
WO 03/031417 PCT/EP02/10994 1 Halogen-free flame retardant compounds The
invention relates to a compound and in particular a halogen-free
flame-retardant com- pound, a method for the preparation thereof, a polymer
composition which contains this  compound, to the use of said halogen-free
compound in a coating composition and a sub- strate containing a coating
formed from the coating composition that has been cured.  Halogen-free
flame-retardant compounds are known in the literature. They contain
nitrogen  or phosphorus compounds or mixtures thereof. Compounds wherein
nitrogen and phospho- rus are present are also useful, such as
melamine-substituted ammonium polyphosphate.  Melamine-substituted ammonium
polyphosphate is disclosed in USA-4,043,987 As op- posed to the statements
in this reference, no melamine-substituted ammonium polyphos- phate is
produced. The reaction product in Example 1 of said publication is wrongly
attributed  to melamine-substituted ammonium polyphosphate. Although the
X-ray diffractogram of am- monium polyphosphate is known since 1965,
clarification of the complete X-ray diffractogram  of the reaction product
formed according to Example 1 of USA-4,043,987 was not possible  until 1997
when at that time the X-ray diffractogram of urea phosphate had become
known.  The reaction product from Example 1 now appears to be a mixture of
ammonium polyphos- phate and urea phosphate. There is no indication that a
melamine-substituted ammonium  polyphosphate has been formed in reality.
Furthermore, the aqueous slurry, made from the  reaction product from
Example 1 of US-A-4,043,987, has a pH of 5.68. This indicates that the
product contains acid groups. As a result this product is less suitable for
use in polymer  compositions. Melamine coated ammonium polyphosphates are
disclosed in EP-A-614 936. There is a  possibility that ammonium is
partially replaced by melamine under the reaction conditions as  mentioned
in this reference. Presumably acidic groups are to a large extent present
in the  melamine-coated ammonium polyphosphate. Presumably an insufficient
amount of ammonia  is present in ammonium polyphosphate, as mentioned in
Example 1 of EP-A-614 936.  Flame-retardant compounds containing acid
groups, such as the ones according to US-A- 4,043,987, present in polymer
compositions have drawbacks. The thermal stability during  (melt)
processing is inadequate. The consequence is that brittle strands are
formed during  



the compounding process, which break and disturb the compounding process.
The object of the invention is to avoid the above-mentioned disadvantage
and to provide an  improved flame-retardant compound. This is achieved by
means of a compound (I): WO 03/031417 PCT/EP02/10994 2
Z1-O-[m(R,PO3),n(R2HPO3)]-Z2 (I), in which [m(R,P03),n(R2HP03)] represent a
copolyphosphate, with m (R,P03) units and n  (R2HPO3) units; R1 represents
an ammonium building block;  R2 represents a 1,3,5-triazine building block;
Z1 and Z2 represent ammonium or 1,3,5-triazine building blocks, to be
chosen independently  of each other; m and n represent whole numbers
greater than or equal to 1; with the proviso that the sum of  m and n is
greater than 3. The compound (I) is characterised by a strong improvement
in the thermal stability during the  processing of polymers. A further
advantage is that during production of a polymer composi- tion with said
compound a compact granulate is obtained. The products made of polymers
containing the compound (I) exhibit good flame-retardant properties and
good mechanical  and electrical properties as well as a good colour. The
polymer compositions are particularly  suitable for technical applications
and uses in the electronics or electrical industry. The water-solubility of
a compound (I) is low, which is particularly suitable for application in
coating compositions or coatings. The general terms used throughout the
description of this application have the following  preferred meanings: The
term copolyphosphate is understood to mean both a random, alternating
copolyphos- phate and a block copolyphosphate. An ammonium building block
is understood to be an ammonium compound, for example  NH4, or an ammonium
derivative. A 1,3,5-triazine building block understood to be a mela- mine
or a melamine derivative. Suitable 1,3,5-triazine building blocks are
melamine, ammeline and ammelide, condensation  products of melamine such as
melam, melem or mixtures thereof. 



Preferably melamine, ammelide or ammeline is used as 1,3,5-triazine
building block. Mela- mine is particularly preferred as 1,3,5-triazine
building block. Preferably the copolyphosphate is an alternating
copolyphosphate. The mutually alternating  triazine and ammonium building
blocks can in this way form a `zip fastener' with a nearby  chain of
another molecule so that a high thermal stability is achieved. WO 03/031417
PCT/EP02/10994 -3 Preferably the sum of m and n is greater than 20, even
more preferably greater than 50. It  has been found that compounds (I)
wherein the sum of m and n is greater than 50 have a  higher thermal
stability. The compounds (I) are not necessarily limited to those of a
linear structure. The corre- sponding branched or cyclic structures are
also applicable. Branches or ring structures can  be formed via the P or N
of the phosphate building block or the 1,3,5-triazine or ammonium  building
block. Due to the absence of acid groups in the compound (I), the aqueous
slurry of  this product has a pH of at least 7. To further improve the
compatibility with polymers or optionally to further lower the solubility
in water, the compound (I) can be coated. This coating may involve
providing the com- pound (I) with a layer of for example a polymer,
including urea-formaldehyde resin, a silicate,  zirconate or titanate
compound. This coating can be carried out for example by placing the
compound (I) in a fluid bed at a higher temperature, for example 120C, and
spraying the  compound with, for example, an aqueous solution of a
urea-formaldehyde resin. The solution  may have a temperature of, for
example, 60C. The urea-formaldehyde resin will thus be de- posited on the
compound, while the water evaporates from the solution. Generally the quan-
tity of coating will be less than 1 wt.%. The invention also relates to a
method for the preparation of a compound (I). A method for preparing a
substituted ammonium polyphosphate is known from US-A- 4,043,987. In said
publication a condensed phosphoric acid and a nitrogen compound are  heated
above 150C. It has been demonstrated, however, that in this method no
substitution  of a 1,3,5-triazine, in this case melamine, on ammonium
polyphosphate takes place, but that  only a mixture of ammonium
polyphosphate and urea phosphate is formed. Moreover, an  aqueous slurry
made of the reaction product from Example 1 of US-A-4,043,987 has a pH  



which is lower than 7. This points to the presence of acid groups in the
ammonium polyphos- phate. Another method for preparing substituted
polyphosphates, `amide polyphosphates', is dis- closed GB-A-1440 220. A
phosphorus compound and a nitrogen compound are combined  with urea and/or
urea phosphate and heated to a temperature between 150 and 350C, op-
tionally in the presence of ammonia. It has been now been found that
1,3,5-triazine-substi- tuted ammonium polyphosphates are not prepared under
these conditions with said raw  materials. Only mixtures of ammonium
phosphates and melamine phosphates are formed. According to the method
according to the present invention for the preparation of the com- pound
(I), a starting material that contains a phosphate building block, a
1,3,5-triazine build WO 03/031417 PCT/EP02/10994 4 ing block and an
ammonium building block, which may also contain an -OH group, is heated
under a partial ammonia pressure of at least 0.005 MPa at a temperature
between 200 and  400C. Preferably the phosphate building block contains a
1,3,5-triazine building block, an  ammonium building block and an -OH
group. During the process a 1,3,5- triazine ammonium polyphosphate is
formed, while water is re- leased. At temperatures below 200C the process -
a polycondensation reaction - is gener- ally too slow, while above 400C
degradation of the polyphosphate occurs. At the ammonia  pressure lower
than 0.005 MPa NH3 is split off from the polyphosphate, as a result of
which  undesirable acid groups are formed. A phosphate building block
comprises any partial structure containing P043" or a derivative  thereof,
for example a pyrophosphate. Preferably the process temperature lies
between  240C and 330C. This gives a practical optimum between reaction
rate and the use of ele- vated temperatures in installations. Preferably
the reaction is carried out at a partial ammonia pressure lower than 5 MPa.
Above  5 MPa extremely high requirements are to be met by the construction
materials of the instal- lation in which the reaction is carried out. For
large- scale operation a partial ammonia pres- sure range from 0.005 to
0.03 MPa is preferred. The reaction time generally is between 30  min. and
5 h. In the process according to the invention
1,3,5-triazine-ammonium-phosphate and 1,3,5-tri- 



azine-ammonium-pyrophosphate are preferred, in particular the compounds
which contain  melamine as 1,3,5-triazine, on account of the wide
commercial availability of melamine. In  this case these are the compounds
melamine ammonium phosphate dihydrate and mela- mine ammonium
pyrophosphate. Also suitable are 1,3,5-triazine building blocks, which have
a phosphorus substituent and/or  an ammonium building block that has a
phosphorus substituent. These substituted building  blocks can be present
in the simple compound already before the reaction, but can also be  formed
during the reaction. To be considered in this respect is a 1,3,5-triazine
building block  and/or ammonium building block of the first main chain,
which reacts or is substituted with a  phosphorus component of a second
main chain. Optionally it may be decided to add a latent ammonia source,
including urea. The water re- leased during the polycondensation reaction
then causes urea to decompose into ammonia  and carbon dioxide. The
quantity of urea to be added preferably is less than 2 moles per  mole of
the simple compound. This ensures a good balance between the formation of
water  from the polycondensation reaction and the reaction of this water
with urea. Likewise extra WO 03/031417 5 PCT/EP02/10994 urea can be added
to bind any water of crystallisation present in the simple compound. Pref-
erably this extra quantity of urea is equimolar to the quantity of water of
crystallisation. The present invention also relates to a polymer
composition that shows a good processabil- ity, colour and flame-retardant
properties. The polymer composition comprises the following  components:
35-99 wt.% polymer; 0-80 wt.% reinforcing agents and/or fillers;  1-50 wt.%
of a compound (I); < 10 wt.% ammonium polyphosphate (APP); wherein the
weight percentages relate to the total weight of the polymer composition.
Preferably the polymer composition contains less than 5 wt.% APP and in
particular less than  2 wt.%, similarly related to the total weight of the
polymer composition. In view of the stability  during processing a low APP
content is important particularly for polymers, which are proc- 



essed at temperatures above 200C. It has been found that flame-retardant
polymer compositions according to the present inven- tion exhibit an
excellent thermal stability, are excellent flame retardants and give almost
no  deposits during processing, for example melamine deposits in
compounding or injection  moulding equipment. The compound (I) has a low
sensitivity to hydrolysis and is poorly solu- ble in water. The present
invention also relates to a polymer composition, wherein the compound (I)
is  present in a synergistic combination with other flame-retardant
components and/or reinforc- ing agents and/or fillers. In addition, the
usual additives can be present, such as for example heat and UV-stabilisers
- including phenolic antioxidants, aromatic amines, phosphites, sulphides,
metal salts - par- ticularly copper salts -, UV absorbers, HALS compounds
(hindered amine light stabilisers)  and metal deactivators; release agents,
flow promoting agents, plasticisers, lubricants and/or  dispersing agents,
including metallic soaps, montanic acid and montanic acid derivatives,
fatty acids, fatty acid amides, fatty acid esters, polyethylene waxes -
whether or not polar -,  paraffin waxes and/or fluoropolymers, nucleating
agents and antistatics. Use will generally be  made of less than 1 wt.%,
relative to the total composition, per additive. This holds insofar as
these additives do not have an adverse effect on the properties of the
polymer composition. WO 03/031417 6 PCT/EP02/10994 Polymer compositions
which can be made flame-retardant with the compound (I) are pref- erably
based on polymers that require heat-resistant flame retardants such as
polyamides,  polyimides, polyesters, polystyrenes, polyurethanes, epoxy
resins, polycarbonates, polypro- pylene and mixtures of these materials.
Examples of polyamides are polyamides and co polyamides which have been
derived from  diamines and dicarboxylic acids and/or from aminocarboxylic
acids or the corresponding  lactams, such as polyamide 4, polyamide 6,
polyamide 11, polyamide 12, polyamide 6/6, 4/6,  partially aromatic (co)
polyamides, for example polyamides based on an aromatic diamine  and adipic
acid; polyamides prepared from an alkylene diamine and iso- and/or
terephthalic  acid and co polyamides thereof. 



Examples of polyesters are polyesters derived from dicarboxylic acids and
dialcohols and/or  from hydroxycarboxylic acids or the corresponding
lactones, including polyethylene  terephthalate, polypropylene
terephthalate, polybutylene terephthalate, poly- 1,4-dimethylol-
cyclohexane terephthalate, polycaprolactone and co polyesters thereof.
Polystyrenes are also understood to be syndiotactic polystyrene and
high-impact polystyrene  (HIPS). Examples of polyurethanes are
polyurethanes derived from diols or polyfunctional  polyols and
diisocyanates, including 1.6-hexamethylene diisocyanate, methane diphenyl
diisocyanate (MDI) and toluene diisocyanate-2.4 and -2.6 (TDI). Preferably
the compound (I) is applied in polymer compositions with polyethylene
terephtha- late and/or polybutylene terephthalate, with polybutylene
terephthalate being given special  preference, or with polyamides such as
Nylon(r) 6, 6,6 or 4,6 or with polyurethanes or poly- urethane foam.
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. The
flame-retardant property of the polymer composition can be reinforced by
the presence  of a compound working synergistically for the compound (I).
This generally makes it possible  for a lower content of the compound (I)
to be chosen. An example of a compound with a syn- ergistic effect is a
carbon-forming compound, whether or not in combination with a catalyst
promoting the formation of carbon. As carbon-forming compounds in principle
all known substances can be considered that can  reinforce the
flame-retardant properties of flame-retardant polymer compositions by means
of  the formation of carbon caused by the fire. The concentration in the
total polymer compo WO 03/031417 PCT/EP02/10994 7 sition of the compound
working synergistically for the compound (I) generally is between 0  and 30
wt.%. Useful as catalyst promoting the formation of carbon are e.g. metal
salts of tungstic acid, or a  complex acid oxide of tungsten with a
metalloid, or salts of tin oxide. Metal salts of tungstic  acid are
preferably alkali metal salts of tungstic acid and in particular sodium
tungstate. A  



complex acid oxide of tungsten with a metalloid is understood to mean, for
example, a  silicotungstic acid or phosphotungstic acid. The quantity of
catalyst promoting the formation of carbon that is used in the polymer
composition amounts to 0.1-5 wt.%, preferably 0.1-2.5 wt.%. The
flame-retardant properties of the compound (I) according to the invention
can be  reinforced further when the polymer composition comprises at least
one additional flame- retardant component. As additional flame-retarding
component in principle all known flame- retardants can be considered.
Examples are antimony compounds, such as for example  antimony trioxide or
sodium antimonate, in combination with halogen compounds; earth alkali
metal oxides, for example zinc oxide, magnesium oxide; other metal oxides,
for example  alumina, silica, iron oxide and manganese oxide; metal
hydroxides, for example magnesium  hydroxide and aluminium hydroxide;
nano-composites; clay such as for example  montmorillonite clay and kaolin
clay; treated clay such as clay treated with primary  ammonium compounds or
with quaternary ammonium compounds or with melamine or with
phosphorus-containing compounds; silicon-containing compounds such as for
example  silicates, organosilicon compounds, aromatic organosilicon
compounds and silicates,  titanates and zirconates; metal borates, for
example zinc borate, whether or not hydrated;  melamine sulphate;
phosphorus-containing compounds such as for example phosphates,  phosphate
esters, phosphonates, phosphinates, phosphines, phosphine oxides and
phosphites; nitrogen-containing compounds such as melamine cyanurate,
melamine  polyphosphate, higher condensation products of melamine such as
melem and melam.  Preferably phosphates, phosphinates and/or phosphonates
are used as the phosphorus- containing compound. Even more preferably
calcium, zinc or aluminium phosphinates are  used. The content of these
phosphorus-containing compounds in the polymer composition may  vary
between 0 wt.% and 25 wt.%, relative to the weight of the total
composition. Other known compounds present in flame-retardant compositions,
such as the anti-drip  agent polytetrafluoroethylene, may also be present.
The content thereof will be generally WO 03/031417 8 PCT/EP02/10994 



lower than 5 wt.%, preferably lower than 1 wt.%, relative to the weight of
the total  composition. The content of other flame-retardant components
applied in the total polymer composition  may vary between broad limits;
generally their content lies between 1 and 50 wt.%, relative  to the weight
of the total composition. If reinforcing agents and/or fillers are applied
in the polymer composition, their content may  vary between broad limits
and this content is partly determined by the level of (mechanical)
properties which one wishes to achieve. Generally the reinforcing
agents/fillers content will  be not more than-80 wt.% of the total
composition. Preferably a reinforced polymer composition will contain 5-50
wt.% reinforcing agents, more preferably 15-45 wt. %.  Examples of
reinforcing agents are mica, clay, talc, glass fibres, glass beads, glass
flakes,  aramid fibres and carbon fibres. Reinforcing materials can be
applied in the form of fibres,  beads, plates, etc. Different reinforcing
agents can be combined. However, optical glass  fibres are preferred.
Fillers are understood to be pigments and/or dyes. The polymer composition
according to the invention can be prepared using the conventional
techniques known per se, for example by dry mixing all or a number of
components in a  tumbler, high-shear mixer, etc., followed by addition of
or to the polymer. Liquid resins, for  example alkyd resins, can be added
directly to the mixer, while solid thermoplastics are  melted in a melt
mixer, for example a Brabender mixer or a single- or twin-screw extruder or
a kneader, after which the flame-retardant and other components can be
added. Preferably a  twin-screw extruder is used. The different components
of the polymer composition can be metered together to the throat  of the
extruder. They can be also metered to the extruder at different places. A
number of the  components that may be present, such as for example dyes,
stabilisers, the flame-retardant  composition, compounds working
synergistically for the compound (I) and/or other flame- retardant
components, can be added to the polymer for example in the form of a
concentrate,  for example in the form of a master batch. The
flame-retardant polymer composition according to the invention can be
processed using  techniques known to the person skilled in the art, for
example injection moulding, into semi- finished products or final products
or can be used as coating composition via known application techniques. 



The invention also relates to the use of the compound (I) in a coating
composition. Such  coating compositions can be applied to, inter alia,
wood, metal, stone, plastics, fibres and  textile, in which case the poor
water solubility of the compound (I) is an advantage. WO 03/031417
PCT/EP02/10994 9 Finally, the invention relates to a substrate containing a
coating, formed from a coating com- position that has been cured,
containing the compound (I). The substrate is not necessarily limited. All
substrates, which are normally provided with a  coating, can be considered,
such as for example wood, plastic/polymer, metal, glass, etc.  The
substrate can further have the form of a straight or curved surface or a
three-dimen- sional moulded article. Fibres, (mono) filaments as well as
fabrics thereof can be considered. The invention is further elucidated on
the basis of the following examples and comparative  experiments: Examples
Definition of measurement methods used:  Slurry pH: is measured, at room
temperature, after one hour's stirring of slurry with  10 wt.% of the
compound according to the invention, in water.  Flame retardation: The
flame retardation is measured on test bars, which are subjected to  the
test method according to Underwriters Laboratories Inc., Bulletin 94,
Combustion Test  for the Classification of Materials. According to this
test method, the materials thus tested  are classified as UL94 V0, UL94 V1
or UL94 V2 on the basis of the results obtained. In  this context the
highest class, V0, represents good flame retardation.  Water solubility: is
determined by adding 10 g of the compound to 100 ml water and stir- ring
this for 1 hour, at room temperature  Comparative tracking index (CTI): is
measured according to IEC 60112 Comparative Experiment A 47 g Urea is
added, with stirring, to 100 g condensed phosphoric acid. Subsequently 8 g
melamine is added to the resulting liquid mixture. The mixture is then
placed in a furnace at  240C for 10 min. The reaction product has a
solubility of 5.4 g per 100 ml water. The slurry  pH is 5.68. The product
is ground and heated for 13 h in a pressurised reactor at 0.4 MPa and 170C.



The slurry pH of this product is 6.63. An X-ray diff ractogram is recorded
using X-ray diff raction. During X-ray diff raction a crystal- line
substance gives a specific number of reflections to the crystal lattice.
This is evident in a  diff ractogram characterised with a number of lines,
the so-called fingerprint. The combination  of lines in the diff ractogram
identifies the substance. Diff ractograms of various compounds WO 03/031417
-10 PCT/EP02/10994 can be found in several databases. In the clarification
of the diffractograms of the present in- vention use is made of ICDD data
(International Centre for Diffraction Data). The diffractogram of the
reaction product formed in Comparative Experiment A is included in  Table
1. Table 1 shows that the reaction product consists of a mixture of
ammonium poly- phosphate and urea phosphate. Melamine-substituted ammonium
polyphosphate is not pre- sent. Table 1: X-ray diffractogram of the
reaction product of Comparative Experiment A Lined, A20Line belonging to
compound 16.01714.711 25.70515.522 35.56415.911 45.42016.341 53.80823.341,
2 63.57724.871, 2 73.49125.491, 2 83.41226.091, 2 93.23027.591, 2
103.14628.342 113.09328.841 123.00229.742 132.92530.541, 2 142.88330.991, 2
152.81731.741 



162.74732.571, 2 172.63833.961, 2 182.53835.341, 2 192.41637.191, 2
202.35238.241, 2 212.28839.341 1= ammonium polyphosphate (form 2)  2 = urea
phosphate WO 03/031417 PCT/EP02/10994 -11 Elemental Analysis: C: 4%; N:
18%; P: 29%; H: 4%; 0: 45%. This proves that no melamine-substituted
ammonium polyphosphate has been formed in Ex- ample 1 of US-A-4,043,987.
Example I 554 g Melamine ammonium phosphate dihydrate ('MAP .2H20 salt') is
introduced into a pres- surised reactor. The partial ammonia pressure in
the pressurised reactor is set at 1.2 MPa;  the temperature is set at 315C.
The total reaction time, at a temperature above 200C, is  about 2 h, of
which 30 min. at 315C. The reaction product is identified with X-ray
diffraction, elemental analysis, 31P-NMR and pH- measurement:  Comparison
of the X-ray diffractogram from Table 2a with Table 2b shows that a new
compound has been formed;  Nitrogen elemental analysis proves that melamine
and ammonium are present in the  reaction product;  31P-NMR proves that the
formed product is a polyphosphate with a degree of polymerisa- tion ('m+n')
of 30;  The slurry pH of the formed reaction product is 7.8, which means
that no acid groups are  present. The conclusion can be drawn from the
above that a new compound is formed, which con- tains melamine, ammonium
and a polyphosphate: a melamine ammonium polyphosphate (a  `MAPP'). 



The water solubility of the melamine ammonium polyphosphate is 1.1 g per
100 ml water.  The X-ray diffractogram of this melamine ammonium
polyphosphate is shown in Table 2a. In  Table 2b the first 25 lines of
melamine ammonium phosphate dihydrate are given. WO 03/031417
PCT/EP02/10994 -12 Table 2a: X-ray diffractogram of the reaction product
from Example I Lined, AI/lo 18.0712 26.8569 36.6112 45.609100 55.31112
63.67745 73.42372 83.25514 93.17223 103.06012 112.81424 122.69022 132.35712
WO 03/031417 PCT/EP02/10994 -13 Table 2b: First 25 lines of the starting
material for the reaction in Example I: melamine  ammonium phosphate
dihydrate (Source: ICDD 44-1709) Lined (A)1/l 16.9285 26.0815 35.9464
45.7119 55.0815 65.019 



74.93117 84.72820 94.60061 104.4105 114.1204 124.0285 133.97212 143.90215
153.65121 163.63225 173.45368 183.303100 193.23422 203.19318 213.14053
223.1075 233.03211 242.99714 252.9406 Melamine ammonium phosphate is
completely converted into a melamine ammonium poly- phosphate. Example II
In a pressurised reactor 1108 g melamine ammonium phosphate dihydrate
(`MAP.2H20 salt')  is contacted with 600 g urea. The partial ammonia
pressure in the reactor initially is WO 03/031417 PCT/EP02/10994 -14 0.05
MPa. The temperature of the pressurised reactor is increased to
approximately 315C.  The total reaction time at a temperature above 200C is
around 2 h, of which 30 min. at  315C. The degree of polymerisation ('m+n')
of the formed melamine ammonium polyphosphate is  determined with 31P-NMR
and is found to be 120. The slurry pH of the formed reaction prod- 



uct is 7.4. The water solubility of the melamine ammonium polyphosphate is
1.0 g per 100 ml  water. Example III In a pressurised reactor melamine
ammonium pyrophosphate is heated stepwise to 315C  under a partial ammonia
pressure of 2 MPa and is subsequently polymerised for 1 hour at  315C to
form a melamine ammonium polyphosphate. The advantage of stepwise heating
is  that it prevents deposits of reaction products on the reactor wall -
the so-called scaling. The reaction product is identified with X-ray
diffraction, elemental analysis, 31P-NMR and  pH-measurements:  The X-ray
diffractogram of Table 3 proves that a new compound has been formed;
Nitrogen elemental analysis proves that melamine and ammonia are present in
the reac- tion product;  31P-NMR proves that the formed product is a
polyphosphate with a degree of polymerisa- tion ('m+n') of 50;  The slurry
pH of the formed reaction product is 7.0, which means that no acid groups
are  present in the reaction product; WO 03/031417 -15 Table 3: X-ray
diffractogram of the reaction product from Example III PCT/EP02/10994 LineD
(A)1/l0 18.0029 26.7653 36.5341 45.54100 55.2633 63.72525 73.65145 83.46028
93.39571 103.28426 



113.18464 From the above the conclusion can be drawn that a new compound is
formed, which con- tains melamine, ammonium and a polyphosphate (melamine
ammonium polyphosphate). In  view of the fact that a starting material is
used, which differs from the one used in Example I,  this copolyphosphate
has a different incorporation of ammonium and melamine, resulting in a
different crystal lattice. This is manifested in a new X-ray diffractogram,
other than the dif- fractogram belonging to the melamine ammonium
polyphosphate obtained via experiment I. Comparative Experiment B 180.17 g
Monoammonium phosphate and 40.14 g of a melamine phosphate compound are,
introduced into a furnace. While the material is being stirred, the
temperature is increased to  190C and subsequently stepwise to 260C. The
total reaction time is 3 h. During the syn- thesis ammonia is released. The
reaction product has a lower solubility than APP, 1.7 g in  100 ml water.
The X-ray diffractogram in Table 4 proves that the reaction product
consists of a mixture  of ammonium polyphosphate and melamine
pyrophosphate.  Thermographic analysis, TGA, proves that the
thermostability of the reaction mixture is  comparable with that of APP.
The mass loss starts at around 220C.  The slurry pH is 5.7, which
demonstrates that the reaction mixture contains acid groups. WO 03/031417
-16 PCT/EP02/10994 Table 4: X-ray diff ractogram of the substance obtained
in Comparative Experiment B Lined, ALine belonging to compound 110.83
27.383 36.891 46.631 56.031 65.421 74.963 84.753 



94.523 103.8161 113.4981 1= ammonium polyphosphate (form 1)  3= melamine
pyrophosphate Comparative Experiment C 204.05 g Melamine phosphate and
158.07 g urea phosphate are introduced into a furnace.  The temperature is
increased to 190C and subsequently stepwise to 260C while stirring.  The
total reaction time is 3 h. During the synthesis ammonia is released. The
reaction prod- uct has lower water solubility than APP, 1.2 g in 100 ml
water. The reaction product consists  of a mixture of ammonium
polyphosphate and melamine pyrophosphate. The X-ray diff racto- gram is
comparable with the diffractogram from Comparative Experiment B. The
stability in  TGA is likewise comparable with that of the reaction product
from Comparative Experi ment B. Comparative Experiment D 31.5 g Melamine
and 158.07 g urea phosphate are introduced into a furnace. The tempera-
ture is increased to 190C and subsequently stepwise to 260C while stirring.
The total reac- tion time is 3 h. During the synthesis ammonia is released.
The reaction product has lower  water solubility than APP: 2.1 g in 100 ml
water.  The X-ray diffractogram in Table 5 shows that the reaction product
consists of a mixture of  ammonium polyphosphate and free melamine;  The
stability of the reaction product in TGA is comparable with that of the
reaction product  from Comparative Experiment B (mass loss starts at 230C).
WO 03/031417 PCT/EP02/10994 -17 Table 5: X-ray diff ractogram of the
substance obtained in Comparative Experiment D Lined, ALine belonging to
compound 111.84 210.84 36.891 46.631 



56.031 65.431 74.984 84.084 94.014 103.8161 113.4981 1= ammonium
polyphosphate, (form 2)  4= melamine Comparative Experiment E 204 g
Melamine phosphate, 230 g monoammonium phosphate and 60 g urea are
introduced  into a closed furnace. The temperature is subsequently
increased stepwise to approximately  310C. The total reaction time is 4 h.
The reaction product has lower solubility than APP: 1.8 g in 100 ml water.
The thermostability measured with TGA is comparable with that of APP (mass
loss starts at  approximately 220C). The X-ray diff ractogram in Table 6
proves that a mixture of ammo- nium polyphosphate and melamine
polyphosphate has been formed; WO 03/031417 PCT/EP02/10994 -18 Table 6.
X-ray diffractogram of the substance obtained in Comparative Experiment E
Lined, ALine belonging to compound 110.75 28.015 36.891 46.631 56.031
65.441 74.865 84.165 93.9795 103.8161 



113.4981 1=ammonium polyphosphate (form 2)  5=melamine polyphosphate
Comparative Experiment F 31.5 g Melamine, 230 g monoammonium phosphate and
60 g urea are introduced into a  closed furnace. The temperature is
subsequently increased stepwise to approximately  310C. The total reaction
time is 4 h. The reaction product has a lower solubility than APP: 2.5 g in
100 ml water. The thermosta- bility measured with TGA is comparable with
that of APP (mass loss starts at approximately  220C). The X-ray diff
ractogram in Table 7 shows that mainly ammonium polyphosphate and  free
melamine are present in the reaction product. WO 03/031417 PCT/EP02/10994
-19 Table 7: X-ra diffractoaram of the substance in Comparative Ex eriment
F LineD, ALine belonging to compound 110.84 26.026 35.426 45.024 54.094
65.456 74.004 83.8125 93.4956 103.4076 4= melamine r melamine polyphosphate
6= ammonium polyphosphate (`form 1') Example IV Starting from the melamine
ammonium polyphosphate from Example I a polymer composi- tion containing
polyamide, a so-called polyamide compound, is prepared. The following ma- 



terials are added to a Werner & Pfleiderer ZSK30/33D twin-screw extruder:
Polyamide 6 (Akulon(r) K123 - DSM) 35.0 wt.%  Compound from Example I 35.0
wt.%  Glass fibres (OCF 173 X10C) 30.0 wt.% The extruder is provided with
vacuum degassing. The degassing is set at a vacuum of  0.08 MPa. The
polymer strands obtained are passed through a cooling tank with water and
subsequently chopped into granulate. The granulate is compact and has a
light cream col- our. Using a Battenfeld injection moulding machine type
BA350 CDplus test bars with a thickness  of 1.6 mm are manufactured
according to Underwriter's Laboratories UL94. The melt tem- perature is set
at 275C, the mould temperature is 85C. Injection moulding took place with-
out problems, the products has a good mould release behaviour and no
material is deposited  in the mould. The product has a creamish colour. The
flame retardation of the test bars is determined according to Underwriter's
Laboratories  UL94. The test bars achieved good flame retardation,
classified as VO according to UL94. WO 03/031417 PCT/EP02/10994 -20 As
electrical property the CTI, the comparative tracking index, is measured.
The value found  is 350 Volt. Comparative Experiment G Starting from the
product from Comparative Experiment A the polyamide compound is pre- pared.
The following materials are added to a Werner & Pfleiderer ZSK30/33D
twin-screw  extruder: Polyamide 6 (Akulon(r) K123 - DSM) 35.0 wt.%
Compound from Comparative Experiment A 35.0 wt.%  Glass fibres (OCF 173
X10C) 30.0 wt.% The extruder is provided with vacuum degassing. The
degassing is set at a vacuum of  0.08 MPa. Upon degassing ammonia is
detected by means of Drager(r) tubes. The quantity  of ammonia released is
higher by a factor of 5 than in Example IV. The polymer strands, which
exited from the head of the extruder, are swollen and regularly  exhibited
strand breakage, so that the compounding process has to be interrupted. The



strands are led through a cooling tank with water and subsequently chopped
into granulate.  While the strands are being led through the water in the
cooling tank, the water showed a  bluish discoloration and a soap-like
layer is formed on the water surface. In addition, strong  discoloration of
the polymer strand and thus of the granulate occurred. By means of a
Battenfeld injection moulding machine type BA350 CDplus test bars with a
thickness of 1.6 mm are manufactured according to Underwriter's
Laboratories UL94. The  melt temperature is set at 275C, the mould
temperature is 85C. During injection moulding  the following problems
occurred: the products adhered in the mould and as a result are  poorly
released from the mould. In the products cavities resulting from gas
bubbles are ob- served. The flame retardation of the test bars is
determined according to Underwriter's Laboratories  UL94. The test bars
achieved a flame retardation classified as VO according to UL94. The CTI is
less than 175 Volt. Comparative Experiment H Starting from the product from
Comparative Experiment D a polyamide compound is pre- pared. The following
materials are added to a Werner & Pfleiderer ZSK30/33D twin-screw
extruder: WO 03/031417 PCT/EP02/10994 -21 - Polyamide 6 (Akulon(r)K123 -
DSM)35.0 wt.% Compound from Comparative Experiment A35.0 wt.% Glass fibres
(OCF 173 X10C)30.0 wt.% The extruder is provided with vacuum degassing. The
degassing is set at a vacuum of  0.08 MPa. Upon degassing ammonia is
observed. The degassing is blocked within half an hour as a result of
sublimated melamine and there- fore has to be regularly cleaned. At the
head of the extruder, where the polymer strands ex- ited before reaching
the cooling tank, a white vapour is observed. This vapour turned out to  be
sublimating melamine. The polymer strands obtained, which have a swollen
appearance, are led through a cooling  tank with water and are subsequently
chopped into granulate. Strand breakage occurred  regularly. While the
strands are being led through the water in the cooling tank, the water  



showed a bluish discoloration and a deposit is observed on the surface of
the cooling water.  In addition, strong discoloration of the strand and
thus of the granulate took place. By means of a Battenfeld injection
moulding machine type BA350 CDplus test bars with a  thickness of 1.6 mm
are manufactured according to Underwriter's Laboratories UL94. The  melt
temperature is set at 275C, the mould temperature is 85C. During injection
moulding  the products adhered in the mould, mould release is poor.
Furthermore a deposit is formed in  the mould so that the mould has to be
regularly cleaned. The test bars displayed discolora- tions and stains. The
flame retardation of the test specimens is determined according to
Underwriter's Labo- ratories UL94. The test specimens achieved a VO
classification. WO 03/031417 PCT/EP02/10994 -22 Claims 1. A compound of the
formula  Z1-O-[m(R,PO3),n(R2HPO3)]-Z2 (I), in which [m(R1P03),n(R2HPO3)]
represent a copolyphosphate, with m (R1P03) units and n  (R2HPO3) units; R1
represents an ammonium building block;  R2 represents a 1,3,5-triazine
building block; Z1 and Z2 represent ammonium or 1,3,5-triazine building
blocks, to be chosen independ- ently of each other; m and n represent whole
numbers greater than or equal to 1; with the proviso that the  sum of m and
n is greater than 3. 2. A compound according to claim 1, wherein the
copolyphosphate consists of an alternat- ing copolyphosphate. 3. A compound
according to claim 1, in which the sum of m and n is greater than 20. 4. A
compound according to claim 1, in which melamine, ammeline, ammelide or
condensa- tion products of melamine including melam, melem or mixtures
thereof are used as triaz- ine building block. 5. Method for the
preparation of the compound according to claim 1, characterised in that a  



simple compound containing a phosphate building block, a 1,3,5-triazine
building block  and an ammonium building block is heated under a partial
ammonia pressure of at least  0.005 MPa at a temperature between 200 and
400C. 6. A polymer composition, wherein the compound (I) is present in a
synergistic combination  with other flame-retardant components and/or
reinforcing agents and/or fillers. 7. A polymer composition comprising:
35-99 wt.% polymer; 0-80 wt.% reinforcing agents and/or fillers;  1-50 wt.%
compound (I); < 10 wt.% ammonium polyphosphate, 8. A polymer composition
according to claim 6, wherein less than 5 wt.% APP, relative to  the total
weight of the polymer composition, is present. WO 03/031417 PCT/EP02/10994
-23 9. A polymer composition according to claim 7, wherein less than 2 wt.%
APP, relative to  the total weight of the polymer composition, is present.
10. A substrate comprising a coating, formed from a coating composition
that has been  cured, containing the compound according to claim 1. 


