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pinfa recognises that smoke emissions and toxicity are key factors of fire risk, potentially causing incapacitation of 

occupants, loss of visibility (inhibiting escape and rescue) or death. We also recognise that certain recent studies 

suggesting chronic health impacts of smoke toxicity are of high concern to fire fighters. pinfa has therefore launched 

initial work to assess what information is available concerning the impacts of PIN flame retardants on smoke toxicity, 

with an exploratory assessment of available scientific literature carried out by CREPIM (the reputed French fire science 

laboratory). The study has been circulated to a number of fire scientists for information, and will be presented by 

CREPIM at the AMI Fire Resistance in Plastics, 5-7 December, Köln. This study concludes that there are only a small 

number of directly relevant published scientific studies, that there is no evidence that PIN FRs increase smoke toxicity 

in fires and that in some cases they may reduce toxicity emissions. Research is continuing to develop low smoke/low 

smoke toxicity materials and smoke suppressants, as illustrated by a number of articles in this Newsletter. We intend to 

work with flame retardant user companies (e.g. compounders, polymer formulators, product manufacturers) to gather 

additional relevant industry data to extend the initial CREPIM science assessment.  Please feel free to contact us. 
 
 
   
  
 
 
 
 
 
 
 
 

14-15 November 2017, Valencia, Spain, pinfa workshop on PIN FRs for thermosets and thermoplastics, 

in construction, E&E and transports, with AIMPLAS Plastics Technology Centre www.pinfa.eu  

4-5 April 2018, Dearborn, Michigan, pinfa North America with SAMPE (Society for the Advancement of Material and 

Process Engineering) and the SPE (Society for Plastics Engineers) workshop on Meeting Changing Material 

Flammability Requirements for Ground Transportation www.pinfa-na.org  

For full events listing, see www.pinfa.eu 

 
 
 
 
 
  
 
 
  
 
 

 
 
 
 
 
 
 
 
 

French bureau recommends tighter vehicle fire safety  

The French Environment Ministry’s transport accident investigation Bureau (BEA-TT) 

has published the official report into the accident and coach fire in which 41 died at 

Puisseguin, 23rd October 2015. The main cause of the fire is identified as an 

unauthorised additional diesel fuel tank added behind the cabin of the lorry involved 

in the initial accident. The Bureau notes that “a violent fire started immediately after 

the collision. The coach was very rapidly filled with black toxic smoke and attacked 

by flames”. The Bureau makes five recommendations: the first concerns verification 

of additional fuel tanks, the second asks for tightening of fire performance of 

materials used in vehicles, and the three others concern smoke ventilation, exit and 

emergency lighting systems. The Bureau notes that the non-structural bodywork of 

the coach, seats, carpets, flooring and curtains were made of a range of inflammable 

materials including polymers, wood, textiles and foams; and that some of these are 

mailto:pinfa@cefic.be
http://www.pinfa.org/
https://twitter.com/@pinfa_eu
https://www.amiplastics.com/events/event?Code=C847
http://www.aimplas.es/
http://www.pinfa.eu/
http://www.pinfa-na.org/
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“very well combustible … and release strongly toxic gases”. The Bureau specifically 

recommends that “in the context of revision of the EEC-UNO regulation n°118, to 

propose to reinforce requirements concerning fire resistance of materials used in 

vehicle construction, and to introduce new requirements addressing the toxicity 

released by combustion of these materials”. The Bureau notes that it already 

recommended tightening the fire performance of materials used in coaches following 

the 23rd February 2008 coach fire (A43, Marches en Savoie: recommendation to 

consider vertical rather than horizontal combustion where relevant) and the 31st July 

1982 coach fire (Beaune, recommendation to apply ISO 37 95 or stricter to interior 

and seat materials). The legal representative of the majority of the accident victims, 

Maître Mescam, commented that “the fire safety standards in the coach were 

extremely low … around one bus a month burns in France … bus fire standards 

should be the same as in aviation, trains and shipping”. 

“Accident de Puisseguin : un rapport critique les normes anti-feu dans l'autocar”, Libération, 
8/8/2017 http://www.liberation.fr/france/2017/08/08/accident-de-puisseguin-un-rapport-critique-
les-normes-anti-feu-dans-l-autocar_1588801 BEA-TT (Bureau d’Enquêtes sur les Accidents 
de Transport Terrestre, Ministry for the Environment) report “Puisseguin” (July 2017) 
http://www.bea-tt.developpement-durable.gouv.fr/puisseguin-r235.html  

Investigation of German coach fire 

Reports of the investigation following the German bus fire on the A9 motorway, 

Oberfranken, 3rd July 2017, suggest that the initial crash between the bus and a truck 

was caused by the bus driver’s inattention. An electrical short-circuit in the front area 

of the bus then lit spilt fuel, and the bus was engulfed in flames very rapidly. 18 of the 

pensioners on the coach died, and another 30 were injured by the fire. The bus driver 

intervened to save many lives before himself dying. 

Police indicate that the cause of the A9 coach accident is known” 
http://www.infranken.de/regional/hof/Schwerer-Unfall-auf-der-A9-in-Muenchberg-Reisebus-in-
Flammen-Mehrere-Verletzte;art155656,2749126  

Initial assessment of PIN FRs and smoke toxicity 

An initial study by CREPIM France, for pinfa (see Editorial above) has collated and 

assessed available scientific literature on how PIN flame retardants affect fire smoke 

toxicity. The literature survey covers both fire gases and smoke particles (soot). This 

initial assessment did not consider PIN chemicals expressly used as smoke 

suppressants. 135 relevant publications were identified, over the last 30 years, of 

which 22 were found to contain useable information and data (of these, 6 deal with 

real fires rather than lab fire tests). These studies are analysed in detail in the 140 

page report. The report notes that smoke emissions and toxicity in real fires are 

controlled by how the fire develops (ventilation, temperature) and by the quantity and 

type of materials which burn. For most materials, both natural and synthetic, yields of 

toxicants are much higher in under-ventilated fire conditions, and smoke toxicity of 

nearly all materials is nearly identical (within the margin of error of measurement). 

Modern plastics generally produce the same types and levels of both acute toxicants 

(carbon monoxide, hydrogen cyanide) and of carcinogenic VOCs (volatile organic 

carbons) as does wood. The overall estimated toxicity of fire effluents (FED, 

fractional effective dose) varies by a factor of around 100 depending on fire scenario, 

and by a factor of around 10 depending on materials burning. This makes it very 

difficult to extrapolate the results of lab fire tests to real fires. The CREPIM report 

mailto:pinfa@cefic.be
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concludes that materials in which no flame retardant is present emit high quantities of 

toxicant in real fires. It also concludes that there is no evidence in any of the 

publications identified that PIN FRs or synergists increase smoke toxicity. No data 

was found for inorganic FRs and CREPIM notes that e.g. ATH or MDH have no 

known toxicity problems, which probably explains the absence of publications. 

CREPIM note that PIN FRs acting in the solid phase (generation of a protective char 

layer) can trap and so reduce fire gas and soot emissions. They also note that 

although some phosphorus PIN FRs act in the gas phase (flame inhibition) there is 

no evidence of increased smoke toxicity. CREPIM finally underline that “What really 

matters is that the proper use of PIN FRs and synergists can reduce both the 

flammability and the heat release rate. This helps fires to remain small for a longer 

time by delaying the occurrence of the flashover, thus increasing the required safe 

escape time (RSET) for people and decreasing the fire fatalities.” pinfa understands 

that the main conclusion of this initial literature study is the lack of directly applicable 

scientific publications, and therefore intends to pursue this question with further data 

collection, stakeholder consultation and/or testing. 

“Study 1901/01/166 – How PIN FRs affect gas and soot toxicity of smoke in case of fire? 
Review of the literature”, 140 pages, C.R.E.P.I.M (Centre de Recherche et d’Etudes sur les 
Procédés d’Ignifugation des Matériaux), 28th April 2017. The study will be presented by 
CREPIM at the AMI Fire Resistance in Plastics, 5-7 December, Köln 
https://www.ami.international/events/event?Code=C847  

Nordic Fire and Safety Days 

The Nordic Fire and Safety Days, Copenhagen 17-18 August 2017, organised by 

RISE, brought together 165 participants in Aalborg, Denmark. The conference saw 

discussion on the use of flame retardants. Some participants were against the use of 

FRs without taking in account the fire safety aspect, whereas others presented the 

positive impact of FRs on fire safety and mentioned the existence of FRs usable in all 

type of combustible materials which are registered and not identified as potentially 

problematic under REACH. Presentations relevant to flame retardants included a call 

by Katleen Almand, Vice-President of the US National Fire Protection Association 

(NFPA) to engage debate on how fire safety contributes to tomorrow’s sustainable 

society, including how to address the fire safety challenges posed by energy efficient 

buildings (insulation materials, air-tight construction). Frederik Nystedy, Briab 

Sweden, discussed fire safety questions around the use of wood in tall buildings. B. 

Beit, Research Council of Norway presented a new 32 million € research initiative 

into fire safety, funded by a donation from the Gjensidige Foundation, and which will 

address a range of issues including fire prevention and health questions. Peter Bach 

Gummesen, Technical University of Denmark, presented statistics from Denmark 

showing that around a quarter of residential fire fatalities occurred in care homes and 

similar, whereas these home represent only 1.5% of the population, showing a high 

fire death risk for care homes. A number of other papers addressed the significantly 

higher fire risk faced by people of poor health, elderly or disabled. The event included 

brokerage meetings to develop projects on car park fires and modern building fires. 

Nordic Fire & Safety Days 2017 http://www.conferencemanager.dk/NFSD2017/nordic-fire-
safety-days-2017.html  and Brandposten n°56 
https://www.sp.se/en/units/risesafe/safety/fire/brandposten/Sidor/default.aspx  
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Thermal performance for Bosch car cooling systems 

Lanxess thermally conductive PIN FR polyamide has been chosen by SFS Intec 

GmbH for components of Robert Bosch GmbH fan modules in cooling systems for 

several international car companies. The thermal conductivity ensures that heat from 

the motor and electronics of the fan module is evacuated. The PIN FR material also 

offers high electrical insulation and tight dimensional tolerance and ageing under 

heat conditions, necessary in such applications. Excellent polymer flowability 

ensures that melt pressure during component production by injection molding does 

not cause deformation of electronic contacts which are integrated into the modular 

fan flange systems. The PIN FR formulation ensures absence of halides, so avoiding 

risk of corrosion of copper electrical contacts and metal attachments. 

“Modular flange made of thermally conductive polyamide 6 for fan module in car interior 
ventilation system. Cost-efficient high-performance materials. LANXESS alternatives to 
polyamides with boron nitride or aluminum oxide filling. Expanding the range of thermally 
conductive materials” Lanxess press release 

High performance, low smoke PIN FR resin 

AOC, Collierville, TN, USA, has launched a new resin system for interior mass transit 

components. The PIN FR resin offers excellent handling and curing, and enables 

higher fibreglass content, with gains in lower density and increased strength. 

Requirements for mass transit applications in Europe, North America and Asia are 

achieved including: EN 45545 (HL2) European rail standard, SMP 800-C toxic gas 

generation standard, ASTM E662 optical smoke density and ASTM E 162 surface 

flammability. AOC is a leading global supplier of resins, gel coats, colourings, 

additives and synergists, established in 1994 as Alpha Owens Corning. 

Firepel® K140-MTI “Advances fire retardant and low smoke resin technology”, AOC 2017 
http://www.aoc-resins.com/news_firepel_k140_mti_release.html  

PBDEs “presumed hazard” to intelligence 

The US National Academy of Sciences has published a systematic review of 

epidemiology (human data) and animal studies of the brominated flame retardant 

family PBDEs (polybrominated diphenyl ethers), stating that “sufficient evidence 

shows PBDEs are a presumed hazard to humans with respect to intelligence”. The 

report specifically assessed BDE-47 (a tetra PBDE), based on six rodent studies and 

on a review of human data by Lam et al. 2017, considered as “fulfilling the 

requirements of a systematic review”. This review assesses 15 studies relating 

human developmental exposure to any PBDE(s) to intelligence or attention-related 

behaviour. The Academy found a “moderate” level of evidence that exposure to 

BDE-47 is associated with decreases in learning in rodents and in IQ in humans, 

noting that a hazard can be “presumed” but that current methods might not be able to 

predict exposure levels at which humans are affected. 

“Application of Systematic Review Methods in an Overall Strategy for Evaluating Low-Dose 
Toxicity from Endocrine Active Chemicals”, US National Academy of Sciences, 2017, 180 
pages https://www.nap.edu/catalog/24758/application-of-systematic-review-methods-in-an-
overall-strategy-for-evaluating-low-dose-toxicity-from-endocrine-active-chemicals  

“Developmental PBDE Exposure and IQ/ADHD in Childhood: A Systematic Review and Meta-
analysis”, J. Lam et al., Environmental Health Perspectives 2017 
http://dx.doi.org/10.1289/EHP1632  
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Polyplastics PIN FR performance PBT resin 

Japan based engineering polymer specialist Polyplastics, founded 1964, offers PIN 

flame retardant PBT resins (polybutylene terephthalate), adapted for performance 

applications in electronics and automotive. The non-halogenated flame retardant 

DURANEX® PBT NF Series also offers considerably improved tracking resistance, 

enabling design flexibility because of shorter creepage distances between terminals 

in electrical components. Polyplastics presents the material as UL94 flammability V-0 

class at 0%, 10%, 15%, 20% or 30% glass fibre content. 

Polyplastics PBT NF-Series: https://www.polyplastics.com/en/docs/lp/201703_01/index.vm 

DOPO shows lower fish toxicity than legacy FRs 

Toxicity to fish embryos was compared between two halogenated legacy FRs 

(TDCPP, TBBPA) and the next generation PIN FR DOPO (9,10-Dihydro-9-oxa-10-

phosphaphenanthrene 10-oxide). DOPO showed lower toxicity to zebra fish embryos 

(96h) both when single chemicals were tested and when mixtures were tested. The 

authors conclude that these results suggest that DOPO is a suitable substitute for 

halogenated FRs. 

“Acute mixture toxicity of halogenated chemicals and their next generation counterparts on 
zebrafish embryos”, A. Godfrey et al., Chemosphere 181 (2017) 710e712 
http://dx.doi.org/10.1016/j.chemosphere.2017.04.146  

Fire toxicity: an essential issue 

A 12-page review of fire toxicity by Anna Stec (University of Central Lancashire, UK) 

underlines that fire smoke toxicity is a critical question for public health, for fire safety 

and for fire fighter health. Dr. Stec indicates that polymers not containing halogens or 

nitrogen show low smoke toxicity in well ventilated conditions, but all materials emit 

higher smoke toxicity in under-ventilated conditions, which rapidly occur for fires in 

buildings or other enclosed spaces. She considers that carbon monoxide is often the 

most immediately dangerous gas in smoke (acute toxicity) but that in some cases 

HCl and HCN can also be deadly. The review suggests that 10% of total atmospheric 

PAH (polycyclic aromatic hydrocarbon) and particulate emissions come from 

unwanted fire incidents, alongside transport and heating (this is based on two late 

1990’s SP Sweden studies). The author notes that gas phase flame retardants are 

effective in slowing fire development, so preventing fires from spreading and limiting 

the quantities of material burnt, but that they can increase smoke toxicity because 

they increase emissions of incomplete combustion products, or might increase heat 

through radiance effects of soot particles. She further suggests that char forming PIN 

FRs can reduce toxic smoke emissions, by preventing emissions of volatiles from the 

polymer, and because by doing this they will effectively increase the fire ventilation 

coefficient.  

pinfa does not disagree with this study’s overall conclusions but has submitted 

comments noting that some of the review’s claims are based on extrapolation from 

one particular case or lack supporting data, and that further research is needed 

before drawing conclusions. In particular, pinfa considers that the study’s conclusions 

concerning the relative increase in fire toxicity injuries compared to total fire fatalities 
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does not appear to be justified by the data presented. pinfa considers that further 

research is needed to underpin the statements made on how different flame 

retardants effect smoke emissions and smoke toxicity 

“Fire toxicity – The elephant in the room?”, A. Stec, Fire Safety Journal, 2017  
http://dx.doi.org/10.1016/j.firesaf.2017.05.003  

Analysis of home fire deaths, Poland 

In a second article, Anna Stec and others present analysis of 263 home fire deaths in 

the Mazowieckie region of Poland (Warsaw and area) 2003-2011. Statistics 

presented suggest that although the fire death rate (per million population) in Poland 

has been fairly constant 2000 – 2014, the rate of fire injuries has significantly 

increased. This analysis shows that 70% of victims in these fires had consumed 

alcohol. One quarter of the victims were found close to upholstered furniture or 

bedding: the authors suggest that smoke from such items is a factor preventing 

escape. Analysis of %COHb (level of blood carboxyhaemoglobin, an indicator of 

cumulative carbon monoxide inhalation before death) and of burns suggests that 

around 1/3 of the fire victims were killed rapidly by burns (low %COHb). Around 15% 

of victims (somewhat higher %COHb) are likely to have died as a result of smoke 

and incapacitation preventing escape. For the remaining c. 50% of victims (high 

%COHb), the main cause of death is likely to have been exposure to carbon 

monoxide and/or other toxic smoke gases. The authors conclude that exposure to 

smoke toxicity probably caused incapacitation, leading to subsequent death, in 70-

80% of cases. The authors also compare the %COHb figures for the victims with 

other data for CO (carbon monoxide) poisoning from e.g. defective heating systems, 

so deducing that other asphyxiant gases played an important role in fire fatality. 

pinfa comments that although this study shows a significant number of victims found 

close to upholstered furniture and impacted by smoke toxicity, this does not prove a 

causal link between upholstered furniture, smoke toxicity and impeded escape. 

Upholstered furniture items are present today in most rooms in homes and furniture 

is generally not flame-retardant in Poland. The alcohol consumption (70% of the fire 

victims) probably also played a role in impeding escape. 

“Analysis of Fire Deaths in Poland and Influence of Smoke Toxicity”, J. Giebultowicz, M. 
Ruzycka, P. Wroczynski, D. Purser, A. Stec, Forensic Science International 2017 
http://dx.doi.org/doi:10.1016/j.forsciint.2017.05.018  

Zeolite PIN smoke suppressant for wood 

Four different zeolites (aluminium silicate crystals) were tested with the intumescent 

PIN flame retardant melamine-urea-formaldehyde resin, on 10 mm poplar board. 

Different zeolites showed varying capacity to suppress smoke emission (probably by 

absorption of toxic gases into the crystal lattice, depending on pore size and crystal 

structure flexibility) and to accentuate delay to peak heat release (possibly by 

degradation of zeolite to silica on and aluminium oxides which improve cross-linking 

in the char layer). The authors conclude that low levels of X-type zeolite (1% in resin) 

can significantly reduce smoke emission and that type A and type X zeolites could be 

advantageously used together. 

“Synergistic flame retardant effects of different zeolites on the intumescent fire retardant 
coating for wood”, J. Wu et al., Bio-Resources 12(3) 5369-5392, 2017 
http://ojs.cnr.ncsu.edu/index.php/BioRes/article/viewFile/BioRes_12_3_5369_Wu_Synergistic_
Flame_Retardant_Effects/5357  
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Metal - phosphorus reduces heat and smoke 

Layered metal phenyl phosphinates (PP) with nickel, cobalt, copper and iron were 

produced by precipitation in aqueous solution. 2% loading of these compounds were 

2D-layered into polystyrene by melt mixing. Copper-PP achieved the greatest 

reduction in PHR (-35%). Gramm-Schmidt absorbance curves show that the layered 

metal PPs reduce emissions of volatile organic compounds (VOCs) in smoke, again 

with copper-PP being the most effective in reducing VOCs emissions. The authors 

suggest this smoke toxicity reduction effect results both from char residues blocking 

release and from a catalytic effect leading to carbonisation of VOCs. 

“Two-dimensional metal phenylphosphonates as novel flame retardants for polystyrene”, J. 
Wang et al., Ind. Eng. Chem. Res. (I&EC), 2017, 56 (25), pp 7192–7206 
http://dx.doi.org/10.1021/acs.iecr.7b00858  

PIN FR and smoke suppressant for polyurethane 

The standard PIN FR ammonium polyphosphate (APP) was reacted with 

ethanolamine (a carbon-nitrogen molecule whose derivatives are widespread in 

nature, e.g. in phospholipids) by mixing at 90°C. The resulting APP-ETA was tested 

in thermoplastic polyurethane (TPU) at 6-13-19% and compared to APP at 13% 

loading. Smoke density tests (SDT) showed that smoke emission was significantly 

lower when APP was added to TPU (light transmission increased from near 0 to 10-

50%) and even lower with APP-ETA.  Total smoke release (TSR) was around half 

neat TPU with APP, and around half again with APP-ETA.  Peak heat release was 

reduced to around one fifth with APP and around one 10th with APP-ETA. The 

authors conclude that APP-ETA is an effective flame retardant and a very effective 

smoke suppressor in polyurethane. They suggest that this is because it increases the 

thermal stability of the polymer and probably also (by its carbon content) improves 

the structure of char generated by APP. 

“Preparation and properties of an efficient smoke suppressant and flame-retardant agent for 
thermoplastic polyurethane”, C. Jiao et al., Polymers Advanced Technology 2017 
http://dx.doi.org/10.1002/pat.4041  

Copper and PIN FR system for low smoke 

Combinations of cuprous oxide (Cu2O) and modified ammonium APP (EDA-APP 

ethanediamine ammonium polyphosphate) were tested as PIN flame retardant 

systems in epoxy/polyamide resin. The load of EDA-APP was 16-21% with 0-4% 

cuprous oxide. UL94-V0 (3.2mm) was achieved with 21% EDA-APP or 16.3% EDA-

APP plus 1.7% cuprous oxide, whereas 25% APP was needed to achieve this. The 

cuprous oxide showed to be effective in reducing smoke production rate, total smoke 

production and carbon monoxide (toxic gas) production, both in neat resin without 

flame retardant, and in combination with EDA-APP (PIN FR). The use of the PIN 

flame retardant plus cuprous oxide reduced both smoke and carbon monoxide 

emissions by a factor of around three, compared to neat resin. Analysis suggests 

that this is due to the synergistic and catalytic effects of cuprous oxide in accelerating 

char formation and improving the char structure. 

“The synergistic effect of cuprous oxide on an intumescent flame-retardant epoxy resin 
system”, M-J. Chen et al., RSC Advances, issue 57, 2017 
http://dx.doi.org/10.1039/C7RA05482C  
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Röchling low smoke, low toxicity materials for railways 

Röchling Engineering Plastics, Haren, Germany, has launched two new PIN flame 

retardant plastics certified to the EU railway standard EN 45545-2. Using non 

halogenated flame retardants, enables to both achieve demanding fire safety 

requirements (self-extinguishing, UL94-V0 3 mm) and low smoke and low toxic 

gases in case of fire (R11 hazard level HL3). Durostone® UPM S13 LST is a glass-

fibre reinforced unsaturated polyester resin and Polystone® MK FL is a thermoplastic 

polyester. Both offer low density (for lightweight components) and high strength, as 

well as electrical material performance characteristics. These PIN FR plastics add to 

Röchling’s range of railway standard compatible materials which include 

SUSTAMID6 FR and MAYWOflamm®. 

https://www.roechling.com/news-roechling-group/news-detail-view/news/new-flame-resistant-
plastics-for-railway-engineering/ 

N-P cotton fire retardancy with reduced volatiles 

A simple method enabled production of a novel nitrogen phosphorus salt from 

ethylene glycol, phosphoric acid and urea, without solvent, generating AEGDP 

(ammonium ethyl glycol diphosphoric acid). This was applied to cotton fabric 

(133 g/m2) by aqueous immersion, padding and rinsing, with dicyandiamide catalyst. 

Treated cotton showed 96% lower peak heat release, was self-extinguishing and 

gave significantly lower emissions of flammable volatile gases during fire tests 

(hydrocarbons, carbonyls, ethers). These effects are identified as resulting from char 

was progressively reduced after washing but remained significant after 30-50 laundry 

cycles. The treatment showed no significant effect on serviceability of the fabric. 

“Facile synthesis of an eco-friendly nitrogen–phosphorus ammonium salt to enhance the 
durability and flame retardancy of cotton”, Y. Jia, et al., J Materials Chemistry A, issue 20, 
2017 http://dx.doi.org/10.1039/c7ta01106g  

Novel phosphoramidate PIN FR for cotton 

A novel phosphorus – nitrogen chemistry PIN flame retardant was synthesised in a 

two-stage reaction from NPG (neopentylglycol): the phosphoramidate DPDA 2,2-

dimethyl-1,3-propanediol-N,N-bis(2-hydroxyethyl). Woven cotton (184 g/m2) was 

treated by soaking in DPDA solution for one hour, adding, drying and curing at 

hundred and 170°C, resulting in up to 25% add on weight DPDA. The PIN FR 

achieved around 50% reduction of PHR (peak heat release) and nearly 50% 

increase in LOI (limiting oxygen index), with self extinguishing and flame spread 

limited to 10 mm/s in a vertical burn test (vs. burn out for untreated cotton). TG-FTIR 

showed lower flammable volatile gas emissions from the treated cotton. The authors 

suggest that fire performance results from compact phosphorus rich char residue 

formation. 

“A novel phosphoramidate and its application on cotton fabrics: Synthesis, flammability and 
thermal degradation”, B. Zhao et al., J. Analytical and Applied Pyrolysis 2017 
http://dx.doi.org/10.1016/j.jaap.2017.04.011  

Copper PIN synergist reduces smoke toxicity 

Cuprous oxide (Cu2O) with particle size 10, 100 or 200 nm was tested in unsaturated 

polyester resin. The cuprous oxide shows to catalyse decomposition of oxygen -

containing compounds, so reducing the toxicity of smoke and fire gases, in particular 

mailto:pinfa@cefic.be
http://www.pinfa.org/
https://twitter.com/@pinfa_eu
https://www.roechling.com/news-roechling-group/news-detail-view/news/new-flame-resistant-plastics-for-railway-engineering/
https://www.roechling.com/news-roechling-group/news-detail-view/news/new-flame-resistant-plastics-for-railway-engineering/
http://dx.doi.org/10.1039/c7ta01106g
http://dx.doi.org/10.1016/j.jaap.2017.04.011
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catalysing conversion of carbon monoxide to carbon dioxide. Smaller particle size 

Cu2O shows to be more effective for this catalysis, but can thus also accelerate 

breakdown of the polymer and so burning, whereas larger particle size Cu2O 

improves fire performance by char generation. These results confirm the potential 

use of this metal oxide is a smoke toxicity reducing catalyst for PIN FRs. 

“Effect of cuprous oxide with different sizes on thermal and combustion behaviors of 
unsaturated polyester resin”, Y. Hou et al., J Hazardous Materials 334 (2017) 39–48 
http://dx.doi.org/10.1016/j.jhazmat.2017.03.051  

PIN smoke suppressants for polystyrene 

Complex PIN flame retardant’s were experimentally synthesised and tested for fire 

performance, smoke production rate and release of flammable aromatic compounds 

in polystyrene at 0-4%. The PIN FRs were reaction products of organic aluminium 

hypophosphites (AHPi) with graphitic carbon nitride. Heat release rate was reduced 

by 28% and smoke release rate by up to 22%. Gram-Schmidt curves show that the 

PIN FRs reduced the release of pyrolysis products in burning and reduced total 

evolved gases. The authors suggest that these effects result from both release of 

phosphorus compounds from the PIN FR are in fire, which scavenge free radicals 

reducing flammable gas emissions, and char generation, resulting in a physical 

barrier. 

“Graphitic carbon nitride/phosphorus-rich aluminum phosphinate hybrids as smoke 
suppressants and flame retardants for polystyrene”, Y. Shi et al., J. Hazardous Materials 332 
(2017) 87–96 https://doi.org/10.1016/j.jhazmat.2017.03.006  

Evonik proposes railway standard PIN polyamide 

Speciality chemicals company, Evonik (see pinfa Newsletter n°s 39, 51, 76, 80), has 

launched a new PIN flame retardant polyamide (PA12) with low smoke toxicity and 

low smoke density, conform to the new EU railway fire safety standard EN 45545. 

The compound offers resistance against dynamic stress and impact, including at low 

temperatures. Applications include cables and cable conduits in rail and mass transit 

and in other sectors where demanding fire performance and low smoke emissions 

are important. 

“Evonik’s VESTAMID® satisfy the stringent new EN 45545 fire protection standard”, 2 May 
2017 http://www.vestamid.com/product/vestamid/en/about/downloads/press-
releases/pages/news-details.aspx?newsid=67234 

Other News 

Chemicals in pushchairs: the Danish Consumer Council has published results of 

analysis of 11 pushchairs, indicating that halogenated flame retardants were found 

in 7 out of 11 models tested (chlorinated paraffins in 6 and TCPP in 1). This is 

despite TCPP being banned in toys for children in the EU. 

“Pushchairs: These problematic chemicals were found in test”, Forbrugerrådet Tænk Kemi, 3rd 
August 2017 http://kemi.taenk.dk/bliv-groennere/pushchairs-these-problematic-chemicals-
were-found-test  
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