided by CTIF 
(International Association of Fire and Rescue Services), covering 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):
ÅWorld average (2017-2021, for 38 reporting countries)

In 2017, the Geneva Association (bringing together nearly 100 insurance 
companies worldwide) estimated that: 
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7
FIRE DEATHS

37
FIRE INJURIES

800
FIRES

FIRE COST AROUND

1% OF GDP WORLDWIDE

CTIF report 2018 n° 28 (statistics for 2017-2021) 
ς Center of Fire Statistics, World Fire Statistics
https://www.ctif.org/world-fire-statistics
Geneva Association, Bulletin World Fire Statistics n°29, 2014 
https://www.genevaassociation.org/sites/default/files/resear
ch-topics-document-type/pdf_public//ga2014-wfs29.pdf

https://www.ctif.org/world-fire-statistics
https://www.ctif.org/world-fire-statistics
https://www.ctif.org/world-fire-statistics
https://www.ctif.org/world-fire-statistics
https://www.ctif.org/world-fire-statistics
https://www.ctif.org/world-fire-statistics
https://www.genevaassociation.org/sites/default/files/research-topics-document-type/pdf_public/ga2014-wfs29.pdf
https://www.genevaassociation.org/sites/default/files/research-topics-document-type/pdf_public/ga2014-wfs29.pdf
https://www.genevaassociation.org/sites/default/files/research-topics-document-type/pdf_public/ga2014-wfs29.pdf
https://www.genevaassociation.org/sites/default/files/research-topics-document-type/pdf_public/ga2014-wfs29.pdf
https://www.genevaassociation.org/sites/default/files/research-topics-document-type/pdf_public/ga2014-wfs29.pdf
https://www.genevaassociation.org/sites/default/files/research-topics-document-type/pdf_public/ga2014-wfs29.pdf
https://www.genevaassociation.org/sites/default/files/research-topics-document-type/pdf_public/ga2014-wfs29.pdf
https://www.genevaassociation.org/sites/default/files/research-topics-document-type/pdf_public/ga2014-wfs29.pdf
https://www.genevaassociation.org/sites/default/files/research-topics-document-type/pdf_public/ga2014-wfs29.pdf
https://www.genevaassociation.org/sites/default/files/research-topics-document-type/pdf_public/ga2014-wfs29.pdf


USA Fire Statistics

CƛǊŜ ŘŜŀǘƘǎ ƛƴ ǘƘŜ ¦{! ƘŀǾŜ ŦŀƭƭŜƴ ŎƻƴǎƛŘŜǊŀōƭȅ ǎƛƴŎŜ ǘƘŜ мфтлΩǎ 
(12,000 fire deaths in 1974) but have been slowly rising since 2012.

For 2022, US Fire Administration data:

For 2022, NFPA (National Fire Protection Association) data:
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4,400
FIRE DEATHS / YEAR

+22%
FIRE DEATH RATE IN TEN YEARS

US Fire Administration https://www.usfa.fema.gov/statistics/ 
Graph here https://www.usfa.fema.gov/statistics/deaths-injuries/ 
Fire death rate = per million population, per year
Us National Fire Protection Association (NFPA)
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States 

3,800
CIVILIAN 
FIRE DEATHS

13,200
CIVILIAN 
FIRE INJURIES

US$ 18 
BILLION
PROPERTY 
LOSSES

1,5 
MILLION
REPORTED FIRES

https://www.usfa.fema.gov/statistics/
https://www.usfa.fema.gov/statistics/deaths-injuries/
https://www.usfa.fema.gov/statistics/deaths-injuries/
https://www.usfa.fema.gov/statistics/deaths-injuries/
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States


European Fire Statistics

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

Estimates suggest that fire kills over 5,000 persons/year in Europe and injures 
ten times more.

In many countries in Europe, fire fatalities have fallen significantly since the 
1980's. This is probably a combined result of:
ÅFire safety regulations
ÅElectrical and other product regulations
ÅChanges in behaviour, in particular reduced smoking

However, as in the USA (previous slide), the numbers of fires and of fire 
deaths seem to be increasing over the last few years.
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Dwelling fires and fire-related fatalities, shown against 

regulations aimed to increase fire safety,

άCƻŎǳǎ on trends in fires and fire-ǊŜƭŀǘŜŘ ŦŀǘŀƭƛǘƛŜǎέΣ UK Home 

Office, 12 October 2017 

https://assets.publishing.service.gov.uk/government/upload

s/system/uploads/attachment_data/file/650869/focus-

trends-fires-fatalities-oct17.pdf.

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


China Fire statistics

Fire incidents, fatalities and economic damage 
have been falling between 2013 to2020. 
However, all have increased sharply between 
2020 and 2022.

Statistics provided by National Bureau of 
Statistics of China.

Major fire accidents in the past 5 years,

Å illegally using fire: 6 cases, 149 deaths,

Å electrical faults fire: 3 cases, 51 deaths, 

Å illegal operations: 2 cases, 44 deaths,

Å electric scooter fire: 1 case, 15 deaths, 

Å careless use of fire: 1 case, 18 deaths
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2.
Role of Flame 
Retardants in Fire safety
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Day-to-day Materials and Fire

tƭŀǎǘƛŎǎ ƘŀǾŜ ŀ ƘƛƎƘ ΩŎŀƭƻǊƛŦƛŎ ǾŀƭǳŜΩ όŜƴŜǊƎȅ ŎƻƳǇŀǊŀōƭŜ ǘƻ ŎƻƴǾŜƴǘƛƻƴŀƭ ŦǳŜƭǎύΦ

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

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.
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Wood 14 MJ/kg

Cotton 16 MJ/kg

© Clariant, EFRA

Crude oil 43 MJ/kg

Coal 23-26 MJ/kg

Plastics & polymers 19-31 MJ/kg

Haight, 2012 "Energy and economic values of non-recycled plastics (NRP) currently landfilled in Canada 
http://biblioteca.anipac.mx/wp-content/uploads/2017/10/file_Haight_Energy_Value_of_NRP_Study_Final.pdf  page 17 
and Shen 2008, Life Cycle Assessment of Polysaccharide Materials: A Review, table 5, page 158 https://archive-
ouverte.unige.ch/unige:42935/ATTACHMENT01 

http://biblioteca.anipac.mx/wp-content/uploads/2017/10/file_Haight_Energy_Value_of_NRP_Study_Final.pdf
http://biblioteca.anipac.mx/wp-content/uploads/2017/10/file_Haight_Energy_Value_of_NRP_Study_Final.pdf
http://biblioteca.anipac.mx/wp-content/uploads/2017/10/file_Haight_Energy_Value_of_NRP_Study_Final.pdf
https://archive-ouverte.unige.ch/unige:42935/ATTACHMENT01
https://archive-ouverte.unige.ch/unige:42935/ATTACHMENT01
https://archive-ouverte.unige.ch/unige:42935/ATTACHMENT01


Escape Time in a Modern Domestic Furnished 
Room Ranges from 1 ½ to 10 Minutes

These are conclusions of an assessment of > 400 fire tests,
including 44 full-scale furnished room tests (1). 

Different non-flame retarded upholstered furniture led to heat release rates 
of 600ς1,000 kW after five minutes (2).

Furnished room tests, with non-FR furniture, reached 200ϲC with significant 
smoke at open doorway after 4-8 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 1/5th since 1975.
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THIS IS THE TIME BEFORE TEMPERATURE REACHES 600ς1,000 °C.

όмύ ά5ŜǊ .ǊŀƴŘ ƛƴ Räumen Auswertung von Originalbrandversuchen im Vergleich mit analytischen Rechenverfahren- ¢ŜƛƭмέΣ ƛƴ 
DŜǊƳŀƴ όwƻƻƳ ŦƛǊŜǎΥ ŎƻƴŎƭǳǎƛƻƴǎ ŦǊƻƳ ǊŜŀƭ ǎƛǘǳŀǘƛƻƴ ǘŜǎǘƛƴƎ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ŀƴŀƭȅǘƛŎŀƭ ƳƻŘŜƭƭƛƴƎύΣ ƛƴ άvfdb-Zeitschrift für 
Forschung, Technik und Management im BrandschutzέΣ с-2, 2012 https://www.baufachinformation.de/Der-Brand-in-
R%E4umen-und-seine-Wirkungen/z/2012069003173 
όнύ άaƻŘŜƭƭƛƴƎ ƻŦ ƘŜŀǘ ǊŜƭŜŀǎŜ ǊŀǘŜ ƛƴ ǳǇƘƻƭǎǘŜǊŜŘ ŦǳǊƴƛǘǳǊŜ ŦƛǊŜέΣ DΦ ²Φ ½ƻǳ Ŝǘ ŀƭΦΣ CƛǊŜ ŀƴŘ aŀǘŜǊƛŀƭǎΦ нлмуΤпнΥотпς385. 
http://dx.doi.org/10.1002/fam.2502 
όоύ ύ ά!ƴ ƻǾŜǊǾƛŜǿ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ŦǳǊƴƛǘǳǊŜ ŦƛǊŜ ǎŀŦŜǘȅ ǊŜƎǳƭŀǘƛƻƴǎ ƛƴ 9ǳǊƻǇŜέΣ 9Φ DǳƛƭƭŀǳƳŜ Ŝǘ ŀƭΦΣ CƛǊŜ ŀƴŘ 
Materials, 2020, 1-16, https://doi.org/10.1002/fam.2826  Work funded by BSEF and ACFSE
όпύ .ǳƪƻǿǎƪƛΣ wΦ²Φ Ŝǘ ŀƭΦΦΣ нллтΣ άtŜǊŦƻǊƳŀƴŎŜ ƻŦ IƻƳŜ {ƳƻƪŜ !ƭŀǊƳǎΣ !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ wŜǎǇƻƴǎŜ ƻŦ {ŜǾŜǊŀƭ !ǾŀƛƭŀōƭŜ 
¢ŜŎƘƴƻƭƻƎƛŜǎ ƛƴ wŜǎƛŘŜƴǘƛŀƭ CƛǊŜ {ŜǘǘƛƴƎǎέ bL{¢ ¢ŜŎƘƴƛŎŀƭ bƻǘŜ мпрр όофс ǇŀƎŜǎύ 
https://www.nist.gov/publications/performance-home-smoke-alarms-analysis-response-several-available-technologies
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The Fire Curve for a Room Fire

The three phases of fire and the protecting features of flame 
retardants  are:
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Ignition source
ÅPrevent ignition
ÅPossibly self-extinguish

Flame spread
ÅSlow down flame spread
ÅReduce heat release
ÅDelay flash-over

Fire penetration
ÅPrevent the collapse of structures, e.g. steel columns 

protected by intumescent coatings
ÅPrevent fire moving to adjacent room or building 
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Risks

Ignition sources 
Flammability Ignitability

Flame spread

Heat release
Fire penetration

Smoke: irritation, toxicity 



Flame Retardants Increase the Escape Time by 
Preventing or Slowing Down 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.
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How Flame Retardants can increase 
escape time in fires

(1) Start of fire  (2) Flashover  (3) Fully developed fire

With Flame Retardants

Time(1) (2) (3)

Without Flame Retardants

Time(1) (2) (3)

ESCAPE TIME
15 MIN

ESCAPE TIME5 MIN



House fires can be unsurvivable before fire 
services arrive

New Zealand Fire Services full-scale house fire test
Fire started by short-circuiting 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 ς 15 minutes) : 
https://www.facebook.com/sevensharp/videos/844161003587032/ 

Response times of fire services in urban areas are around 8 ς 10 
minutes (USA, UK, New Zealand *)

*= https://mpa.unc.edu/sites/default/files/JohnYeomans.pdf  -
https://internationalfireandsafetyjournal.com/average-fire-response-times-in-
england-rise-by-15-seconds/ 
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The fire which didn't happen - testimonials

"When we upgraded, we found the circuit-breakers charred 
through (photo right). Flame retardants probably prevented a fire 
starting and spreading to the whole electrical box, surrounding 
items and beyond."

"One morning I entered the house and noticed a hazy, white 
smoke, with a slight odour of something burning. A power strip 
located behind a bookshelf was smouldering.It appears that a 
pet had urinated on it. In the picture you will see the black residue 
left on the power strip."

"A candle was burning on a stereo. Fromthe other end of the 
appartement you could smell burning plastic. The candle had 
melted down into the stereo casing and was smoking, with smoke 
damage to a lamp shade and drywall. LǘΩǎ ŀ ƳƛǊŀŎƭŜ ǘƘŀǘ ƪŜǇǘ ǘƘŜ 
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."
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Photo: pinfa

International standards require materials used in electrical and 
electronic equipment to resist ignition from a local heat source (wire 
@ 650-800°/ Υ άƎƭƻǿ ǿƛǊŜέ ǘŜǎǘ ύΦ



Case History
Fires Start from Small Ignition 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 
ǘƘŜ ŎƛǘȅΩǎ ǇƻǇǳƭŀǘƛƻƴύ ŀǎ ǿŜƭƭ ŀǎ ƴŜŀǊƭȅ фл ŎƘǳǊŎƘŜǎΦ ! ƳŜƭǘŜŘ ǇƛŜŎŜ ƻŦ ǇƻǘǘŜǊȅ  
found by archaeologists shows that the fire reached 1,250 °C in Pudding Lane.

The fire was finally stopped, and prevented from reaching the Royal Court at 
Whitehall, because the wind dropped, and the Tower of London Garrison  
used gunpowder to blow up swathes of houses and create effective 
firebreaks.
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85%
HOMES DESTROYED  
IN THE CITY

90
CHURCHES  
DESTROYED

THE TEMPAREATURE  
REACHED

1,250 °C

Photo: British Museum collection. Unknown artist. Wiki 
commons:https://commons.wikimedia.org/wiki/File:The_Great_Fire_of_
London,_with_Ludgate_and_Old_St._Paul%27s.JPG

Other historic fires include:

Å Helsinki, 1808

Å Great fire of Turku, 1827

Å Church of the Company, Santiago, Chile, 1863, over 
2,000 killed

Å Hamburg Great Fire, 1842

Å Great fires in Chicago, Michigan and Peshtigo, 1871

Å Great Vancouver fire, 1886

Å Great Fire of Toronto, 1904

https://commons.wikimedia.org/wiki/File:The_Great_Fire_of_London,_with_Ludgate_and_Old_St._Paul%27s.JPG
https://commons.wikimedia.org/wiki/File:The_Great_Fire_of_London,_with_Ludgate_and_Old_St._Paul%27s.JPG
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Case History: Grenfell Tower, London, 14-June-2017

72 dead. 70+ injured. 127 families lost their homes. Fire burned for 60 hours.
See photos showing the development of the fire herePh: https://www.bbc.com/news/uk-40301289 

The official Inquiry concluded that the fire:
Å started in a Hotpoint (Whirlpool) FF175B fridge-freezer,
Å spread rapidly over the building through non fire-safe polyethylene, phenol, polyisocyanurate cladding, installed in 

thermal renovation of the building in 2015-2016,
Å was accelerated by deformation of uPVC window frames and PC-ABC window ventilators which allowed fire to re-enter 

other flats,
Å other failures in fire safety contributed to the catastrophic consequences of the fire, including issues with sprinklers, gas 

supply, fire stops, emergency exits.

¢ƘŜ ƻŦŦƛŎƛŀƭ LƴǉǳƛǊȅ ǳƴŘŜǊƭƛƴŜŘ ǘƘŀǘ ŜǾŜǊȅ ƻƴŜ ƻŦ ǘƘŜ тн ŘŜŀǘƘǎ ǿŀǎ άŀǾƻƛŘŀōƭŜέ ǿƛǘƘ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ƻŦ DƻǾŜǊƴƳŜƴǘΣ ŎƭŀŘŘƛƴƎ 
companies, the building industry, architects, contractors, fire engineers and fire testing and of the London Fire Brigade.

The London Fire Brigade and consumer magazine Which have called for flame retardant backings for fridges and freezers. The 
ƻŦŦƛŎƛŀƭ LƴǉǳƛǊȅ ƴƻǘŜŘ ǘƘŀǘ ƻǾŜǊ ǘƘŜ ƭƛŦŜǘƛƳŜ ƻŦ ŀ ǊŜǎƛŘŜƴǘƛŀƭ ōǳƛƭŘƛƴƎΥ ƛǘ ƛǎ άŀƭƳƻǎǘ ŎŜǊǘŀƛƴ ǘƘŀǘ ŀ ƪƛǘŎƘŜƴ ŦƛǊŜ ƻŦ ǘƘƛǎ Ƴŀgnitude 
ǿƻǳƭŘ ƘŀǇǇŜƴέΦ

The Times stated that the use of appropriate, fire-safe cladding materials would have added less than 5,000 GBP to the 8.6 
million GBP refurbishment cost. Legal action has been engaged in the USA by ǎǳǊǾƛǾƻǊǎ ŀƴŘ ǾƛŎǘƛƳǎΩ families against Whirlpool 
(Hotpoint), Arconic (cladding) and Celotex ς Saint Gobain  (insulation).

UK housing fire safety campaign: Grenfell United: https://www.grenfellunited.org.uk/
UK Government report: Hotpoint fridge-freezer investigation https://www.gov.uk/government/publications/hotpoint-fridge-freezer-ff175b-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_Review_of_Building_Regulations
_and_Fire_Safety.pdf 
London Fire Brigade: https://www.london-fire.gov.uk/news/2015-news/fridge-freezer-delay-putting-lives-at-risk/ 
WHICH: https://www.which.co.uk/news/2018/02/revealed-the-brands-linked-to-the-most-appliance-fires/
Grenfell Tower Inquiry reports https://www.grenfelltowerinquiry.org.uk/ 
Photo: Fire Grenfell Tower fire, Natalie Oxford, wiki commons  https://commons.wikimedia.org/wiki/File:Grenfell_Tower_fire_(wider_view).jpg 
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Case History
Dusseldorf Airport, 11-April-1996

c. 13h00
Droplets of solder from welding work on an access road outside Terminal A fall 
into polystyrene insulation material.
Smouldering fire spreads slowly within a ceiling void.

c. 15h30
Fire is noticed by a taxi-driver in the arrivals area. The airport fire brigade 
arrives rapidly.

c. 16h00
Flashover occurs, with around 100 m2 of ceiling material burning, as well as 
cables. Dense black smoke spreads rapidly through the terminal building.

Å 17 people died, all from smoke inhalation, and nearly 90 were injured
Å The airport fire services were not trained for this type of fire
Å The polystyrene insulation was installed in violation of the building permit 
όάƴƻ ŎƻƳōǳǎǘƛōƭŜ ƛƴǎǳƭŀǘƛƻƴέύ
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© A. Beard

See: https://www.grs.de/sites/default/files/pdf/grs-a-3912_0.pdf

https://www.grs.de/sites/default/files/pdf/grs-a-3912_0.pdf
https://www.grs.de/sites/default/files/pdf/grs-a-3912_0.pdf
https://www.grs.de/sites/default/files/pdf/grs-a-3912_0.pdf
https://www.grs.de/sites/default/files/pdf/grs-a-3912_0.pdf
https://www.grs.de/sites/default/files/pdf/grs-a-3912_0.pdf


Consumer Products
Europe and USA Alert Systems  in Place
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USA
Consumer Product 
Safety Commission 
recalls and alerts

Coffee machines like this one can burn for more than 
30 min. Photo © EFRA, Ralf Baumgarten

Europe
Safety Gate Rapid Alert System

for dangerous non-food products 
(previously "RAPEX")

Websites:
https://ec.europa.eu/safety-gate-alerts 
https://www.cpsc.gov/Recalls   

https://ec.europa.eu/safety-gate-alerts
https://ec.europa.eu/safety-gate-alerts
https://ec.europa.eu/safety-gate-alerts
https://ec.europa.eu/safety-gate-alerts
https://ec.europa.eu/safety-gate-alerts
https://www.cpsc.gov/Recalls


Consumer products
Flame Retardants versus Smoke Detectors

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

Room fire test
{ǘŀǊǘŜŘ ōȅ ŀ ŎŀƴŘƭŜ ŦƭŀƳŜ ƛƴ ŀ ŦǳǊƴƛǎƘŜŘ ŎƘƛƭŘΩǎ ōŜŘǊƻƻƳΣ ƛƴ ŎƻƴǘŀŎǘ ǿƛǘƘ ƴƻƴ 
flame retarded mattress for one second:

Modelling of fire development
Smoke and fire spread to other rooms and to other flats in the building, 
considering flame retarded or non flame retarded first item ignited (sofa, TV set)
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Smoke alarm in room triggered

2½ MINUTES AFTER 
IGNITION

Flashover

4 MINUTES 
AFTER IGNITION

Temperatures reach

400 ϲC NEAR THE FLOOR, 
1, 000 ϲC NEAR CEILING

Flashover

DELAYED FROM 3-4 
TO NEARLY 15 

MINUTES

Smoke alarms alone

DO NOT GIVE SUFFICIENT TIME 
FOR ESCAPE, NOR FOR FIRE 

SERVICE  INTERVENTION

FLAME 
RETARDANTS 
ARE  ALSO 
ESSENTIAL

See: A. Hofmann (BAM) et al., Flame Retardants 2006 
Conference. Interscience,  pp. 195-215 
https://www.researchgate.net/publication/290580635_
Modelling_fire_scenarios_in_residential_buildings_with_
respect_to_the_benefit_of_smoke_detectors_and_flame
_retardants_in_high_risk_items and 
https://slideplayer.com/slide/1688416/

Photo (c) Shutterstock 

https://www.researchgate.net/publication/290580635_Modelling_fire_scenarios_in_residential_buildings_with_respect_to_the_benefit_of_smoke_detectors_and_flame_retardants_in_high_risk_items
https://www.researchgate.net/publication/290580635_Modelling_fire_scenarios_in_residential_buildings_with_respect_to_the_benefit_of_smoke_detectors_and_flame_retardants_in_high_risk_items
https://www.researchgate.net/publication/290580635_Modelling_fire_scenarios_in_residential_buildings_with_respect_to_the_benefit_of_smoke_detectors_and_flame_retardants_in_high_risk_items
https://www.researchgate.net/publication/290580635_Modelling_fire_scenarios_in_residential_buildings_with_respect_to_the_benefit_of_smoke_detectors_and_flame_retardants_in_high_risk_items
https://slideplayer.com/slide/1688416/


The Plastics Pyramid
Most High-volume Commodity Plastics will burn 
readily

Thermoplastics:
Å High Performance Polymers permitting exceptional end-use-applications, 

specialized niche products at high costs
Å Engineering Plastics with improved performance at higher costs
Å Standard Plastics = 65% of EU plastics consumption include Polyolefins, PS, 

EPS, PVC and PET (Bottle grade)

Thermoset resins:
Å Acrylic, Epoxy, Polyester, Vinylester, PUR, Phenolic
Å Generally stronger than thermoplastics, generally better suited to high 

temperatures, easy to prototype
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400 MIO METRIC TONS
TOTAL GLOBAL CONSUMPTION OF 
PLASTICS IN 2022

FLAME RETARDANTS  CAN 

BE ADDED TO  PLASTICS TO 

REDUCE  EASE OF IGNITION 

AND  SPREAD OF FIRE

Triangle of Thermoplastics
by Structure, Capability and Price

PP  HDPE
LDPE- LLDPE

Resitance
against chemicals, heat and fire

Standard  
Plastics  TI 
> 100 °C

High Permance
Polymers
TI > 150 °C

EPS - PS
PET (Bottle 

grade) - PVC

Engineering  
Thermoplatics  TI 
= 100 °C - 150 °C

PPE mod.
PC  PMMA  

PA11 - PA12
ABS - SAN - ASA

PET (injection)
PBT
POM
PA6 - PA66

PI
PAI 
PEI 
PES 
PSU

Amorphous  
structure

Semi-crystalline  
structure

>2,000 ϵκ¢ƻƴ

>4,000 ϵκ¢ƻƴ

>10,000 ϵκ¢ƻƴ

Capability by Temperature Index by Underwriter Laboratories, USA

PEEK
FP
LCP
PPS
PPA PA46

Source: PlasticsEurope 2016 / Consultic Marketing & lndustrieberatung GmbH.
Average 2010 indicative prices. Source: https://slideplayer.com/slide/11216536/
(1) = PlasticsEurope άtƭŀǎǘƛŎǎ ς ǘƘŜ CŀŎǘǎ нлмфέ
https://plasticseurope.org/media/ 

https://slideplayer.com/slide/11216536/
https://plasticseurope.org/media/


3.
The Global Flame  
Retardants Market
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The Variety and Classification of Flame Retardants

Phosphorus based

Å Inorganic, e.g. red phosphorus, ammonium 

polyphosphate (APP), aluminium phosphite 

(AlPi), etc.

Å Non-halogenated phosphorus esters, e.g. TCP, 

TPP, TBEP, etc.

Å Organic P compounds, e.g. DOPO, aluminium 

alkyphosphinates (AlPi), phytate (bio-based), 

etc.

Inorganic:

Å Metal hydroxides, oxides, e.g. magnesium 

hydroxide (MDH), aluminium hydroxide (ATH)

Å Synergists and smoke suppressants: 

compounds of copper, zinc, boron, 

molybdenum, iron, etc.

Å Natural and synthetic clays and organo-clays

Nitrogen based:

Å Melamine polyphosphate and other 

melamine-based compounds, amine-based 

compounds, ammonium and urea compounds

Carbon char sources and expansion agents for 

intumescents: 

Å Expandable graphite, pentaerythritol,lignin, 

cellulose, ...

Halogenated flame retardants:

Å Brominated or chlorinated, e.g. PBBs*, PBDEs* 

(such as DecaBDE*), DBDE 

(decabromodiphenlyl ethane), HBCD*, TBBPA, 

Tetrabromophthalic acid anhydride, 

Dechlorane, chlorinated paraffins*, 

άŎƘƭƻǊƛƴŀǘŜŘ ǘǊƛǎέ ό¢5/tt Ґ ¢5/LttύΣ 

chlorinated alkyl phosphates (TCPP), etc.

* banned or restricted today in Europe

Å These are often used with antimony 

compounds (ATO)
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Many very different chemicals  are 
ǳǎŜŘ ŀǎ άŦƭŀƳŜ ǊŜǘŀǊŘŀƴǘǎέ όCwǎύ
ŀƴŘκƻǊ ŀǎ άǎƳƻƪŜ ǎǳǇǇǊŜǎǎŀƴǘǎέ



Global Consumption of Flame Retardants

Å ~85% of all flame retardants are used in plastics. 
Å The rest are mainly used in textiles, rubber products, wood and timber.
Å The global FR plastics market is estimated at ~ 50 billion USD.
Å Ongoing shift to higher consumption in Asia 

(today > 50% of FR consumption).
Å Ongoing reduction of the share of brominated flame retardants
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~ 7 - 8 BILLION USD
GLOBAL USE OF FRS 
~ 3.5 MILLION TONS A YEAR

Expected continuing
GROWTH AT ANNUAL RATE OF

~ 6%

PIN FRs (non-halogenated)
ARE GROWING FASTER

~ 8%

Global Consumption of Flame Retardants by type and by 
tonnage (2016)

38%
Aluminumtrihydroxide

13%
Other

18%
Organophosphorus

5%
Chlorinated

9%
Antimony 

oxides

17%
Brominated

Sources:
IHS Flame Retardants Market Report 2017
J. Crozier, pinfa, at Flame Retardants in Plastics, Cologne, 2018
Summaries of FR market studies in pinfa Newsletters n°148, 156 www.pinfa.eu 
www.flameretardants-online.com

~ 4 - 5 BILLION USD
GLOBAL USE OF PIN FRS
(non-halogenated)

http://www.pinfa.eu/


Global Consumption of Flame Retardants 
will  Continue to Grow

Å Flame retardants consumption growth is driven by 
- economic development (GDP) means more houses, trains, airplanes, 
electric and electronic  equipment
- increasing use of flammable materials (polymers, composites, wood), 
furnishings

Å Development of sectors where fire safety poses specific challenges: 
renewable energies, batteries & electric vehicles, ubiquitous electronics 
and permanent connectedness, 'green' construction

Å Increasing safety awareness and requirements

Å Trend towards PIN flame retardants
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Tonnes 2016 total 
= 2.5 Mt

Tonnes 2021 total 
= 3.5 Mt

Value 2016 total 
= 9 billion USD

Value 2021 total 
= 13 billion USD

Data from J. Crozier, pinfa, at Flame Retardants in Plastics, Cologne, December 2018, based on secondary data from 
secondary research, company websites, press releases. magazines, expert interviews, and MarketsandMarkets Analysis

Antimony

Mineral FRs

Phosphorus FRs

Other PIN FRs

Brominated

Chlorinated
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Global Consumption 
of Flame Retardants 
will  Continue to Grow

Åaŀƴȅ ŎƻƳƳŜǊŎƛŀƭ άƳŀǊƪŜǘ ǎǘǳŘƛŜǎέ ŦƻǊ ǎŀƭŜ ƻƴƭƛƴŜ 
predict sustained growth in flame retardants 
worldwide

Å Estimates vary very widely, suggesting that different 
άǎǘǳŘƛŜǎέ Ƴŀȅ ƴƻǘ ōŜ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǎŀƳŜ ǘƘƛƴƎǎΥ 
estimates for the world FR market (2022) vary from 
3,3 to 15,3 bn US$.

Å¢ŀƪƛƴƎ ƻǾŜǊ нл ŎƻƳƳŜǊŎƛŀƭƭȅ ǎƻƭŘ άƳŀǊƪŜǘ ǎǘǳŘƛŜǎέΣ 
ignoring outliers, most estimate the world market 
for FRs at 7 ς 8 bn US$, with growth of around +6% 
per year for the coming decade. 

Å Estimates of the world market for non-halogenated 
(PIN) FRs are around 4 ς 5 bn US$ (somewhat more 
than half the total FR market by value), with growth 
of around +8% per year.

From pinfa Newsletter n°156, January 2024 www.pinfa.eu 

Billion US$ Growth Current market To reach

Global market all FRs (US$)

Acumen 6.3 % 8.1 bn$ (2022) 14.8 bn$ (2030)

FutureMarketInsights 7.1 % 8.5 bn$ (2022) 17 bn$ (2032)

GrandView 7.1 % 8.6 bn$ (2023) 14.9 bn$ (2032)

IMARC 6.6 % 9.2 bn$ (2023) 13.5 bn$ (2030)

MarketResearch Biz 5.1 % 7.2 bn$ (2023) 11.8 bn$ (2033)

MarketResearchFuture 6.9 % 8.1 bn$ (2022) 14.8 bn$(2032)

MarketsAndMarkets 5.2 % 7 bn$(2022) 9.5 bn$(2028)

ReliableResearch 11.6 % 7.7 bn$ (2022) 14 bn$(2030)

Straits Research 4.7 % 7.7 bn$ (2021) 11.7 bn$(2030)

Technavio 4.7% 7.6 bn$ (2022) 9.5 bn$ (2027)

Valuates 2.8 % 6.6 bn$(2022) 8.3 bn$(2029)

BrainyInsights 7.3% 8.6 bn US$ (2022) 15.0 bn US$ (2030)

DataBridge 6.2% 12.8 bn US$ (2021) 20.7 bn US$ (2029)

Emergen 5.1% 6.7 bn US$ (2021) 10.5 bn US$ (2030)

ReportLinker 4.5% 15.3 bn US$ (2022) 21.7 bn US$ (2030)

ResearchandMarkets 5.1% 7.2 bn US$ (2022) 9.2 bn US$ (2027)

MarketResearchGuru 4.3% 3.3 bn US$ (2022) 4.3 bn US$ (2028)

AlliedMarketResearch 6.6% 7.4 bn US$ (2020) 14.0 bn US$ (2030)

P&SIntelligence 5.3% 7.6 bn US$ (2021) 12.0 bn US$ (2030)

Global market non-halogenated FRs

Business Research Co 10.5 % 4.8 bn$ (2023) 5.3 bn$ (2032)

Data Bridge 9.1 % 5.8 bn$ (2022) 11.6 bn$ (2030)

MarketResearchFuture 5.7 % 2.2 bn$(2023) 3.4 bn$(2032)

StratView 8.5 % 4.6 bn$(2023) 7 bn$(2028)

Zion 8.5% 4.1 bn US$ (2021) 6.8 bn US$ (2028)

CoherentMarketInsights 6.4% 3.0 bn US$ (2019) 5.0 bn US$ (2027)

IndustryArc 8.0% 4.9 bn US$ (2022) 7.2 bn US$ (2027)

VerifiedMarketResearch 8.6% 4.1 bn US$ (2020) 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)

Åclimate change, wildfires

Ånew technologies

Åglobalisation

Åpopulation growth, ageing (and so more vulnerable) population

Åurbanisation, new construction techniques, tall buildings

Å resiliency and sustainability, green buildings
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International Association for Fire Safety Science (IAFSS Agenda 
2030 for a Fire Safe World (2019) 
https://doi.org/10.1016/j.firesaf.2019.102889  

https://doi.org/10.1016/j.firesaf.2019.102889


When are Flame Retardants Used?
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Product Safety 
Laws

Product 
Standards

Fire and 
SmokeTests

Flame 
Retardants

UL 94 Test

Glow Wire Ignition Test

Smoke density, smoke toxicity
Photo © Shutterstock



When are Flame Retardants Used?

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

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

Å Compatibility with other additives
Å Processability
Å Cost

Χ !ǎ ǿŜƭƭ ŀǎ ŦƛǊŜ ŀƴŘ ǎƳƻƪŜ ǇŜǊŦƻǊƳŀƴŎŜ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴΦ
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Photo © Shutterstock



4.
Flame Retardant  
Mechanisms ς How  
They Work
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PIN Flame Retardants Inhibit 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* radicals 
which are released by materials under heat and which feed fire.

Solid phase:
Generate a char layer on the material surface, which insulates from 
heat and prevents contact between oxygen and flammable gases.

Heat buffer:
Endothermic degradation reactions absorb heat energy.

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

Pyrolysis:
Catalysis releasing poorly flammable molecules.
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The Different Mechanisms of PIN Flame 
Retardants
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Phosphorus flame retardants

Char

Radicals*

*Some phosphorus FRs release radicals which 
quench the combustion reactions

Nitrogen flame retardants

Release of poorly flammable 
gases (nitrogen, pyrolysis 
products)

Inorganic flame retardants

- quench and cool -

(some) Inorganic PIN synergists:
Suppression of smoke release

Polymer

Polymer

Polymer

Char



PIN Flame Retardants 
and Smouldering  Combustion

Smouldering combustion is slow, low temperature, flameless burning of solid 
materials. Smouldering fires can:
Å burn for a long time and are difficult to extinguish.
Å transition  suddenly to flaming fires if air is allowed access
Å 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:
Åōȅ ΨǎƻƭƛŘ ǇƘŀǎŜΩ ŀŎǘƛƻƴΥ ŎƻƴǾŜǊǘƛƴƎ ŦǳŜƭ ƳŀǘŜǊƛŀƭǎ ǎǳǊŦŀŎŜǎ όŜΦƎΦ ǇƭŀǎǘƛŎǎΣ 
ǘŜȄǘƛƭŜ ŦƛōǊŜǎ ΧΦύ ƛƴǘƻ ǇǊƻǘŜŎǘƛǾŜ ŎƘŀǊ όŎŀǊōƻƴŀŎŜƻǳǎ ƻǊ Ǝƭŀǎǎȅ κ ƳƛƴŜǊŀƭύΣ

Å by catalysing pyrolysis or cross-linking of the fuel material.
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άSmoldering /ƻƳōǳǎǘƛƻƴέΣ DΦ wŜƛƴΣ ƛƴ {Ct9 IŀƴŘōƻƻƪ ƻŦ CƛǊŜ tǊƻǘŜŎǘƛƻƴ 9ƴƎƛƴŜŜǊƛƴƎΣ ŜŘΦ aΦ IǳǊƭŜȅΣ нлмсΣ 
https://dx.doi.org/10.1007/978-1-4939-2565-0_19 

Photo: smouldering embers, JB Nielsen, Wiki commons
https://commons.wikimedia.org/wiki/File:Embers_01.JPG .

https://dx.doi.org/10.1007/978-1-4939-2565-0_19
https://dx.doi.org/10.1007/978-1-4939-2565-0_19
https://dx.doi.org/10.1007/978-1-4939-2565-0_19
https://dx.doi.org/10.1007/978-1-4939-2565-0_19
https://dx.doi.org/10.1007/978-1-4939-2565-0_19
https://dx.doi.org/10.1007/978-1-4939-2565-0_19
https://dx.doi.org/10.1007/978-1-4939-2565-0_19
https://dx.doi.org/10.1007/978-1-4939-2565-0_19
https://dx.doi.org/10.1007/978-1-4939-2565-0_19
https://commons.wikimedia.org/wiki/File:Embers_01.JPG
https://commons.wikimedia.org/wiki/File:Embers_01.JPG


Halogenated Flame Retardants Interrupt the 
Chemical Reactions in the Gas Phase

Å Halogenated flame retardants are organochlorine or 
organobromine chemicals

Å In fire, halogen radicals are released (Br* or Cl*)

Å In the flame zone (gas phase) these neutralise the energy rich 
radicals (H* and OH*), interrupting the chain reaction of 
combustion

Å This results in incomplete combustion, leading to significant 
smoke production

Å Halogen acids are formed (HBr, HCl)

Å Halogenated flame retardants are often used in combination 
with antimony trioxide
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See: 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
https://www.flameretardants-online.com/flame-retardants/bromine-chlorine
https://www.flameretardants-online.com/flame-retardants/bromine-chlorine


Halogenated Flame Retardants Examples
traditional products, partially phased-out or restricted
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Halogenated Flame Retardants Examples
more recent products, substituting legacy BFRs
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Brominated PolystyreneDecabromodiphenyl ethane
(DBDPE) 

Brominated Styrene-Butadiene 
polymer

BrBr

Br

BrBr

BrBr

Br

Br Br

C C
H

H

H

H

Br



Phosphorus-based Flame Retardants can Form 
a Protective Char Layer or Work in the Gas Phase

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

Å Main mechanism is by formation of a char layer at the 
material surface (solid phase), stopping the contact 
between fuel and air. Combined with  intumescence, foam-
like char also provides a thermal protection effect.

Å Phosphorus flame retardants can also have some gas phase 
effect (phosphorus radicals) which leads to incomplete 
combustion. 

Å 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.

Å Phosphorus flame retardants generate considerably less 
acidic gases than halogenated flame retardants.
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Phosphorus-based Flame Retardants Examples

Å Specific interactions 
with different 
polymers ς no one size 
fits all

Å No simple correlation 
of activity vs. P-
content

Å Different mechanisms, 
solid phase (surface 
charring + 
intumescence) and/or 
gas phase

Å Low fire emissions, 
soot; no corrosive 
gases

Å No negative impact on 
UV stabilizers

Å Many have excellent 
environmental and 
health profile
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DOPO Polyphosphonate Phosphinic acid derivatives

Red Phosphorus Ammonium polyphosphate

(APP)

Triarylphosphates

Newer developments



Å Melamine derivatives like melamine cyanurate (MC) and melamine 
polyphosphate (MPP) are the most common N-based FRs

Å Other N-based PIN FRs include amine-derived 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.

Å N-based PIN FRs act by one or more of the following mechanisms:
o Release of inert nitrogen (N2 ), so diluting fire gases
o Endothermic decomposition, so acting as cooling agents
o Promoting cross-linking in polymers, so inhibiting burning
o Release of alkyl, nitroxyl, alkoxy or aminyl radicals, which inhibit burning in the gas 

phase
o Cause the polymer to melt away from the flame front, bypromoting polymer 

degradation, e.g. MC in polyamide

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

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

Nitrogen-based Flame Retardants Act by 
Reducing Heat, Releasing Quenching Gas, 
or by  Specific Reactions
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Melamine cyanurate

Melamine polyphosphate



Å Aluminum and magnesium hydroxides are the most 
common

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

Å Cool: release of water is an endothermic reaction

Å Solid phase action: minerals, such as aluminum, can also 
contribute to glassy char formation

Å Physical effect is less efficient: high loadings are necessary

Å Less smoke, because no forced incomplete combustion, no 
acidic gases

Inorganic Flame Retardants Release Water
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Al(OH)3 + energy Č Al2O3 + H2O 

Mg(OH)2 + energy Č MgO + H2O 



Notable PIN Flame Retardants Innovation: 
Commercial Products 2000-2020
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***DEPAL (Clariant) *Polyphosphonate (FRX 
Polymers)

[H2PO-O]n M n+

***Metal hypohosphites 
(Italmatch)

**DOPO & DOP-HQ (Schill &  

Seilacher)

***NH P-FR (Thor) ***Ionic Liquids (Inovia) ***Arylphosphonate 
(Teijin)

***EDA  DOPO 

(Metadynea)

Flamestab NOR 116 
(BASF)

* Polymeric FR

** Reactive FR

*** Additive  FR

*Melamine polyphosphate
(BASF / Budenheim / CIBA)



Smokeand fire gas toxicity

Å All fires generate toxic smoke, the inhalation of smoke is the main cause of death for fire fatalities (> 70%)

Å The total toxicity of gases emitted in fires is principally related to the quantities of materials burned

Å Dense smoke can make orientation impossible, and so prevent escape

Å Acutely toxic components prevent escape, can cause injury and death

Å narcotic: CO, HCN - deadly within minutes; but also CO2, O2-deficiency

Å irritants for eyes and breathing: HCl, SO2, NOx, aldehydes

Å Compounds with long term effects pose significant concerns for firefighters* and other professionals 

repeatedly exposed to smoke or soot:

Å polycyclic aromatic hydrocarbons (PAHs)

Å halogenated dioxins + furans (PCDD/F)

Å mostly adsorbed to soot, so inhaled in smoke particles or resobed by skin contact

Å A study for the European Commission (2018) concluded that:

Å Toxic gases in fires are linked to furnishings and fittings

Å Synthetic materials generate more smoke than natural materials

Å άtǳōƭƛǎƘŜŘ Řŀǘŀ ƻǾŜǊǿƘŜƭƳƛƴƎƭȅ ǎƘƻǿ ǘƘŀǘ ŦƭŀƳŜ ǊŜǘŀǊŘŀƴǘǎ Řƻ ƴƻǘ ŎƻƴǘǊƛōǳǘŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǘƻ ŜƛǘƘŜǊ 

ŀŎǳǘŜ ƻǊ ŎƘǊƻƴƛŎ ŦƛǊŜ ǘƻȄƛŎƛǘȅ ƛƴ ǊŜŀƭ ŦƛǊŜǎέ

Yates, BRE / Ecorys, VITO for the European Commission DG GROW, published 2018,
http://ec.europa.eu/growth/sectors/construction/support-tools-studies_en 
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Fire and smoke demonstration at firefighter training centre 

tL±hΣ .ǊǳǎǎŜƭǎΣ  Ǉƛƴấŀ !ŘǾƛǎƻǊȅ .ƻŀǊŘ meeting 2019.
{ŎǊŜŜƴǎƘƻǘ ŦǊƻƳ ǾƛŘŜƻ άCƭŀƳŜ ǊŜǘŀǊŘŀƴǘǎ ϧ ŦƛǊŜ ǎŀŦŜǘȅ
Television sets with (Philips) and without (Thomson) flame 
retardants ς ōǳǊƴ ǘŜǎǘ ōȅ .ŜǊƭƛƴ ŦƛǊŜ ǎŜǊǾƛŎŜέ
https://www.pinfa.eu/media-events/photo-video/

* Occupational exposure to fires and smoke is recognized as a 
ŎŀƴŎŜǊ Ǌƛǎƪ ŦƻǊ ŦƛǊŜŦƛƎƘǘŜǊǎΦ ά/ŀǊŎƛƴƻƎŜƴƛŎƛǘȅ ƻŦ ƻŎŎǳǇŀǘƛƻƴŀƭ 
ŜȄǇƻǎǳǊŜ ŀǎ ŀ ŦƛǊŜŦƛƎƘǘŜǊέΣ ƛнлнн 
https://doi.org/10.1016/S1470-2045(22)00390-4  

http://ec.europa.eu/growth/sectors/construction/support-tools-studies_en
http://ec.europa.eu/growth/sectors/construction/support-tools-studies_en
http://ec.europa.eu/growth/sectors/construction/support-tools-studies_en
http://ec.europa.eu/growth/sectors/construction/support-tools-studies_en
http://ec.europa.eu/growth/sectors/construction/support-tools-studies_en
http://ec.europa.eu/growth/sectors/construction/support-tools-studies_en
https://www.pinfa.eu/media-events/photo-video/
https://www.pinfa.eu/media-events/photo-video/
https://www.pinfa.eu/media-events/photo-video/
https://www.pinfa.eu/media-events/photo-video/
https://www.pinfa.eu/media-events/photo-video/


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, a flat-panel TV, 
coffee table, bookshelf and books. Furniture was purchased in the UK, France or USA: 
only the UK furniture would contain FRs.

Blais 2020 concluded that the UK Furniture Fire Safety Regulations 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).

Osimitz 2022 uses ToxTracker and analyses individual VOCs and SVOCs (volatile and semi-
volatile organic carbons). Conclusions are dependent on case-by-case fire conditions in 
individual rooms but with the FR-furniture room generally producing fewer and lower 
levels of SVOCs, in particular for carcinogenic SVOCs.
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Osimitz et al. J Toxicology & Env Health, part A, vol. 85, 
n°19, 783-797, 2022 

https://doi.org/10.1080/15287394.2022.2087812 

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

Blais et al.. Fire Technology, pp. 1-26, 2019 
https://doi.org/10.1007/s10694-019-00888-8

See: Fig.3 from Osimitz et al. 2022

Induction of Aryl Hydrocarbon Hydroxylase (AhR) 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 non-FR furniture (from France, USA).

Photo © EFRA, Ralf Baumgarten

https://doi.org/10.1080/15287394.2022.2087812
https://doi.org/10.1007/s10694-019-00888-8
https://doi.org/10.1007/s10694-019-00888-8
https://doi.org/10.1007/s10694-019-00888-8
https://doi.org/10.1007/s10694-019-00888-8
https://doi.org/10.1007/s10694-019-00888-8
https://doi.org/10.1007/s10694-019-00888-8
https://doi.org/10.1007/s10694-019-00888-8


Do PIN Flame Retardants Make Smoke More Toxic?

In 2019, the French institute CREPIM completed a study testing 94 polymer 
samples from 12 companies, with and without flame retardants.

Results showed no significant negative impact on smoke parameters from  
phosphorus, inorganic or nitrogen-based flame retardants, with several 
PIN flame retardants showingpositive impact on smokeparameters when 
used judiciously.
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Smoke parameters tested: CREPIM evaluated the smoke toxicity 
and the smoke density according to two well-recognized 
protocols: the norm NF X 70-100 at 600ϲC (tubular furnace) and 
the ISO 5659-2 with Annexe C of EN 45545-2 method (smoke 
chamber) at 50 kW/m2. Evaluated parameters were the 
Conventional Index of Toxicity for non-listed products and toxicity 
index at 4 or 8 minutes (CITNLP, CIT4 min, CIT8 min as per EN 
45545-2) as well as smoke density values at various time intervals 
(DsMAX, Ds10, Ds4, Ds1.5 and calculated VOF4 values). Study 
funded by pinfa. Summary of results in pinfa Newsletter nϲ 109 at 
www.pinfa.eu ŀƴŘ ƛƴ ά¢ƘŜ ƛƳǇŀŎǘ ƻŦ ƘŀƭƻƎŜƴ ŦǊŜŜ ǇƘƻǎǇƘƻǊǳǎΣ 
inorganic and nitrogen flame retardants on the toxicity and 
ŘŜƴǎƛǘȅ ƻŦ ǎƳƻƪŜ ŦǊƻƳ мл ŎƻƳƳƻƴ ǇƻƭȅƳŜǊǎέΣ IΦ Feuchter, F. 
Poutch, A. Beard, Fire and Materials. 2023;1ς21, 
https://doi.org/10.1002/fam.3145  

http://www.pinfa.eu
https://doi.org/10.1002/fam.3145


PIN Smoke Suppressants can 
Significantly Reduce Smoke 
and act as Flame Retardant Synergists

Mode of action:

Å Catalysis of cross-linking of carbon compounds in fire, so stabilising char 
and preventing the release of smoke and of soot particles

Å In gas phase, vaporised metal compounds react with hydrogen radicals

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

Å In halogenated polymers (e.g. PVC), volatilisation of metal halides, which 
act as flame retardant catalysts in the gas phase

Examples:
Å Molybdenum minerals, e.g. ammonium octamolybdate

Å Zinc minerals, e.g. zinc oxide, zinc phosphate, zinc stannates, zinc borate

Å Calcium, copper, iron, nickel, silicon, tin minerals
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Ignition of a sofa by a cigarette. 

Photo EFRA © R. Baumgarten



5.
Fire Tests and  
Standards
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Fire Standards and Fire Tests

Å Standards are defined by regulation or by industry voluntary agreement

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

Å 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

The objective is to ensure protection of people and property against risks of 
fire and smoke.
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Cone calorimeter fire test. Photo: courtesy of Fire Testing 
Technology, UK



Fire Tests and Flame Retardants

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 loading of flame retardant used is defined to ensure to reliably pass 
ǘƘŜ ŦƛǊŜ ǘŜǎǘόǎύΦ  !ƭǘƘƻǳƎƘ ǘƘƛǎ Ƴŀȅ ǎŜŜƳ ƭƛƪŜ άōƻȄ ǘƛŎƪƛƴƎέΣ ǘƘŜ ŀƛƳ ƛǎ ǘƻ ŜƴǎǳǊŜ 
fire safety:
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UL 94 vertical fire test. Simulates resistance against ignition 
by a small flame.
Photos © Clariant R. Baumgarten

Standards define what fire and smoke 
performances are required for materials

Fire tests are designed to test these performances

Flame retardants are used to ensure that 
performance is achieved



Fire Tests Evaluate the Behaviour of Specimens 
Under Defined Conditions (1)

Testing material properties:

The heat of combustion (as measured by oxygen bomb calorimetry) is a fire 

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 

impacts: e.g. thickness and horizontal or vertical orientation of specimen, size 

and kind of ignition/energy source.

Different scales:

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 full-scale fires.
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Photo © Budenheim. Glow wire fire test. Used widely for 
electrical and electronic equipment. Simulates resistance to 
ignition or fire spread from a localised, high temperature heat 
source, comparable to electrical faults.

Further explanations here: https://www.ifsecglobal.com/uncategorized/fire-resistance-and-reaction-to-fire/
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Fire Tests Evaluate the Behaviour of Specimens 
Under Defined Conditions (2)

Reaction to Fire:

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

prevention 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).
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Large scale test oven for Fire Resistance of walls. 
Photo © Clariant, R. Baumgarten

Further explanations here: https://www.ifsecglobal.com/uncategorized/fire-resistance-and-reaction-to-fire/
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The Limiting Oxygen Index (LOI) is Widely-used 
to Indicate Relative Flammability

The test measures the minimum level of oxygen (mixed with inert nitrogen) 
which can sustain a flame in the material.

This is not directly comparable to real fire conditions, but provides an 
indication of relative flammability, useful for material development, quality 
control, etc.
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HIGH LOI
= LOW FLAMMABILITY

Photo courtesy of Fire Testing Technology, 
UKhttps://www.fire -testing.com/oxygen-index/Further explanations: LOI values for different neat polymers: https://omnexus.specialchem.com/polymer-

properties/properties/fire-resistance-loi 

https://www.fire-testing.com/oxygen-index/
https://www.fire-testing.com/oxygen-index/
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Underwriters Laboratories UL 94 Vertical Test

Usually conducted on a 
ca. 13 x 1,5 cm specimen, 
with defined thickness, 
typically from 0,4 to 3,2 
mm. 5 specimens per test.

Results depend on 
specimen thickness: 

Å The same UL-V rating 
for a thinner specimen 
indicates  higher fire 
performance

ÅLƴŘƛŎŀǘƛƴƎ ά¦[фп-±лέ 
without specifying the 
thickness is not 
meaningful

Other classifications apply 
to low density foams 
(HF-1, HF-2,  HBF) or thin 
films (VTM-0, VTM-1, 
VTM-2).
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Class V-5A V-5B V0 V1 V2 HB
Not 
Rated

Low inflamability ς
High Fire Performance

High inflamability ς 
Poor Fire Performance

Individual afterflame 
time

Җ мл s Җ ол s Җ ол s > 30 s

Total afterflame 
time: sum of t1 
and t2 for the 5 
specimens

Җ рл s Җ нрл sҖ нрл s> 250 s

Ignition of cotton No No Yes Yes
Examples of 
applications

Automotive 
Circuit boards

Electrical 
(E&E)

Office 
automation

aƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴΥ ά¦[ фп {ǘŀƴŘŀǊŘ ŦƻǊ ¢Ŝǎǘǎ ŦƻǊ CƭŀƳƳŀōƛƭƛǘȅ ƻŦ tƭŀǎǘƛŎ aŀǘŜǊƛŀƭǎ ŦƻǊ tŀǊǘǎ ƛƴ 5ŜǾƛŎŜǎ ŀƴŘ 
!ǇǇƭƛŀƴŎŜέ https://standardscatalog.ul.com/standards/en/standard_94

Harmonised with IEC 60707 / 60695-11-10 / 60695-11-20 / ISO 9772 

https://standardscatalog.ul.com/standards/en/standard_94


Glow Wire Ignition
Test is Common for Household  Appliances

DIN EN 60695-2-11 and -12

Temperature of wire will be heated to a pre-determined 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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Glow wire test. Photos © Clariant, R. Baumgarten



The Cone Calorimeter

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 sample, 
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 density 
and soot production.
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Cone calorimeter fire test. Photo courtesy of Fire Testing 
Technology, UKhttps://www.fire -testing.com/

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


ISO 5658-2 Evaluates Flame Spread Laterally

ISO 5658-2 evaluates flame spread laterally along a vertically mounted 
material sample, next to a gas burner of 50-1,200 kW/m2.

It is used to classify materials under the European railway fire safety standard 
EN 45545-2.

The aim is to ensure that the material, when used in vertical interior panels, 
does not spread fire  along a rail carriage or similar.
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ISO 5658-2 lateral flame spread fire test. Photo © RiSe.

https://www.ri.se/en/what-we-do/services/fire-testing-according-iso-5658-2-products-trains


Single Burning Item Test, EN 13823

Applications:
Å Construction/building

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

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

Classification criteria:
Å Rate of heat release
Å Smoke density
Å Dripping

Performance classes:
Å Euroclasses B, C, D
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Re-drawn according to EN 13823

Specimen

Measuring tube

Fume hood

Specimen trolley
Test room

Primary burner

Secondary burner



ASTM E84 - Steiner Tunnel

ASTM E84 is the most used fire test standard in the USA to characterize 
flammability of plastics.

A specimen (7.3 m x 0.56 m), either in one unbroken length or in separate 
sections joined end to end, is mounted face downwards so as to form the roof 
of a horizontal tunnel.

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 linear 
air velocity of 73 m/min. Flame spread index (FSI) and a smoke-developed 
index (SDI) are measured.
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89 KW
INTENSITY  
SAMPLE

73 M/MIN
LINEAR AIR VELOCITY
CARRIES AWAY 
COMBUSTION  PRODUCTS

FSI & SDI
ARE MEASURED

FIRE SOURCE
2 GAS BURNERS Class

Flame 
Spread

Smoke Index

A 0-25 0-450

B 26-75 0-450

C 76-200 0-450

Table 8: ASTM E84 Classification of the 
interior finishes

Test chamber 
7.62 m

Removable cover plate

Viewing windows

Fire end Vent end

Removable cover plate

Specimen
Viewing 
windows

Gas 
burner

Building ς ASTM E84 
όάSteiner Tunnel Testέ Ƴŀƛƴƭȅ ǳǎŜŘ ƛƴ ¦{!ύ



Fire safety testing of batteries

Å The updated EU Battery Regulation (2023) specifies under Safety 
tŀǊŀƳŜǘŜǊǎ ό!ƴƴŜȄ ±ύ ά10.Fire test. The risk of explosion shall be assessed 
by exposing the battery to fireΦέ

Å/ƘƛƴŀΩǎ ƳŀƴŘŀǘƻǊȅ ǎŀŦŜǘȅ ǎǘŀƴŘŀǊŘǎ ŦƻǊ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ōŀǘǘŜǊȅ ǇŀŎƪǎ όD.κ¢ 
31467) covers thermal runaway, water ingress, impacts and external fire 
resistance.

Å Fire tests for batteries include:
× 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 Lithium-Ion Batteries
× etc
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Photo Shutterstock 1577310307

EU Batteries Regulation2023/1542 https://environment.ec.europa.eu/topics/waste-and-
recycling/batteries_en
China 2021 electricvehiclesafetystandards https://www.electrive.com/2020/05/14/china-announces-
new-ev-safety-standards/
NFPA https://www.nfpa.org/For-Professionals/Codes-and-Standards/Standards-Development/New-
projects-and-draft-documents/New-Standards-Development-on-Battery-Safety
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