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COMBUSTION

OXIDATION CHEMICAL REACTION
Development:  HEAT

FLAMES        
SMOKE AND GAS

RADICAL REACTION
Oxigen is used by H• for radical 
chain degradation:

H• + O2 → OH• + O•
CO + OH• → CO2 + H•  
More it goes on, the more radilcals are 
formed.

STEPS OF COMBUSTION:
INITIAL HEATING OF THE POLYMER
DECOMPOSITION
CREATION OF FLAMMEBLE GASES 
COMBUSTION
PROPAGATION



LOI: Limiting Oxigen Index

Oxigen Index(% O2)Polymer

17.3PMMA

17.5PP

17.8PS

18.2Paper

18.8ABS

20.0PET

24.3NORYL

24.3PA 6,6

24.9PC

30.0Polifenilen ossido

38.0Polisolfone

40.3PVC

95.0PTFE

It is the minimum oxygen percentage needed to make a polymer burning

It only takes one spark to 
have the polymer burning.



FLAME RETARDANTS ACTION

COMBUSTION STEPACTIONACTION WAYMECHANISM
Slow down pyrolysis
Ignition point increases

Cooling down by water 
development

PHISYCALWATER 
DEVELOPMENT

Breaking down of radical chain
degradation

Development of not-
flammable gases

CHEMICALGAS PHASE

Slow down pyrolysis
Slow down heat exchange

Cooling
Char formation

CHEM/PHISCHAR

Slow down pyrolysis
Slow down heat exchange

Raffreddamento
Formazione strato 
carbonioso rigonfiato

CHEM/PHISINTUMESCENT

Slow down pyrolysisScissione catena 
polimerica

CHEMICALDRIPPING

There are different types of flame-retardant mechanisms with we can try to inhibit, or it’s 

better to say delay, the combustion process.



1) WATER DEVELOPMENT MECHANISM 

PHISYCAL MECHANISM IN 
CONDENSED PHASE AND 
GAS PHASE

www.cefic-efra.com

Cooling down 
Diluition of oxigen, LOI decreasing

This is a physical mechanism because during 
the reaction the water is released and dilutes 
the oxygen present in the air and in this way 
we have a lower % of oxygen compared to 
the % necessary to have combustion process.



2) GAS PHASE MECHANISM- brominated

Gas phase radical Br mechanism
Example:

Br-FR + Sb2O3

Flame retardant with Sb2O3
Sb2O3 + 6HBr    2SbBr3 + 3 H2O
SbBr3 + H•        SbBr2 + HBr
SbBr2 + H•        SbBr + HBr
SbBr + H•        Sb           + HBr
Sb           + O•        SbO•
Sb O•     + H•        SbOH
SbOH + H•        SbO•       + H2

Br Flame retardant action
HBr + OH•       → H2O       + Br•
HBr + •O• →  OH• + Br•
HBr + H•         H2 + Br•
HBr + RCH2•   RCH3 + Br•
RBr OH•     + Br•

Hydrocarbons burning
CO     + OH•  → CO2 + H• 
RCH3 + OH•  → RCH2•  + H2O
RCH2• + O2 → RCHO   + OH• 
H• + O2 → OH•     + •O• 

This mechanism occurs mainly with brominated products. In this case, the
products act in the gas phase. Brominated flame retardants, with help of
antimony trioxide, generate HBr and radicals, which block radical chain
degradation of polymer during fire.
HBr developed, diluite also oxigen and ihnibits fire.



2a) GAS PHASE MECHANISM - Phosphorus

P Flame retardant action in gas phase

PO•  + H•   HPO
PO•  + OH• → HPO2

HPO• + H• →  H2 + PO•
OH• + H2 +PO• H2O + HPO

HPO2• + H• →  H2O+ PO•
HPO2• + H• →  H2+ PO2

HPO2• + OH• →  H2O+ PO2

Not all P molecules are able to react in the gas 
phase.
Suitable P compounds must be volatile during
polymer pyrolysis.
In addition to this, ability of P to act in gas phase
is higher, as lower is the oxidation number.

Pred > Phosphinate > Phosphonate > Phosphate

Gas phase mechanism is also possible with phosphorous products but, in this case, the 
ability to forms radicals depends on the oxidation state of phosphorous.  



3) CHAR CONDENSED PHASE MECHANISM

CHEMICAL AND PHYSICAL REACTION IN SOLID PHASE
Polymer char, who ihnibits pyrolisis and reduce 
oxigen flux to fresh polymer.
P based products dehydrates polymer and create 
char layers. 

Char mechanism consists in the creation of a surface crust on the polymer. 
These FR are mainly P-based and the polymers involed are mainly those that have
heteroathoms present (not PO). 



4) INTUMESCENT MECHANISM

CHEMICAL ACTION

SOLID PHASE REACTION
Dehydratation and degradation of polymer
with char formation.
Protective layer swelling.

GAS PHASE ACTION
Not flammable gas formation.

Example of reactive system:
CHARING AGENT
P BASED INORGANIC ACID
N BASED FOAMING AGENT

Melamine develps ammonia which causes the crust to swell .

It create superficial layer that protecst the polymer from the oxigen attack. 
The difference between char mechanism is that with intumescent system we have more thick layer
and this is due to the expanding substances present within the FR. 



5) DRIPPING/CHAIN SCISSION MECHANISM
Flame retardant, after heating, generates active radicals, which cut polymer chains, 
making the polymer from solid to liquid that tends to move away causing the drip. 
It is an endothermic reaction and it can only be used to passing mild tests (unlike
previous mechanism). 



- MINUS+ PLUSMECHANISM

• HIGH DOSAGE

• EXTREMELY POOR MECHANICAL CARACTHERISTICS

• HUMAN AND ENVIROMENTAL FRIENDLY

• COST

• AVAILABILTY

WATER DEVELOPMENT

• ENVIROMENTAL AND HEALTY PROBLEMS BECAUSE 

OF BROMINE AND ANTIMONY TRIOXIDE.

• LOW DOSAGE

• LOW COST

• GOOD MECHANICS OF POLYMER

• AVAILABILITY

GAS-PHASE

• THEY DON’T WORK WELL FOR ALL POLYMERS

• HIGH DOSAGE LEVEL

• POOR MECHANICALS

• THERMAL STABILITY

• HIGHLY IGROSCOPIC

• DIFFICULT WORKING

• P CONTENT

• HALOGEN FREE

• COST, BUT NOT ALWAYS
CHAR

• THEY DON’T WORK WELL FOR ALL POLYMERS

• HIGH DOSAGE LEVEL

• POOR MECHANICALS

• THERMAL STABILITY

• HIGHLY IGROSCOPIC

• DIFFICULT WORKING

• P CONTENT

• HALOGEN FREEINTUMESCENT

• IT WORKS ONLY WITH CERTAIN POLYMERS

• ACTIVE MOLECULES FOR THIS MECHANISM ARE 

NORMALLY POOR THERMAL STABLE.

• VERY LOW DOSAGE

• COST

• MANTEINE GOOD MECHANICAL 

PROPERTIES 

• WORKS WELL ALSO WITHOUT ATO

DRIPPING



POLYETHYLENE

17PE

18ABS

24PA

27PC

95PTFE

LOI

BAD FLAME RETARDANT RESISTANCELOW LOI

ALL FLAMABLE GASESNO N AND O IN CHAIN

WIDE RANGE OF FRLOW PROC. TEMP. 100°C-150°C

BAD CHARNO PRESENCE OF N AND O

DRIPPINGRADICAL POLYMERIZATION

VERY BADCROSS-LINKING ABILITY

CONSEGUENZECARATTERISTICHE

Polyethylene is a polymer formed by 
the ethylene monomer and has a very 
low LOI, so it burnes very easily. 
It doesn’t contain heteroatoms; if it 
catches fire, it releases very flammable 
gaseous substances (such as ethane) 
and it doesn’t have a great tendency to 
form char.



POLYETHYLENE

MECHANISM-+TESTWHAT

WATER DEVELOPEMENTHIGH DOSAGE
NO HEALTHY AND 
ENVIROMENTAL 
PROBLEMS

-METAL HYDROXIDEOLD
TECH

GAS-PHASE
KILLED FOR HEALTHY 
AND ENVIROMENTAL
PROBLEMS

LOW DOSAGE
LOW COSTUL94 V0DECA-OXIDE/ Sb2O3 

(ZnBO3)
OLD
TECH

GAS-PHASE
BROMINE
ANTIMONY
POOR THERMAL 
STABILITY

LOW DOSAGE
LOW COST
GOOD COLOR

UL94 V0DECA ETHANE
/Sb2O3 (ZnBO3)

TODAY

GAS-PHASE
COST
BROMINE
ANTIMONY

LOW DOSAGE
LOW COST
GOOD DISPERSION
GOOD MECHANICAL 
PROPERTIES
GOOD COLOR

UL94 V0
GC BT67/Sb2O3
(ZnBO3)TODAY

GAS PHASERED COLOR
EXPLOSIVE

LOW COST
HALOGEN FREE
LOW DOSAGE

UL 94 V0P redTODAY

INTUMESCENT

DISPERSION *
HEAT STABILITY
DOSAGE
PROCESSABILITY
MECHANICA 
PROPERTIES

HALOGEN FREE
WHITE COLORUL94 V0GC PP HF 200

GC PP HF 1000
TODAY

DRIPPINGHIGH COST
LOW DOSAGE
HALOGEN FREEUL94 V2NOR HALS 116

GC D HF 40
TODAY



POLYPROPYLENE

17PP

18ABS

24PA

27PC

17PE

LOI

BAD FLAME RETARDANT RESISTANCELOW LOI

ALL FLAMABLE GASESNO N AND O IN CHAIN

WIDE RANGE OF FRLOW PROC. TEMP. 200°C-250°C

BAD CHARNO PRESENCE OF N AND O

DRIPPINGRADICAL POLYMERIZATION / ZIEGLER NATTA

VERY BADCROSS-LINKING ABILITY

CONSEGUENZECARATTERISTICHE

Polypropylene is very similar to 
polyethylene.
The LOI is equal so it will burn very 
easily; It doesn’t contain heteroatoms 
and in case of combustion it cannot 
create the surface layer on its own. 



POLYPROPYLENE
MECHANISM-+TESTWHAT

WATER DEVELOPEMENTHIGH DOSAGE
NO HEALTHY AND 
ENVIROMENTAL 
PROBLEMS

-METAL HYDROXIDEOLD
TECH

GAS-PHASE
KILLED FOR HEALTHY 
AND ENVIROMENTAL
PROBLEMS

LOW DOSAGE
LOW COSTUL 94 V0DECA-OXIDE/ Sb2O3 

(ZnBO3)
OLD
TECH

GAS-PHASE
BROMINE
ANTIMONY

LOW DOSAGE
LOW COST
GOOD COLOR

UL 94 V0DECA ETHANE
/Sb2O3 (ZnBO3)

TODAY

GAS-PHASE
DRIPPING

COST
BROMINE
ANTIMONY

LOW DOSAGE
LOW COST
GOOD DISPERSION
GOOD MECHANICAL 
PROPERTIES
GOOD COLOR

UL 94 V0
UL 94 V2

GC BDDP 68/Sb2O3
(ZnBO3)TODAY

GAS-PHASERED COLOR
EXPLOSIVE

LOW COST
HALOGEN FREE
LOW DOSAGE

UL 94 V0P redTODAY

INTUMESCENT

DISPERSION *
HEAT STABILITY
DOSAGE
PROCESSABILITY
MECHANICAL 
PROPERTIES

HALOGEN FREE
WHITE COLORUL 94 V0GC PP HF 200

GC PP HF 1000
TODAY

DRIPPINGLOW COST
ONLY VERGIN PP

LOW DOSAGE
HALOGEN FREEUL 94 V2GC DRIPP HF 70

GC D HF 40
TODAY



GC PP HF 1000
HALOGEN FREE FLAME RETARDANT

Physico-Chemical Properties

GC PP HF 1000 is an environmentally friendly 

halogen free flame retardant based on 

phosphorus and nitrogen. Fire retardant 

properties are based on an intumescent system. 

GC PP HF 1000 is particularly suitable for 

applications in PP and PE products. GC PP HF 

1000 has good flame retardant effect, low 

smoke, good dispersibility, and small influence 

on the mechanical properties.

GC PP HF 1000 does not contain heavy metals 

and any anti-dripping agent.



GC PP HF 200
HALOGEN FREE FLAME RETARDANT

Physico-Chemical Properties

GC PP HF 200 is a flame retardant based on 

phosphorus and nitrogen and the fire retardant 

properties are based on an intumescent system. 

GC PP HF 200 is used in PP homopolymers and 

copolymers, but also in PP modified with 

elastomers and all density PE. 

GC PP HF 200 has high thermal stability, has 

excellent processability in extrusion and injection 

moulding and allows to have a very low alteration 

of the physical-chemical properties of compounds. 

GC PP HF 200 formulation is free of corrosion 

problems.

Target ValueUnitTest Item

White powder--Apparence

~ 0.790g/cm3Bulk Density 

~10μmAverage particle size

~ 22% (w/w)Nitrogen content

~ 21.5% (w/w)Phosphorous content

280-290°C°CDecomposition Temp.

Max 0.5% ( w/w )Water content



GC DPE 81+ Sb2O3 UL 94 V0 HALOGEN + Sb 20% 7-8 €/kg

GC PP HF 1000 UL 94 V0 HALOGEN FREE 27% ~ 5,00 €/kg

GC BDDP 68+ Sb2O3 UL 94 V2 HALOGEN + Sb 4% 7-8 €/kg

GC DRIPP HF 70 UL 94 V2 LOW HALOGEN 2% 8-9 €/kg

EXAMPLE OF FLAME RETARDANT FORMULATIONS FOR PP 



PP HF 1000 – V0 SOLUTION - 3.2 mm

FIRE TEST DEMOSTRATIONS FOR PP 

We can see intumescent
mechanism: when we approach the 
flame, the crust forms. The crusting
on the polymer that immediately
blocks the combustion reaction 
once the flame is driven away. 



FIRE TEST DEMOSTRATIONS FOR PP

DRIPP HF 70 – V2 SOLUTION - 1.6 mm

In this case we can see the 
dripping mechanism: the flame
retardant cuts the polymers
chain and the product drips, but
the flame goes out very quickly
when the heat sourse moves
away. 



PP V0 HALOGEN FREE = PP + 27 % PP HF 1000 with and without stabilization

PP V0 
(we use GC PP HF 1000)

PP V0 WITH 
STABILIZATION PACKAGE 

(we use GC PP HF 1000 + 
MB PO POX 20-4)

1 
h

4 
h

3
h

2 
h

Compound has been kept at 200 °C for different time.

THERMAL STABILIZATION



Compound has been kept at 200 °C for different time.

1 
h

2 
h

3 
h

4
h

PP V2 
(we use GC DRIPP HF 70)

PP V2 WITH 
STABILIZATION 

PACKAGE 
(we use GC DRIPP HF 70 + 

MB PO POX 20-4)

PP V2 HALOGEN FREE = PP + 2% GC DRIPP HF 70 with and without stabilization

THERMAL STABILIZATION



CONCLUSIONS

The use of flame 
retardants is essential for 

our safety 

Combining flame 
retardants with stabilizers 

is equally important 

As GC, we can offer different 
solutions for PO going to 
analyze customer needs  

The world is changing, 

not always the cheapest 
solutions are halogenated. 

Maybe…. the time for a 
change has come!
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