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FIRE RESISTANT MATERIAL

The present invention relates to 1norganic-

organic hyvbrids (IOHs), methods for thelr preparation and

Il

5 thelr use as fire resistant materials or components of

fire resistant materials. More specifically, the

invention relates to polvamide fire resistant formulations

contalining IOHs which have application in the production

of fire resistant articles or parts thereof for use in the

10. transportation, buililding, construction and electrical or

optical industries.

4

BACKGROUND OF THE INVENTION

Materials based on organic polymeric systems

15 (plastics) are widely used in the transportation, building

F
—

and construction industries. A drawback of many tvypes o:

organic polvmers 1s flammability which limits their

suitability in applications requiring flammability
resistance and where regulatory authorities govern

20 flammability standards.

In commercilally produced polymeric systems,

flame-retarding speciles may be added during processing or

forming of the materials to reduce the end products
flammability. Conventional flame-retardants may be
25 divided into different categories including:

Halogen based: which consist of either

brominated or chlorinated chemicals such as brominated

polyvstyrene or phenvlene oxide (Dead Sea Bromine or Great

L.akes CC) or bis(hexachlorocyclopentadieno) cyclooctane
30 (Occidental CC).

Phosphorus based: which consist of a range of

different chemistries from elemental phosphorus

(Clarient), phosphonates (A&W antiblaze 1045), phosphonate

esters (Akzo Nobel), phosphites, phosphates and

35 polyphosphates including melamine phosphite and phosphate,

ammonium and melamine polyphosphate (DSM Melapur) .

SUBSTITUTE SHEET (RULE 26)
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Nitrogen based: such as melamine and its salts
(US 4,511,684 Schmidt & Hoppe) .

Intumescent agents: incorporating (1) an acid

source (carbonization catalyst) such as ammonium

5 polyphosphate; (ii) a carbonization reagent e.d.

polvhydric alcohols such as pentaerythritol; and (111) a

blowing reagent like melamine. Expandable graphite 1is

also known to undergo thermal expansion on addition of

heat.

10 ITnorganic additives: such as magnesium hydroxide

and aluminum hydroxide (Martinswerk), zinc borate (Fire

Brake ZB, US Borax) and antimony trioxide.

Although the addition of fire retardants to

polymeric systems may improve their fire performance other
15 important properties are often adversely effected for

example:

¢ Mechanical performance

¢ Surface finish
e Durability
20 e Rheology
e Stability
e Smoke generation
e Toxilcity
e (Cost
25 e Recyclability
Furthermore, there has been considerable recent

.
—

impetus to reduce the use of some flame-retardant classes

due to toxicological or environmental concerns. Such

legislation has placed pressure on the use of halogenated
30 compounds and certain metal oxide synergists. Phosphorus-
based flame-retardants such as phosphonates and elemental

(red) phosphorus are also undesirable due to their

regulation under chemical weapon acts and considerable

manufacturing danger.
35 As far back as 1965, Jonas (GB 1114,174) teaches

that the incorporation of organically modified clay into

plastics reduces melt dripping during combustion.

SUBSTITUTE SHEET (RULE 26)
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More recently 1t has been shown that under

certaln synthetic or processing conditions, organically

modified clay may be nano-dispersed into polymeric

materials to improve mechanical and fire performance.
Okada et al, (US 4,739,007 (1988) Tovyota)

teaches that nylon 6 materials with improved mechanical

and heat distortion temperature can be prepared by adding

suitably modified clay during the synthesis of nylon 6.

In this case the growing nylon chains force apart the clay

platelets to form intercalated or exfoliated nanomaterial

structures (so called in ‘situ polvmerisation’ method).

A more commercially desirable method of nano-

dispersing modified clay i1is described by Maxfield, et al,
(WO 93/04118 WO 93/04117 (1993) Allied Signal). Maxfield

teaches that clay-plastic nanomaterials with improved

‘mechanical and heat distortion performance may be prepared

by subjecting functionalised clay and molten plastics such

as nylon6é, nylon6t6 and PBT to shear forces.

1

Others have 1nvestigated the fire performance of

plastics incorporating clay nano particles. Gilman has

studied the fire performance of nvyvlon-nanomaterials
prepared through the ‘in situ’ polymerisation pathway
Sympos. ,
(1998), pl053-1066, Fire and Materials, 24, (2000), p201-
208, Applied Clay Science, 15, (1999), p31-49). Improved

heat release rates were achieved with the addition of

LA

using cone calorimetry (Proc. 43. Int. SAMP:

commercially modified clay, without increasing toxic gas

or smoke generation. Gilman teaches that the improved

fire performance results from the nanoparticles both

mechanically stabilizing the char and enhancing its

barrier properties. Although Gilman’s cone calorimetry

tests suggest i1mproved performance in terms of a reduction

p—

in heat release rate, no mention was made of other aspects

of the materials fire performance in common tests
described by bodies such as ASTM and FAA which are used to

assess, regulate and qualify the fire worthiness of

materials.

SUBSTITUTE SHEET (RULE 26)
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Other groups have reported that traditional

flame-retardants and nano-dispersed clays can act

syvhnergistically to improve fire performance.
Klatt (WO 98/36022, (1998) BASF) teaches that

5 nylon materials incorporating organically modified clay

and red phosphorus synergistically improve fire

performance to produce a VO rating in UL94 type vertical

burn tests. However, such compositions are undesirable due

to the danger associated with handling of elemental
10 phosphorus.
Morton (WO 99/43747, (1999) General Electric

Company) teaches that i1n certain polyester blends,

phosphorus based flame retardants especially resorcinol

diphosphate and organically modified clay act

15 svnergistically to improve fire performance. No mention,

however, 1s made of other important aspect such as the
effect on mechanical performance, smoke and toxic gas
emlission.

Takekoshim (US 5,773,502 (1998) General Electric

20 Company) teaches that conventional halogenated-Sb;0; flame-

retardant systems and organically modified clay can act

synergistically. Takekoshim claims that nano-dispersed

clay allows for reductions in the amount of Sb;03 and

halogenated flame retardant required to maintain a VO

25 rating in the UL 94 flammability test. Clearly any use of

halogenated flame retardant is undesirable.
Masaru, T (JP 10182141 (1998) Sumitoma, Chem

Co.) disclose a fire resistant and thermally expandable

material at temperatures between 100 to 150°C whereby

30 blowing reagents such as those containing azo, diazo,

azlide or triazine compound are located between the lavyers

of the silicate. In many polyvmeric systems, however, this

flame retarding system is undesirable since they require

moulding or forming at temperatures between 100 C to 150 C.
35 Tnoue and Hosokawa (JP 10081510 (1998) Showa

Denko K.K.) investigated the use of fluorinated synthetic

mica exchanged with melamine (0.1 - 40%) and melamiline

SUBSTITUTE SHEET (RULE 26)
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salts (<10%) as a means of flame proofing plastics in a

two step extrusion process. They claim that a VO rated

Nyloné (UL94 vertical burn test) was achieved at a loading

of 5 percent-modified mica when greater than 80%

exfoliation occurred. The use of synthetic clays and

multiple step processing 1s clearly undesirable from a

commercial viewpolnt. Inoue and Hosokawa do not disclose

highly desirable chemistries and methodologies associated

with triazine based formulations which effect mechanical

and fire performance. Furthermore, they do not disclose

important methodologies to flame retarded thin parts known

by those in the art to be extremely difficult to render

flame resistant whilst simultaneously reducing toxic gas

and smoke generation during combustion.

In a later disclosure Inoue, H., and co-workers

(US 6294599 (2001) Showa Denko K.K.) also teach that

polyvamides reinforced with fibrous additives may be

p—

rendered flame resistant through the addition of triazine-

modified clay and additional flame retardant. They

describe a highly rigid flame-retardant polyamide

comprising a polyamide, silicate - triazine compound

reinforcement and flame retardant/adjunct. The poor

rheological properties of highly rigid polyvamide

formulations limit the inventions usefulness in preparing

components made by conventilional processing technigques such

as rotational or blow moulding, that are complex or thin
walled or which reguire high ductility or impact
performance.

Brown, S.C. et al (WO 00/66657, Alcan

International) disclose a polymeric material incorporating

Cloisite montmorillonite 1in combination with Al (OH): for

the production of fire resistant cables. This strategy is

clearly only suiltable for plastics that are processed at

low temperatures considering that Al (OH); decomposes to

release water vapor at temperatures above approximately
190 C.

SUBSTITUTE SHEET (RULE 26)
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Accordingly, there is a need for the development
of new flame retarding systems which both meet the

performance criteria associated with specific applications

and address the above concerns.

SUMMARY OF THE INVENTION

According to one aspect of the present invention
there 1s provided an inorganic-organic hybrid (IOH) which
comprises:

(1) an expandable or swellable layered
inorganic component; and

(11) an organic component including at least one
ionic organic component and one or more neutral organic
components which are intercalated between and/or
assoclated with the layer(s) of the inorganic component,

the ionic or neutral organic components being
capable of decomposing or subliming endothermically,
and/or releasing volatiles with low combustibility on
decomposition and/or inducing charring of organic specles
during thermal decomposition or combustion.

According to another aspect of the present
invention there is provided a method for the preparation
of the IOH defined above which comprises mixing components
(1) and (ii) defined above or constituents thereof in one
Or more steps. '

The present invention also provides the use of
the IOH defined above as a fire resistant material.

According to a further aspect of the present
invention there is provided a fire resistant formulation
which comprises:

' (1) the IOH defined above; and

(11) one or more flame retardants.

According to a still further aspect of the
present 1nvention there is provided a method for the
preparation of the fire resistant formulation defined
above which comprises'mixing'components (1) and (ii) as

defined above or constituents thereof in one or more
steps.

The present invention also provides a polyamide

fire resistant formulation which comprises either:

H:\annan AsrvoRdediShroet 23 CSIRO-BOEING - AMDED PAGES FOR WO.doc 24/01/05
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(A) (1) the IOH defined above; and

(11) a polvamide based matrix; or

(B) (1) the fire resistant formulation defined

above; and

5 (ii) a polvamide based matrix.

The present invention further provides a method

—

for the preparation of the polyvamide fire resistant

formulation defined above which comprises dispersing the

TOH or the fire resistant formulation defined above or

10 constituents thereof into the polyvamide based matrix in

one or more steps.

The TOH and/or fire resistant formulations of

the present invention may be used to produce fire

resistant articles or parts thereof.

15 Thus, the present invention provides a fire

resistant article or parts thereof which 1s composed
wholly or partly of the IOH and/or fire resistant

formulations defined above.

The present invention also provides a method of

e
p—

20 preparing the fire resistant article or parts thereof

defined above which comprises moulding or forming the IOH

and/or fire resistant formulations defined above.

DETAILED DESCRIPTION OF THE INVENTION

25 For the purposes of this specification i1t will

be clearly understood that the word “comprising” means
“including but not limited to”, and that the word

“comprises” has a corresponding meaning. It should also be

noted that for the purposes of this specification the
30 terms “swellable” and “expandable” relating to the lavered

ilnorganlic component are ilnterchangeable.

The inorganic component 1is a

swellable/expandable layered inorganic based material,

rendered positively (or negatively) charged due to

35 isomorphic substitution of elements within the layers,

such as, those based on a 1l:1 lavered silicate structure

such as kaolin and serpentine and a 2:1 layvered silicate

SUBSTITUTE SHEET (RULE 26)
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structure such as phyllosilicates, talc and pyrophvllite.

Other useful lavered minerals include lavered double

hydroxides of the general formula MgegAls 4 (OH) 153 .8 (C0O3)1 7.H50

including hydrotalcites and synthetically prepared lavered

materials including synthetic hectorite, montmorillonite,

fluorinated synthetic

mica and synthetic hydrotalcite.

The group consisting of naturally occurring or

synthetic analogues of phyvllosilicates 1s particularly

preferred. This group 1ncludes smectite clays such as

montmorillonite, nontronite, beilidellite, volkonskoite,

hectorite, bentonite,

saponite, sauconite, magadiite,

kenyvaite, laponite, vermiculite, synthetic micromica

(Somasi1if) and synthetic hectorite (Lucentite). Other

useful lavered minerals include illite minerals such as

ledikilite and mixtures

minerals.

of 1l1lite minerals with said clay

Naturally occurring phyvllosilicates such as

bentonite, montmorillonite, and hectorite are most

preferred. Such phyllosilicates with platelet thicknesses

less than about 5 nanometers and aspect ratios greater

than about.lO:l, more

preferably greater than about 50:1

and most preferably greater than about 100:1 are

particularly useful.

The preferred inorganic materials generally

include interlaver or

exchangable metal cations to balance

the charge, such as, alkali metals or alkali earth metals,

for example, Na*, K", Mg** or Ca®’, preferably Na'. The

cation exchange capacity of the inorganic material should

preferably be less than about 400 milli-equivalents per

100 grams, most preferably about 50 to about 200 milli-

equlivalents per 100 grams.

The organic

component includes one or more ionic

specilies that may be exchanged with the exchangeable metal

ions associated with the i1norganic component and

optionally one or more neutral organic species which are

intercalated between &

nd/or associlated with the laver(s)
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~of the inorganic component and/or one or more coupling

reagents.

The term “associated with” i1s used herein in its
broadest sense and refers to the neutral organic component
being attached to the layer(s) of the inorganic component,
for example, by secondary bonding interactions, such as,
Van der Waals interactions or hydrogen bonding or trapped
by steric limitation.

Suitable examples of ionic species include those
that contain onium ilions such as ammonium (primafy,
secondary, tertiary and quaternary), phosphonium or
sulfonium derivatives of aliphatic, aromatic or aryl-
aliphatic amines, phosphines and sulfides.

Such compounds may be prepared by any method
known to those skilled in the art. For example, salts
prepared by acid-base type reactions with mineral or
organic acids 1including hydrochloric, sulfuric, nitric,
phosphoric, acetic and formic acids, by Lewis-acid -
Lewls—-base type reactions or by reaction with alkyl

halides to form quaternary salts for example using
Menschutkin type methodology.

Ionic or neutral compounds which are known to
decompose or sublime endothermically, and/or which release
volatiles with low combustibility on decomposition and/or
induce charring of organic species during thermal
decomposition or combustion are used in the IOH of the
present invention.

Suitable species include neutral or ionic
derivatives of nitrogen based molecules, such as, triazine
based specles, for example, melamine, triphenyl melamine,
melam (l,3,5—triazine-2,4,6—triamine—n—(4,6—diamino—1,3,5-
triazine-yl)), melem ((-2,5,8-triamino-1,3,4,6,7,9, 9b-
heptaazaphenalene)), melon (poly{8-amino-1,3,4,6,7,9, Sb-
heptaaZaphenalene—Z,5—diyl)imino}), bis and
triaziridinyltriazine, trimethylsilyltriazine, melamine
cyanurate, melamine phthalate, melamine phosphate,
melamine phosphite, melamine phthalimide, dimelamine
phosphate, phosphazines and/or low molecular weight
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polymers with triazine and phosphazine repeat units or

salts or derivatives of the above molecules i1ncluding

onium ion derivatives or salts or derivatives of
isocyanuric acid, such as, 1socyanuric acid, cyanuric

acid, triethyl cyanurate, melamine cyanurate,

trigylcidylcyanurate, triallyl isocyanurate,

trichloroisocvanuric acid, 1,3,5-tris(2-

hyvdroxyethyl)triazine-2,4, 6-trione,

hexamethylenentetramine. melam cyanurate, melem cyanurate

and melon cyanurate.

Reagents known to .induce charring of organic

species include derivatives of phosphoric acid or boric

acid, such as ammonia polyphosphate and melamine

polyphosphate, melamine phosphate ammonium borate.

In another embodiment of the invention, the

preferred ionic compounds may be optionally used 1n

combination with other ionic compounds, for example, those

known to improve compatibility and dispersion between the

lavered inorganic material and polymeric matrices such as
those described in WO 93/04118 for the preparation of

nanomaterials. Amphiphilic molecules that i1ncorporate a

hyvdrophilic ionic group along with hydrophobic alkyl or

aromatic moleties are preferred.

One or more coupling reagents may also be

associated with the inorganic component. Sultable

coupling reagents include organically functionalised

silanes, zirconates and titanates. Examples of silane

coupling reagents include tri-alkoxy, acetoxy and

halosilanes functionalised with amino, epoxy, 1lsocyanate,

hydroxyl, thiol, mercapto and/or methacryl reactive

moieties or modified to i1ncorporate functional groups

based on triazine derivatives, long chain alkyl, aromatic

or alkylaromatic moleties. Examples of zirconate and

titanate coupling reagents include Teaz and Titanl.

Tt 1s known in the art that metal cations or

anions associated with layered inorganlic materials may be

exchanged with organic i1ons through ion exchange

SUBSTITUTE SHEET (RULE 26)
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processes. In a typical process, the layered inorganic

material is first swollen or expanded in a sultable

solvent (s) prior to ion exchange and then collected from

the swelling solvent following agglomeration using methods

such as filtration, centrifugation, evaporation or

sublimation of the solvent. Ion exchange technigques with

suitable molecules are known to be a useful method of

increasing the compatibility between clay and organic

polymeric binders, thus aiding dispersion of clay

platelets into polymeric based matrices on a nanometer

scale.

We have discovered that the i1on exchange process

may be optionally carried out in the presence of one or

more types of organic ion to produce an inorganlc-organilc

hybrid with a plurality of functions. Without wishing to

limit the present invention, such functions may include

the presence of ions which promote dispersion,

compatibility and interactions with the plastic matrix and

iong useful to improve other properties such as fire

performance. Generally during ion exchange the organic

P
p—

ions are added in molar excess of the i1on exchange

capacity of the inorganic material, preferably less than

e

about 10-fold excess, more preferably less than about a 5-

fold excess is reqguired.

Tt has also been unexpectedly discovered that

the lon exchange processes may be carried out in the

presence of functional dissolved or partially dissolved

neutral species. Without being limited by theory, it 1s

proposed that at least a portion of the neutral species

are trapped in the intergallery region or otherwilse

associated with the layered inorganic material following

ion exchange. Such a process provides a useful mechanism

—

OL

dispersing neutral additives on a molecular level into

plastics. Again without being limited by theory, during

P

melt processing at least partial exfoliation of the

inorganic-organic hybrid allows the neutral molecules to

diffuse away and become homogeneously dispersed with the
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matrix on a molecular level. This has a major impact on

the performance of the resultant material since i1t is well

known that efficient dispersion of all components in a

plastic formulation, preferably on a nano- or molecular

5 scale, 1s an important factor for achieving optimum

performance.

In another aspect of the invention, the IOH may

be treated prior, during or followling l1on exchange with

one or more coupling reagents as described above. The

10 coupling reagents are derivatized to improve, for example,

the compatibility and interactions between the inorganic

phase and polymeric matrix or to attach other desirable

functionalities to the i1norganic lavyered phase.

Sultable flame retardants which retard flame

15 propagation, heat release and/or smoke generation which

may be added singularly or optionally synergistically to
the IOH include:

° Phosphorus derivatives such as molecules

containing phosphate, polyphosphate, phosphites,

20 phosphazine and phosphine functional groups, for example,

melamine phosphate, dimelamine phosphate, melamine

polyphosphate, ammonia phosphate, ammonia polyphosphate,

pentaerythritol phosphate, melamine phosphite and

triphenyl phosphine.

25 ° Nitrogen contalning derivatives such as

melamine, melamine cyanurate, melamine phthalate, melamine

phthalimide, melam, melem, melon, melam cvanurate, melem

cyanurate, melon cyvanurate, hexamethylene tetraamine,
imidazole, adenine, guanine, cytosine and thymine.

30 o Molecules containing borate functional groups

such as ammonia borate and zinc borate.

° Molecules containing two or more alcohol groups

such as pentaervythritol, polyethylene alcohol, polvglvcols

and carbohydrates, for example, glucose, sucrose and
35 starch.

° Molecules which endothermically release non-

combustible decomposition gases, such as, metal
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hydroxides, for example, magnesium hydroxide and aluminum
hydroxide.

. Expandable graphite

The polvamide based matrix may be included in

5 the fire resistant formulation in pellet, granule, flake

or powdered form. Sultable polvamlides comprise generic

groups with repeat units based on amides, such as, Nvylon4,

Nylon6, Nylon7, Nylon 11 and Nylonl2, Nylond6, Nylon66,

Nvlion 68, Nylon6l0, Nyloné6l2 and aromatic polyamides, for
10 example, polyv’/m’phenyvleneilisophthalamine and

poly’/'p’phenylene’ terephthalmamide.

It will be appreciated that the polyamide based
matrix may 1nclude co-polymers, blends and alloys. The

co-polymers may be made up of two or more different repea:

L

15 units one of which is an amide. Such co-polymers may be

prepared by any sultable methods known in the art, for

v

example, at the point of initial polymerisation or later

through grafting or chain extension type reactilions during
processing. The polyvamide blends and alloys may be

20 prepared using any method known to those skilled in the

art including melt or solution blending. Blending or

alloyving the polvamide with other polymers may be

desirable to improve properties such as toughness,

modulus, strength, creep, durability, thermal resistance,

25 conductivity or fire performance.

Nyvlonl2, Nylon6 and Nylon66 and thelr respective

co-polymers, alloys and blends are particularly preferred.

The polyvamide formulation can also optionally
contaln one or more additives known 1in the art of polymer
30 processing, such as, polymeric stabilisers, for example,
UV, light and thermal stabilisers; lubricants;
antioxidants; pligments, dyes or other additives to alter

the materials optical properties or colour; conductive

fillers or fibers; release agents; slip agents;

35 plasticisers; antibacterial or fungal agents, and

processing agents, for example, dispersing reagents,

foaming or blowing agents, surfactants, waxes, coupling
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reagents, rheology modifiers, film forming reagents and
free radical generating reagents.

A particularly preferred formulation comprises

Nylonl2, Nylon6 and/or Nylon66; montmorillonite modified

with melamine hvdrochloride and/or melamlne; melamine

cyanurate and/or melam (1,3,5-triazine-2,4,6-triamine-n-

(4, 6-diamino-1,3,5-triazine-yvl)) cyanurate, and/or melem
((-2,5,8-triamino-1,3,4,6,7,9,9b-heptaazaphenalene))

cyvanurate and/or melon (poly{8-amino-1,3,4,6,7,9,9b-

heptaazaphenalene-2,5-diyl)imino}) cyanurate; magnesium

hyvdroxide; and one or more additives.

The polvamide formulation preferably contains a

polvamide based matrix 1n an amount of from about 50 to

about 95% w/w, an IOH 1in an amount less than about 25% w/w

and optionally a flame retardant and/or additives in an

amount less than about 30% w/w, but 1n some cases

preferably above about 10% w/w.

It has been discovered that the IOH may be
readily dispersed into the polyamide based matrix during
the compounding (mixing) stage. Without wishing to be

limited by theory, 1t 1s proposed that ion exchange

enhances the lavered IOHs compatibility with polyamides

compared with unmodified inorganic layvered materials.
This heightened compatibility in combination with
sufficient mixing forces, appropriate mixing seqguence,

screw design and time allows the organically modified

platelets associated with the IOH to be at least partially

exfoliated i1into the polyamide and hence dispersed at least

partially on a nanometer scale. This process also
provides a useful mechanism of dispersing into the
polyvamide any neutral molecules associated with the IOH on
a molecular level.

p—

Dispersion of the wvarious components of the fire

resistant formulation including the IOH 1s aided by

grinding prior to mixing. Grinding 1s achieved using any

suitable grinding equipment 1ncluding ball mills, ring

mills and the like. It i1is preferable that the components
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including the IOH 1s ground to a particle size less than

about 200 microns, more preferably less than about 50

microns, most preferably less than about 20 microns. The

hybrid material may also be ground using specilalty

grinding equilipment allowing grinding to nanometer sizes.
Dispersion may be affected using any suitable

melt, solution or powder based mixing process allowling

ey
p—

sufficient shear rate, shear stress and residence time to

disperse the IOH at least partially on a nanometer scale.

Such processes may be conducted using milling procedures

such as ball milling, in a batch mixer using internal

mixers, such as, Banbury and Brabender/Haake type mixers,

kneaders, such as, BUS kneaders, continuous mixing

processes 1ncluding continuous compounders, high intensity
single and twin screw extrusion.
Melt processing 1s preferred and in a

particularly preferred embodiment, twin screw extruders

with an L:D ratio of at least about 24, preferably more

than about 30 eguipped with at least one and preferably

gy

multiple mixing and venting zones are emploved for

dispersion. Such screw configurations useful for
dispersive and distributive mixing are well known to those
in the art. A particularly useful system has been found
to be that i1illustrated in Figure 1.

The components of the formulation may be added

in any order or at any point along the extruder barrel.

Since polyamides are susceptible to hydrolysis it is

preferable that the components are dried prior to
processing and/or mechanisms to remove water vapor such as

vents or vacuum ports available during processing. In a

preferred embodiment, all of the components are added at

one end of the extruder. In another preferred embodiment,

a polymeric binder and optionally minor components are

p—

added at one end of the extruder and the IOH and

optionally minor components at a later point/s. In still

another preferred embodiment, the IOH portion of the

polyvmeric binder and optionally minor components are added
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at one end of the extruder with the remaining portion of

the polymeric binder and optionally minor components are

added at a later point/s. Following extrusion the molten

composition 1s cooled by means of water bath, air knife or

atmospheric cooling and optionally cut into pellets.

Preferably all of the major and minor components

of the system can be combined in as few a mixing steps as

possible, most preferably in a single mixing step.

—
—

The moulding or forming of the polyvamide

n

formulation into fire resistant articles or parts thereo:

can be carried out using any method known to those in the

art including processes such as extrusion, injection
moulding, compression moulding, rotational moulding, blow

moulding, sintering, thermoforming, calending or

combinations thereof.
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