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Process for the preparation of a melamine based flame retardant and polymer composition

The invention relates to a process for the preparation of a melamine based flame retardant
by a reaction in an extruder between a melamine comprising compound and a polyol with the
optional addition of a polymeric carrier material.

Such process is known from US-A-4,010, 137, which discloses a process wherein melamine
pyrophosphate and pentaerythritol are combined as single component flame retardants and
heated in a vessel at 175°C — 275°C for 0.5 to 4 hours. Specific degassing conditions insure
the incorporation of an effective amount of the flame retardant into the synthetic resin. No
significant foaming is observed when the synthetic resin composition is subjected to moulad-
ing conditions. The resulting product is used especially for the preparation of flame retar-
dants containing polypropylene. Furthermore, this publication teaches the need for stable
melamine based flame retardants which can be moulded at temperatures up to 260°C. The
reaction product of HsPOy4, P20s, dipentaerythritol and melamine is disclosed as a particularly
stable flame retardant. This product can be moulded without foaming at a temperature up to
246°C. A clear disadvantage of the process as disclosed in this reference results from the
fact that the preparation of the flame retardant requires a process time of at least 0.5 hours
and up to 4 hours.

A process for the preparation of a melamine based flame retardant is disclosed in

WO 00/68337. This reference discloses a process wherein powder blends comprising
pentaerythritol and melamine phosphate are prepared. These powder blends, however, are
strongly limited in their applicability for the manufacture of polymer compositions, which is
caused by the fact that foaming occurs during the processing of the powder blend in the
polymer, e.g. during the compounding or injection moulding. °

A severe problem results from the fact that single component flame retardants that contain
phosphoric ester groups are subject to hydrolysis. In the event that these flame retardant ad-
ditives are blended with polymer materials, such as polypropylene, their moisture sensitivity
causes considerable leaching of the flame retardant molecules from the polymer matrix re-
sulting in reduced flame retardant efficiency of the polymer composition and decreased elec-
trical insulation properties.

Various methods are known to increase the water resistance of polymeric flame retardant
compositions. They include partial phosphorylation of polymers, such as polyvinyl acetate,
encapsulation of polar flame retardant components, such as acid source APP particles with
copolymer of vinyl pyrrolidone and comonomer, modification of flame retardants with sur-
factants (non-ionic or ionic) or the replacement of polyols (polar species) by other char
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formers, such as dialkyt tin oxide, diatkyl tin dialkoxide, or polyol(alkylcarbonate). Some of

these methaods are effective in improving the water resistance of the polymeric flame retar-
dant compositions, but result in complex additional processes often accompanied by envi-

ronmental processes.

An object of the present invention is to provide a faster process for the preparation of a
melamine based flame retardant and its master batch with high flowability.

Another object of the invention is the preparation of polymeric flame retardant compositions
of increased water resistance while preserving the flame retardant performance (UL84 V-0)

and mechanical properties.
In one aspect, the present invention relates to a process for the preparation
of a melamine based flame retardant by a reaction of a melamine comprising

compound and a polyol.

The melamine based flame retardant obtainable by the process of the present invention is
particulady suitable for producing flame retardant polymer compositions of high water resis-
tance. Due 1o the higher thermal stability of the melamine-based flame retardant obtainable
by the process of the present invention, the polymer composition can be moulded at higher
temperatures as compared to the polymer compositions disclosed in US-A-4,010,137.

A flame retardant polymer composition comprising a mixture of a melamine comprising
compound and pentaerythritol is disclosed in US-A-4,632,946. This reference only discloses
polymer compositions that can be processed at melt temperatures up to 230°C, whereas at
higher temperatures foaming will occur. This confirms the stability problem as already men-
tioned in US-A-4,010,137.

A further advantage of the process of the invention is established by the fact that the mela-
mine based flame retardant obtained exhibits a higher degree of stability than the melamine
based flame retardant obtained according to the process as described in US-4-4,070,137. A
composition comprising the flame retardant of Embodiment {l of US-A-4,070,137 has to be
moulded below the temperature 232°C, in order {o prevent foaming. The melamine-based
flame retardant according to the process of the present invention does not show any foaming
at temperatures up to 280°C.

The invention, therefore, also relates to a melamine based flame retardant obtainable by the
process of the present invention.

The process according to the present invention that relates to a process for the preparation
. of a melamine based flame retardant by a reaction of a melamine comprising compound and
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a polyol is characterised in that the melamine comprising compound is selected from the
group consisting of melamine phosphate, melamine pyrophosphate and melamine poly-
phosphate, the polyol is selected from the group consisting of pentaerythritol, dipenta-
erythritol and tripentaerythritol and the reaction is carried out by reactive extrusion in an ex-
truder in a molar ratio of the melamine comprising compound to the polyol between 1.0 : 1.0
and 4.0 : 1.0 and that the reaction is performed at a temperature between 200 and 300°C.

In a preferred embodiment of the invention the melamine based flame retardant is prepared
by reaction of melamine phosphate with pentaerythritol.

With the process of the invention a faster process for the preparation of the melamine based
flame retardant is obtained within a short time period.

The melamine comprising compound, such as melamine phosphate used in the process ac-
cording to the invention and the polyol, such as pentaerythritol, can be of any standard
chemical quality. Preferably they are used in the form of a powder. Pentaerythritol in pure
form melts at 260°C and in mixtures below 260°C. Preferably fine powder forms are used.
The melamine phosphate or the other melamine comprising compounds and the pentaery-
thritol as well as the other polyols can be fed separately to the extruder or can be premixed
with e.g. a high shear mixer. Preferably a premixed mixture is used. This reduces the neces-
sity of the control of the amount of flows of the material.

In the process of the invention the melamine comprising compound, such as melamine
phosphate, and the polyol, such as pentaerythritol, are reacted in an extruder. This process
embodiment is referred to as reactive extrusion. Extruders, such as the ones routinely used
in the polymer processing industry, e.g. mono or double screw extruders, are suitable for this
purpose. A twin-screw extruder is particularly preferred for the handling of fine powders. In
the process of the invention the extruder is equipped with a degassing device. Generally this
degassing means is a port or opening in the extruder that is connected to a vacuum pump.

In the extruder the melamine-based flame retardant is produced, which leaves the extruder
through the die as an exirudate. The extrudate is cooled and shaped, preferably by cutting,
into formed particles, preferably pellets.

In the process of the invention the melamine comprising compound and the polyol react to
form a melamine phosphate-polyol condensate, whereby corresponding molar equivalents of
water are released. The water leaves the extruder through the degassing device. In this
application the melamine phosphate-pentaerythritol condensate is also referred to as the
melamine based flame retardant.
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The molar ratio of the melamine phosphate to pentaerythritol is in the range between about
1.0 : 1.0 and 4.0 : 1.0. Preferably the molar ratio is chosen between about 2.0 : 1.0 and

2.4 : 1.0. Melamine based flame retardants of excellent stability are obtained. Most prefera-
bly, the molar ratio is about 2.2 : 1.0. In the context of the description of the invention thermal
stability is defined as the degree of resistance against foaming upon heating of the melamine
based flame retardant. For a more precise differentiation in thermal stability of flame
retardant compositions physicochemical methods, such as thermo gravimetric analysis
(TGA) and differential scanning calorimetry (DSC), can be used.

The reaction of the melamine comprising compound and the polyol to obtain the melamine
based flame retardant can be performed at temperatures between about 100°C and 300°C.
However, for a complete conversion the reaction must be performed at a temperature higher
than 200°C.

The maximum temperature for the reaction is chosen below 300°C. Preferably, the reaction
of melamine phosphate and pentaerythritol is carried out in a temperature range between
220°C and 280°C. Between 220°C and 280°C a good balance is obtained between the rate
of reaction and the degradation of the reaction product melamine based flame retardant.
More preferably, the reaction of the melamine phosphate and the pentaerythritol is conduc-
ted at a temperature between 240°C and 260°C. The thermal stability of the melamine based
flame retardant produced in this temperature range is excelient.

The time period for reaction in the process of the present invention is, in general, between 1
and 20 minutes. It was found that 1 batch in the extruder at the particularly preferable tem-
perature range of 240 — 260°C is sufficient for producing a non-foaming melamine based
flame retardant. In an alternative embodiment of the process, the extruder is fed once again
with the melamine based flame retardant obtained. With 2 passages through the extruder the
doubling of the residence and hence reaction time is achieved. Due to a longer reaction time
period in the extruder an increased stability of the melamine based flame retardant obtained
can be achieved. This difference in stability can be easily assessed by TGA, which method is
described below. Furthermore, the time period for reaction can also be changed with other
means, e.g. by adjusting the number of revolutions per minute of a screw in the extruder, or
by using a so-called static mixer in the extruder. Foaming of the reaction product can be
determined by applying the foaming test as described below.

It has been found advantageous to add polymer material to the extruder as a carrier resin in
addition to the melamine comprising compound and the polyol. A more constant extruder
output is achieved with less than 30 weight% of polymer present in the flame retardant
composition, especially when the extruder operates at temperatures below 270°C. The
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amount of the polymer in general is kept low, e.g. between 5.0 - 30.0 weight, particularly
between 5.0 —~ 20.0%, related to the total weight amount of the flame retardant composition.
When exposed to water a flame retardant composition in the presence of suitable polymer
material, such as polypropylene, has a higher resistance to water, which is desirable in pro-
tecting polymer material against erosion caused by the so-called leaching effect of the flame
protecting agent, which in this case is the reaction product of melamine comprising com-
pound phosphate and the polyol.

In a preferred embodiment of the invention the reaction of the melamine comprising com-
pound and the polyol is carried out in the presence of a third component, particularly 5.0 to
20.0 weight% of a polymer.

In a particularly preferred embodiment of the invention the reaction of the melamine phos- |
phate and pentaerythritol is carried out in the presence of 5.0 to 20.0 weight% of a polymer.

Any type of polymer material can be chosen that is suitable for melt processing at the ex-
truder temperature, preferably at processing temperatures below 300°C. In general the
polymer or carrier resin is chosen according to the polymer matrix material that needs flame
retardation. Polyethylene is the first choice due fo ifs large availability and easy processing
properties. It has been found in this respect that through the use of high density polyethyl-
ene, HDPE, light coloured melamine based flame retardant pellets can be produced, which is
advantageous for producing light coloured, flame retardant polymer compositions. In an al-
ternative embodiment the use of polypropylene has been found advantageous. An accept-
able colour of the flame retardant master batches is obtained, combined with high fluidity and
excellent flame retardancy and mechanical properties of the composite material. Furthermore
through the use of a polymer it is easier to obtain pellets of the melamine based flame
retardant.

Other polymers suitable for the polymer composition of the present invention are those
polymers, which are processed at temperatures below 300°C and preferably below 280°C.
An example of these polymers is a polyolefin, e.g. polypropylene (PP), either as homo-, co-
or terpolymer,

A flame retardant composition comprising polypropylene as polymer material has a good
thermal stability during processing. Its decomposing temperature is in agreement with the
pyrolysis point of PP. No typical melt process, but a softening zone above 180°C is
observed. The shaped particles can deform and flow when compounding with PP and easily
obtain an effective blending and dispersing. In compounding the softening flame retardant
composition can plasticise the PP resin melt. A small amount of PP can also improve the
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flowability of the composition considerably. Therefore, a master batch product of flame
.retardant content as well as high flowability is obtained. The flame retardant particles can
deform and arrange in the flow direction of the polymer melt to form a typical fiber structure.

A non-exhaustive list of additional polymer materials is listed here below:

Polymers con’iaining styrene, such as HIPS (High impact polystyrene), polyamides, polyim-
ides, polyesters, polycarbonates, epoxy resins, polyurethanes and mixtures and blends of
these materials.

The polymer composition according to the invention can be produced by known techniques
as e.g. extrusion, compounding or injection moulding. The amount of the melamine based
flame retardant obtainable by the process of the present invention in the polymer composi-
tion depends on the required level of flame retardancy. This required level of flame retar-
dancy varies per application. Generally, for electronic or construction applications different
amounts are required. An amount of up to 30 weight% is sufficient for assuring flame retar-
dancy in many applications. The flame retardant composition may comprise other additives
or auxiliary materials to improve the properties of the composition against decomposition,
discolouration or oxidation, e.g. colorants, pigments, thermal and UV-stabilisers, mould re-
lease agents, co-flame retardants, softeners, lubricants, antioxidants, flow-promoting agents,
dispersing agents, fillers and reinforcing agents as normally used in the formulation of poly-
mer compositions.

Examples of coating compositions are pigment-filled alkyd resins, homo- or copolymers
based on acrylates, urethanes, esters, epoxies or modifications thereof. Optionally these can
be provided with the usual cross linkers. After curing of this coating composition a coating is
formed. In those processes where the flame retardant compositions are incorporated into a
liquid polymer, a polymer solution or a polymer dispersion, for example a coating composi-
tion, the choice of auxiliary material is determined by the solubility of the auxiliary material in
said liquid polymer, polymer solution or polymer dispersion.

Suitable organic auxiliary materials are organic compounds, polymers or copolymers based
on vinylpyrrolidone, vinyl acetate and vinyl caprolactam, or mixtures thereof. Also suitable
are the above-mentioned polymers or copolymers or additional polymers or copolymers
based on epoxides, urethanes, acrylates, esters, amides, stearates, olefins, cellulose deriva-
tives or mixtures thereof. In the event that the compositions are prepared from aqueous
slurry, water-soluble organic auxiliary materials are of advantage because they can easily be
added to this slurry.
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When the melamine based flame retardant obtainable by the process of the present inven-
tion is added to a liquid polymer, a polymer solution or a polymer dispersion, which contains
water, the agglomerate is easily dispersible. Polyvinyl pyrrolidone, polyvinyl alcohol and
polyvinyl caprolactam are easy to handle and can be used in a wide range of applications
due to their good solubility in water.

The quantity of organic auxiliary material amounts to 0.1 to 10.0 wit%, relative to the total
weight of the composition. If very high flame retardation requirements are to be met with the
melamine based flame retardant obtainable by the process of the present invention,
preferably 0.1 to 5.0 wi% is used, even more preferably 0.1-3.0 wt% relative to the total
agglomerate.

It has been found that the advantages mentioned for melamine based flame retardant ob-
tainable by the process of the present invention also apply to compositions of other flame
retardant compounds, including halogen containing and halogen-free ones. However, pref-
erence is given to halogen-free flame retardant compounds, including triazine compounds,
such as melamine, ammeline and/or ammelide, higher condensation products thereof, such
as melam, melem and or melon, melamine derivatives, such as melamine salts, e.g. mela-
mine phosphate salts, melamine acetate, melamine pyrophosphate salts, melamine poly-
phosphate and/or melamine ammonium polyphosphate salts; metal compounds, such as
aluminium hydroxide, magnesium hydroxide, antimony trioxide, Sb2Os, zinc oxide, sodium
antimonate, zinc stannate and/or zinc borate.

The flame retardant properties of the flame retardant composition as obtained by the process
according to the present invention can be enhanced by the presence of additional com-
pounds exerting a synergistic effect with the flame retardant composition, such as a char-
forming compound, optionally combined with a catalyst promoting the formation of char in the
polymer composition. In general, any compounds capable of enhancing the flame-retardant
properties by means of char formation are suitable, such as resinous polymers selected from
the group consisting of phenolic, epoxy, polyurethane, novolak, melamine, alkyd, allyl,
unsaturated polyester, silicone, urethane and acrylate resins, polyphenylene ether, polycar-
bonate, polyvinyl alcohol, poly(ethylene covinyl), starch or glucose.

Metal salts of tungstic acid, a complex oxide acid of tungsten and metalloids, salts of tin ox-
ide, ammonium sulphamate and/or its dimer may be used as catalysts for promoting char
formation.

The invention are further illustrated with the following, non-limiting examples and Compara-
tive Experiments.
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In the application examples reference is made to various test methods, which are explained

below:
T™

e LOI (Limiting Oxygen Index) value: is measured usiﬁg an ATLAS Limiting Oxygen In-
dex instrument on sheets of 120 mm (I) x 6.5 mm (b) x 3 mm (t) according to
ASTM D2863-77. A higher LOI value indicates better flame retardancy;

+ Flammability test is measured according the norm UL 94 HB. UL 94 contains the test
procedure for the horizontally positioned solid plastic specimen in the form of rods.
The dimensions of the rods are 127 mm (I) x 12.7 mm (b). The thickness(t) of the rods

should comrespond to the minimum for the intended application. Tensile test and
elongation at break is performed according to ISO 527-1A;

s [mpact test: the notched impact strength is measured using a XJ40A Impact strength
tester according to ISO 180 ~A/U;

o Foaming test: is used for fast simulation of moulding and check of the stability of a
product. In the foaming test an amount of sample is put in a beaker that is placed in
an oven at a temperature of 280 °C for 30 minutes. Foaming is visually evaluated;

e TGA: thermo gravimetric analysis is performed with a Dupont 2100 thermal analyser.
Samples are heated from room temperature at a rate of 20 °C/min, whereby the
weight loss versus temperature is recorded.

Example I: Preparation of a melamine based flame retardant using an extruder.

Melamine phosphate and pentaerythritol are premixed in a high shear mixer at a molar ratio
of 2.2 : 1.0. The premix obtained is fed to a twin-screw extruder (0=30 mm; L/D=32; fitted
with a vacuum degassing), which operates at a screw speed of 35 rpm. Additionally HDPE is
fed to the extruder in a HDPE: premix ratio of 5: 20. The average temperature in the extruder

is 250°C and the residence time is between 3 and 5 minutes, on average 4 minutes. The
extrudate obtained is cut into pellets and subsequently dried. The pellets have a light colour.

The stability of the pellets is determined with the foaming test and TGA. The results are
summarised in Table 1. It can be seen that the melamine-based flame retardant is very
stable since it does not show foaming at 280°C.

Examples I-{V: Preparation of melamine based flame retardants, by several passes through
an extruder.

The melamine based flame retardant as obtained in Example | is again fed to the twin-screw
extruder and given the same treatment as described in Example 1. A longer reaction time is
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obtained, which amounts to up to 16 minutes by passing the extruder 4 times. The following
residence times are obtained:

Example [I: 2 extruder passes: total residence time = 8 minutes
Example |lI: 3 extruder passes: total residence time = 12 minutes
Example [V: 4 extruder passes: total residence {ime = 16 minutes

The stability of the pellets is determined by applying the foaming test and TGA. The results
are summarised in Table 1. As in Example | the flame retardants as obtained according to
these examples do not show foaming. Furthermore the TGA results show a lower weight loss
of the product of Example IV, which reflects that the stability of the flame retardant is further
increased upon longer total residence time.

Comparative Experiments A, B: Heating of melamine pyrophosphate and pentaerythritol at
250°C, according to Embodiment Il of Table I in US-A-4,010,137.

Melamine pyrophosphate and pentaerythritol are premixed in a high shear mixer at a molar
ratio of 2.2: 1.0. The premix obtained is placed in a beaker that is heated in an oven at
250°C. The heating is conducted for 20 minutes (Comparative Experiment A) or for 40 min-
utes (Comparative Experiment B).

The stability of the obtained product is determined by applying the foaming test. The results

are summarised in Table 1.

Table 1: Stability Tests of melamine based flame retardants
Melamine based flame retardant  Reaction time at 250°C Foaming? TGA®

Obtained according to [minutes] [wi%]
Exampile | 4 NO 7
Example i 8 No

Example Il 12 No

Example IV 16 No 5
Comparative Experiment A 20 Yes
Comparative Experiment B 40 Yes

[ i Ullindr e — it —— E—— N’ o e S— E— e i

*Weight loss in weight% at 300°C
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Example V: The experimental conditions and procedures are the same as the ones applied
in Example | except that the molar ratio of melamine phosphate and pentaerythritol is

1.6 : 1.0 and the additional carrier resin is polypropylene (PP) with a PP: premix ratio of

10 : 90.

Example VI: The experimental conditions and procedures are the same as the ones applied
in Example V except that the additional carrier resin is high HIPS with a HIPS: premix ratio of
10 : 90.

Examples VII-IX: Preparation of a polymer composition comprising the melamine-based
flame retardant according to the invention.

A polymer composition based on polypropylene (PP, homopolymer, melt index 3.4 g/10 min
[according to ISO 1133 (Procedure A) at 230°C, 2.16 kg] comprising the melamine based
flame retardant as obtained according to Example V-VI and two anti-oxidants, is produced.
The composition as defined in Table 2 is fed to a twin-screw exiruder as described in
Example |, which operates at 70 rpm and at a temperature of 190°C. The extrudate leaving
the extruder is cooled in a water bath, cut into pellets and dried. The following polymer
compositions are obtained:

Example VII: The flame retardant composition is prepared according to Example |.

Example VilI: The flame retardant composition is prepared according to Example V.
Example IX: The flame retardant polymer matrix is HIPS and the flame retardant used is pre-
pared according to Example V.

From these pellets test specimen are moulded at a temperature of 250°C. The moulding is
nerformed without problems. No foaming or entrapped gas is found in the test specimen.
Some properties of the specimen are evaluated and are summarised in Table 2. The tensile
strength and impact strength is at the level of pure PP that has tensile strength and impact
strength of 36.1 MPa and 45 I/m, respectively. Furthermore the LOl is increased from 17.5
for pure PP to 28 and the UL 94 level is increased from failure to V-O rating for the polymer
composition.

Comparative Experiment C: Preparation of a polymer composition comprising a mixture of
melamine phosphate and pentaerythritol.

A polymer composition is produced in a manner analogous to Example VIl. As flame retar-
dant a powder mixture of melamine phosphate and pentaerythritol (ratio 2.2: 1.0) is fed to the
extruder together with the polypropylene. The test specimen is moulded analogous to the
procedure as summarised in Example VIl. During moulding foaming occurred. Furthermore,
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the mechanical properties are reduced, as can be seen in Table 2, as compared to pure PP
that has a tensile strength of 36 MPa.

Table 2: Polvmer composition comprising melamine based flame retardant

Composition Example Example Example | Comparative
Vil Vili IX Experiment C

' PP Polymer 74.4 77.2 79.4

HIPS polymer _ 66.1

Reaction product melamine 20.0 20.0 30.0

phosphate and penta- |

erythritol

Carrier Resin 5.0 (Poly- | 2.2 (Poly- | 3.3 (HIPS)

propylene)

Mixture melamine phos- 20

phate and pentaerythritol -

Dilauryl thiodipropionate 0.3 0.3

Bis(2.4-dicumylphenyl pen- 0.3 0.3

taerythritoldiphosphate

Tensile Strength” [Mpa] 27.7

Impact Strength? [J/m] - 44.0

Elongation at Break™ [%] 100.0 2.8
LOIY [%] 23 28 27 24

UL9432mm Failure | V-0 "~ Failure

For pure PP polymer: V36.1 Mpa, 245 J/m, 2410%, ?17.5%, *Failure
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CLAIMS
1. A process for the preparation of a melamine based flame retardant by a

reaction of a melamine comprising compound and a polyol, wherein the melamine
base flame retardant is prepared by reaction of melamine phosphate with
pentaerythritol and the reaction is carried out by reactive extrusion in an extruder in a
molar ratio of the melamine comprising compound to the polyol between 1.0:1.0 and

4.0:1.0 and wherein the reaction is performed at a temperature between 200 and
300°C.

2. A process according to claim 1, wherein the extruder is a twin-screw
extruder.
3. A process according to claim 1 or 2, wherein the reaction of the

melamine comprising compound and the polyol is carried out in the presence of up to
30 weight% of a polymer material.

4. A process according to claim 3, wherein the reaction of the melamine
comprising compound and the polyol is carried out in the presence of

5 to 20 weight% of the polymer matenal.

5. A process according to claim 3 or 4, wherein the polymer material is

selected from the group consisting of polyethylene, polypropylene and high impact
polystyrene.

0. A process according to claim 5, wherein the polyethylene is high-

density polyethylene.
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