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OXIDATION CHEMICAL REACTION

Development: HEAT
FLAMES
SMOKE AND GAS

STEPS OF COMBUSTION:
INITIAL HEATING OF THE POLYMER
DECOMPOSITION

CREATION OF FLAMMEBLE GASES
COMBUSTION

PROPAGATION

RADICAL REACTION
Oxigen is used by He for radical
chain degradation:

He + O, > OHe + Oe

CO + OHe - CO, + He

More it goes on, the more radilcals are
formed.
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LOI: Limiting Oxigen Index 35reenchemicc1ls

It is the minimum oxygen percentage needed to make a polymer burning THE RARTINER OB YOUR SROWTH
Polymer Oxigen Index(% O,)
PMMA 17.3
PP 17.5 ‘ It only takes one spark to
PS 17.8 have the polymer burning.
Paper 18.2
ABS 18.8
PET 20.0
NORYL 24.3
PA 6,6 24.3
PC 24.9
Polifenilen ossido 30.0
Polisolfone 38.0
PVC 40.3

PTFE 95.0
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FLAME RETARDANTS ACTION — - TN S 8

THE PARTNER FOR YOUR GROWTH

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

better to say delay, the combustion process.

WATER PHISYCAL Cooling down by water Slow down pyrolysis

DEVELOPMENT development Ignition point increases

GAS PHASE CHEMICAL Development of not- Breaking down of radical chain
flammable gases degradation

CHAR CHEM/PHIS Cooling Slow down pyrolysis
Char formation Slow down heat exchange

INTUMESCENT CHEM/PHIS Raffreddamento Slow down pyrolysis
Formazione strato Slow down heat exchange
carbonioso rigonfiato

DRIPPING CHEMICAL Scissione catena Slow down pyrolysis
polimerica

PR
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1) WATER DEVELOPMENT MECHANISM

Decomposition of metal hydrates

=i

PHISYCAL MECHANISM IN
CONDENSED PHASE AND
GAS PHASE

Cooling down
Diluition of oxigen, LOI decreasing

Enthalpy

P v T
150 250 350 450 550
Temperature [°C]

AlO;

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
PR we have a lower % of oxygen compared to
~dilution of burnable gases .

A the % necessary to have combustion process.

« Formation of an oxide iaw:r/
+ Rediuction of fire energy




2) GAS PHASE MECHANISM- brominated — - TN S 8

This mechanism occurs mainly with brominated products. In this case, the Ttk EARTINER FOR YRMR CROITH
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.

OR* o* co

co,

02 Gas phase radical Br mechanism

Example:
Br-FR + Sb,0,

Without Flarme retardant With halogenated Flame retardant
Hydrocarbons burning Br Flame retardant action Flame retardant with Sb,0,
CO +OHe ->CO, +He HBr + OHe  >H,0 +Bre Sb,0, +6HBr < 2SbBry +3H,0
RCH; + OHe - RCH,* +H,0 HBr + Qe - OHe +Bre SbBr; +He o SbBr, +HBr
RCH,® + 0, - RCHO +OHe HBr +He  ¢> H,  +Bre SbBr, +He © SbBr  +HBr
He + O, — OHe  + eQe HBr + RCH,» ¢> RCH; + Bre SbBr  + He o Sb + HBr
RBr <> OHe +Bre Sb + Qe o SbOe
+ He & SbOH
>

N/
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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.

P Flame retardant action in gas phase 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.

POe +He - HPO
POe + OHe - HPO,
HPQOe + He - H, + POe
OHe + H, +POe—> H,0 + HPO

HPO,e + He - H,O+ POe
HPO,e + He > H,+ PO,
HPO,e + OHe - H,0+ PO, Pred > Phosphinate > Phosphonate > Phosphate




3) CHAR CONDENSED PHASE MECHANISM ¢ ccrchemicals
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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).

>250 °C

(NH,PO.) (HPO.) CHEMICAL AND PHYSICAL REACTION IN SOLID PHASE
4 3'n 3n
-n NH, Polymer char, who ihnibits pyrolisis and reduce
o H oxigen flux to fresh polymer.
Bo —2 ¢ pii. — % o HRO. P based products dehydrates polymer and create

char layers.

(HPO,), + C(H,0),, —— ['C"],+ (HPO,).x mH,0

Combustion
volatiles...

Heat Heat

Oz

Polymer Protective layer

LdiLPY i



4) INTUMESCENT MECHANISM o eerchermicals

It create superficial layer that protecst the polymer from the oxigen attack. THiE EARTINER FOIR PR ERaIVTY
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.

Example of reactive system: CHEMICAL ACTION

CHARING AGENT SOLID PHASE REACTION

P BASED INORGANIC ACID Dehydratation and degradation of polymer
N BASED FOAMING AGENT with char formation.

Protective layer swelling.

GAS PHASE ACTION
Not flammable gas formation.

Agure 1/The inlumescencn effed

ca. 1 mem

The thickness of the intumsescent foam increases 10 to 100 fold that of the coigimally
applied coating and mswlstes the substrate by it low th | canductivity,




5) DRIPPING/CHAIN SCISSION MECHANISM =greenchemicals
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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).

|
wnnanes CHZ—ﬁfNH*é'CHZUVW _— «wv*(IHZ—lCl—NHZ + CHy=CHvwvwW*
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WATER DEVELOPM ENT HUMAN AND ENVIROMENTAL FRIENDLY * HIGH DOSAGE ' % S ey el

* COST e EXTREMELY POOR MECHANICAL CARACTHERISTICS
* AVAILABILTY

* LOWDOSAGE * ENVIROMENTAL AND HEALTY PROBLEMS BECAUSE
GAS_PHASE * LOWCOST OF BROMINE AND ANTIMONY TRIOXIDE.
* GOOD MECHANICS OF POLYMER
* AVAILABILITY
* HALOGEN FREE e THEYDON’T WORKWELL FOR ALL POLYMERS
C HAR » COST, BUTNOT ALWAYS * HIGH DOSAGE LEVEL
* POORMECHANICALS
* THERMALSTABILITY
* HIGHLY IGROSCOPIC
* DIFFICULT WORKING
* P CONTENT
* HALOGEN FREE e THEYDON’TWORKWELL FORALL POLYMERS
INTUMESCENT * HIGH DOSAGE LEVEL
* POORMECHANICALS
* THERMALSTABILITY
* HIGHLY IGROSCOPIC
* DIFFICULT WORKING
* P CONTENT
* VERYLOW DOSAGE e ITWORKS ONLY WITH CERTAIN POLYMERS
DRIPPING * COST e ACTIVEMOLECULES FOR THIS MECHANISM ARE
* MANTEINE GOOD MECHANICAL NORMALLY POOR THERMAL STABLE.

il
4 PROPERTIES
* WORKSWELL ALSO WITHOUT ATO
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POLYETHYLENE @ =eenchemicals
_ _ (Te])
PE 17 Polyethylene is a polymer formed by

the ethylene monomer and has a very

e & ¢ ¢ /2* /°“=“ ABS 18 low LOI, so it burnes very easily.
. / \%/ \%/ \CH/ \c,., \GH’ PA 24 It doesn’t contain heteroatoms; if it
™ catches fire, it releases very flammable
PC 27 gaseous substances (such as ethane)
PTFE 95 and it doesn’t have a great tendency to
- - form char.
CARATTERISTICHE CONSEGUENZE
LOW LOI BAD FLAME RETARDANT RESISTANCE
NO N AND O IN CHAIN ALL FLAMABLE GASES
LOW PROC. TEMP. 100°C-150°C WIDE RANGE OF FR
NO PRESENCE OF N AND O BAD CHAR
RADICAL POLYMERIZATION DRIPPING

VERY BAD




OLD
TECH

OoLD
TECH

TODAY

TODAY

TODAY

TODAY

METAL HYDROXIDE

DECA-OXIDE/ Sb203

(ZnBO3)

DECA ETHANE
/Sb203 (ZnBO3)

GC BT67/Sb203
(ZnBO3)

P red

GC PP HF 200
GC PP HF 1000

NOR HALS 116
GC D HF 40

POLYETHYLENE

UL94 Vo

UL94 vo

uUL94 vo

UL 94 VO

uL94 vo

UL94 V2

NO HEALTHY AND
ENVIROMENTAL
PROBLEMS

LOW DOSAGE
LOW COST

LOW DOSAGE
LOW COST
GOOD COLOR

LOW DOSAGE

LOW COST

GOOD DISPERSION
GOOD MECHANICAL
PROPERTIES

GOOD COLOR

LOW COST
HALOGEN FREE
LOW DOSAGE

HALOGEN FREE
WHITE COLOR

LOW DOSAGE
HALOGEN FREE

HIGH DOSAGE

KILLED FOR HEALTHY
AND ENVIROMENTAL
PROBLEMS

BROMINE
ANTIMONY
POOR THERMAL
STABILITY

COST
BROMINE
ANTIMONY

RED COLOR
EXPLOSIVE

DISPERSION *
HEAT STABILITY
DOSAGE
PROCESSABILITY
MECHANICA
PROPERTIES

HIGH COST
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WATER DEVELOPEMENT

GAS-PHASE

GAS-PHASE

GAS-PHASE

GAS PHASE

INTUMESCENT

DRIPPING




POLYPROPYLENE quﬁgﬁnchemlculs
THE PARTNER FOR YOUR GROWTH ———————
(le] . -
Polypropylene is very similar to
i CH3 ]-|3 PP 17 polyethylene.
ABS 18 Thg LOl is equa’I so it w.iII burn very
+»* easily; It doesn’t contain heteroatoms
? “ PA 24 and in case of combustion it cannot
PC 27 create the surface layer on its own.
PE 17
CARATTERISTICHE CONSEGUENZE
LOW LOI BAD FLAME RETARDANT RESISTANCE
NO_N AND O IN CHAIN ALL FLAMABLE GASES
LOW PROC. TEMP. 200°C-250°C WIDE RANGE OF FR
NO PRESENCE OF N AND O BAD CHAR

RADICAL POLYMERIZATION / ZIEGLER NATTA DRIPPING

,\ CROSS-LINKING ABILITY VERY BAD

N( WREATL € LR PUMARL




OLD
TECH

OoLD
TECH

TODAY

TODAY

TODAY

TODAY

TODAY

METAL HYDROXIDE

DECA-OXIDE/ Sb203

(ZnBO3)

DECA ETHANE
/Sb203 (ZnBO3)

GC BDDP 68/Sb203

(ZnBO3)

P red

GC PP HF 200
GC PP HF 1000

GC DRIPP HF 70
GC D HF 40

.“

POLYPROPYLENE

UL 94 VO

UL 94 VO

UL 94 VO
UL 94 V2

UL 94 VO

UL 94 VO

UL 94 V2

NO HEALTHY AND
ENVIROMENTAL
PROBLEMS

LOW DOSAGE
LOW COST

LOW DOSAGE
LOW COST
GOOD COLOR

LOW DOSAGE

LOW COST

GOOD DISPERSION
GOOD MECHANICAL
PROPERTIES

GOOD COLOR

LOW COST
HALOGEN FREE
LOW DOSAGE

HALOGEN FREE
WHITE COLOR

LOW DOSAGE
HALOGEN FREE

HIGH DOSAGE

KILLED FOR HEALTHY
AND ENVIROMENTAL
PROBLEMS

BROMINE
ANTIMONY

CosT
BROMINE
ANTIMONY

RED COLOR
EXPLOSIVE

DISPERSION *
HEAT STABILITY
DOSAGE
PROCESSABILITY
MECHANICAL
PROPERTIES

LOW COST
ONLY VERGIN PP
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WATER DEVELOPEMENT

GAS-PHASE

GAS-PHASE

GAS-PHASE
DRIPPING

GAS-PHASE

INTUMESCENT

DRIPPING



GC PP HF 1000

HALOGEN FREE FLAME RETARDANT

Physico-Chemical Properties

Test Ttem Unit Target Value
Appearance - White Powder
Density g/emd ~1.8
Average Particle Size um 10~15
Nitrogen Content % (wiw) =00
Phosphorous Content % (wWiw) ~24
Decomposition Temp e =250
Water Solubility % (w/w) =05
‘Water Content % (w/w) =05

a4 :
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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 o -cenchemicals

HALOGEN FREE FLAME RETARDANT THE PARTNER FOR YOUR GROWTH

Physico-Chemical Properties

GC PP HF 200 is a flame retardant based on

Test Item Unit Target Value
phosphorus and nitrogen and the fire retardant
Apparence - White powder properties are based on an intumescent system.
Bulk Density glom? ~0.790 GC PP HF 200 is used in PP homopolymers and
copolymers, but also in PP modified with
Average particle size Hm ~10 elastomers and all density PE.
Nitrogen content % (wiw) ~D9 GC PP HF 200 has high thermal stability, has

excellent processability in extrusion and injection

Phosphorous content % (w/w) ~21.5 . .
moulding and allows to have a very low alteration

Decomposition Temp. °C 280-290°C of the physical-chemical properties of compounds.
GC PP HF 200 formulation is free of corrosion

Water content % (w/w) Max 0.5

A D

- problems.
V.4
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EXAMPLE OF FLAME RETARDANT FORMULATIONS FOR PP

GC DPE 81+ Sb,0; UL94VO |HALOGEN +Sb 20% 7-8 €/kg
GC PP HF 1000 UL94VO |HALOGEN FREE 27% ~ 5,00 £/kg
GC BDDP 68+ Sh,0; UL94V2 |HALOGEN +Sb 4% 7-8 €/kg
GC DRIPP HF 70 UL94V2 (LOW HALOGEN 2% 8-9€/kg

¥ ‘ T ) ~ - \,—‘t‘&. W/ .‘". v Q) oy 1‘ i, /
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FIRE TEST DEMOSTRATIONS FOR PP $ .greenchemlcals
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PP HF 1000 — VO SOLUTION - 3.2 mm

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 FORPP &% .- chemicals
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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.



THERMAL STABILIZATION oo reericherticals
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PP VO HALOGEN FREE = PP + 27 % PP HF 1000 with and without stabilization
Compound has been kept at 200 °C for different time.

3

h
PP VO

" (we use GC PP HF 1000)

PP VO WITH
STABILIZATION PACKAGE

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



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

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

PP V2
(we use GC DRIPP HF 70)

PP V2 WITH
STABILIZATION
PACKAGE

(we use GC DRIPP HF 70 +
MB PO POX 20-4)
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CONCLUSIONS S R

L)
x
The use of flame Combining flame As GC, we can offer different The world is changing,
retardants is essential for retgrdants WIFh stabilizers solutions for PO going to not always the cheapest
our safety is equally important analyze customer needs

solutions are halogenated.
Maybe.... the time for a
change has come!
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THANK YOU
FOR YOUR ATTENTION!




