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fornmed 8 pﬁ@d urea ph sp ate. There is no Iindication thata Mmefamine- substl uted ammonium
polyphosphate has been formed in reality. Furthermore, the aqueous sluiry, 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 (1):
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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 (1) 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
NH,, 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.
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made of _t he reaction Qroduct from Exanple 1 of US-A-4 043,987 has a pH
The invention also relates to a method for the preparation of a compound (1).

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 150°C. 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-1 440 220. A phosphorus compound and a nitrogen compound are combined
with urea and/or urea phosphate and heated to a temperature between 150 and 350°C, 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 (1), a starting material that contains a phosphate building block, a 1,3,5-triazine build-
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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
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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.
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polyols and diisocyanates, including 1.6-hexamethylene diisocyanate, methane diphenyl
diisocyanate (MDI) and toluene diisocyanate-2.4 and —2.6 (TDI).

Preferably the compound (1) 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® 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 (1). 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-



Exanpl es of pol yesters are pol yesters derived from di carboxylic acids and
di al cohol s and/or from hydroxycarboxylic acids or the correspondi ng

| act ones,wpnslosdihg pol yet hyl ene terephthal ate, pol ypr opPC&EP02/10994

t erepht hal ate, pol ybutyl ene terephthal ate, poly- 1, 4-dinethylol-

cycl ohexane terephthal ate, pol ycaprol actone and co pol yesters thereof.

Pol ystyrenes are al so understood to be syndiotactic pol ystyrene and

hi gh-i npact polystyrene (H PS). Exanples of polyurethanes are
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tungst atrﬁontﬁén‘orillonite 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



conpl ex acid oxide of tungsten with a netalloid is understood to nean, for
exanple, a silicotungstic acid or phosphotungstic acid. The quantity of
cat al yst wowmaosi4ny the formati on of carbon that is used i RCTHPOpUI9Y4Er
conposition anounts to 0.1-5 w.% preferably 0.1-2.5 w.% The
flame-retardant properties of the conpqgnd (1) according to the invention
can be reinforced further when the pol yner conposition conprises at |east
one additional flame- retardant conponent. As additional flane-retarding
conponent in principle all known flane- retardants can be consi dered.
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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 (1) 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 (1) is an advantage.



|l ower than 5 wt.% preferably lower than 1 wt.% relative to the wei ght of
the total conposition. The content of other flane-retardant conponents
appl i ed iwotoB@3ter al pol yner conposition may vary betweeRChEPaz1d941it s;
generally their content lies between 1 and 50 wt.% relative to the weight
of the total conposition. If reinforcing-agents and/or fillers are applied
I n the polynmer conposition, their content nay vary between broad |imts
and this content is partly determ ned by the | evel of (mechanical)
properties which one wishes to achieve. Generally the reinforcing
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o 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

o Comparative tracking index (CT!): 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
240°C 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 170°C.
The slurry pH of this product is 6.63.

An X-ray diffractogram is recorded using X-ray diffraction. During X-ray diffraction a crystal-
line substance gives a specific number of reflections to the crystal lattice. This is evident in a
diffractogram characterised with a number of lines, the so-called fingerprint. The combination
of lines in the diffractogram identifies the substance. Diffractograms of various compounds



The invention also relates to the use of the conmpound (1) in a coating
conposition. Such coating conpositions can be applied to, inter alia,

wood, mnetwbD,0388@me, plastics, fibres and textile, in whi ®ETERSZ1WMME pooOr
wat er solubility of the conpound (1) is an advantage. WD 03/031417

PCT/ EP02/10994 9 Finally, the inventiogRgrelates to a substrate containing a
coating, forned froma coating com position that has been cured,

contai ning the conpound (1). The substrate is not necessarily limted. A
substrates, which are nornally provided with a coating, can be considered,
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added, Wi th stfrrisngy tof 10Qggscondensed phosphpric acid. Supsequently 8 g
mel am f et—to—therresuttng—t+eaua—rxture—Fhe—xttfe i s then
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r 7 3.491 25.49 1,2

8 3.412 26.09 1,2

9 3.230 27.59 1,2

10 3.146 28.34 2

11 3.093 28.84 1

12 3.002 29.74 2

13 2.925 30.54 1,2

14 2.883 30.99 1,2

15 2.817 31.74 1

16 2.747 32.57 1,2

17 2.638 33.96 1,2

18 2.538 35.34 1,2

19 2.416 37.19 1,2

20 2.352 38.24 1,2

21 2.288 39.34 1

1 = ammonium polyphosphate (form 2)
2 = urea phosphate



The slurry pH of this product is 6.63. An X-ray diff ractogramis recorded
using X-ray diff raction. During X-ray diff raction a crystal- line

subst ancew@ios@31487 speci fi ¢ nunber of reflections to the cPgItER2/IE@Y4 1 ce.
This is evident in a diff ractogram characterised with a nunber of |ines,
the so-called fingerprint. The conbinatjon of lines in the diff ractogram
I dentifies the substance. Diff ractogra of various conpounds WO 03/031417
-10 PCT/ EPO2/ 10994 can be found in several databases. In the clarification
of the diffractograms of the present in- vention use is nade of |CDD data

(I'nter na‘t_:,b% aI Qﬁ?lgglg 050, T {gor0p.i 298, [PR148)..0. Tge,, di f fract ogram of the

reaction pro I n’ Conparative Expériment Ais included in Table
1. Tabl ers h%@ tﬁé’t'ﬂb n*iélé’mfn@%ﬁ:bblﬁﬂteﬂ%‘ﬁﬂ#@ﬁlurﬁ%B@Fﬁés?)hﬁfe asBeth Yértne@iin Ex-
anmoni u fgjﬁgg \,g d urea phosphate. am ne-substituted amoni um
pol yphos?fﬁ@!?é 9 §‘|¢ sent. Table 1: X-ray diffractogram of the

reacti on product of Conparative Experinent A Lined, A20Li ne belonging to

conpoundeEddmpieril4. 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

igg éigg%@j@emngamm phésbraiedifydrde (Wb 3405194 intrbdddd it 33Red91. 2
surised reactor. The partial ammonia pressure in the pressurised reactor is set at 1.2 MPa;
the temperature is set at 315°C. The total reaction time, at a temperature above 200°C, is

about 2 h, of which 30 min. at 315°C.

The reaction product is identified with X-ray diffraction, elemental analysis, *'P-NMR and pH-
measurement:

e 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;

o %P-NMR proves that the formed product is a polyphosphate with a degree of polymerisa-
tion (‘m+n’) of 30;

e 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.



162.74732.571, 2 172.63833.961, 2 182.53835.341, 2 192.41637.191, 2
202.35238. 241, 2 212.28839. 341 1= ammoni um pol yphosphate (form2) 2 = urea
phosphat evO@30314081417 PCT/ EP02/ 10994 -11 El enental Anal y®CI/EPQR/10994 N

18% P. 29% H 4% 0: 45% This proves that no nel am ne-substituted

ammoni um pol yphosphat e has been forned 4on Ex- anple 1 of US-A-4, 043, 987.
Exanpl e | 554 g Mel am ne ammoni um phosphate di hydrate (' 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 tenperature is set at 315C.
The total reaction tine, at a tenperature above 200C, is about 2 h, of

Conpari son

of the X—ray dlffract ogralmfrom ab[e 2a Wi Tabl em2b shows that a new
conmpound has been forned; —Nl-t—r-ggeﬂ. eL-en:em-al—a-naLysu, proves that nelam ne
and ammoni um are present jin the repctiom.@poduct; 131P-NVR proves that the
formed product is a pol yphosphate th a ree of Bgl ynerisa- tion (''mtn')
of 30; The slurry pH of t.he_f_o.c.nce%_r_eavt 5 product-ifs 7.8, which neans
that no acid groups are |present. 3The comgdwsi on cam2hpe drawn fromthe
above that a new conpound TS fornme Wi cpn- tai 6 mel am ne, ammoni um
and a pol yphosphate: a nglamine a ni uny” y,nhnc,nH b (a  MAPP').

5 5.311 12

6 3.677 45

7 3.423 72

8 3.255 14

9 3.172 23

10 3.060 12

11 2.814 24

12 2.690 22

13 2.357 12




The water solubility of the nel am ne amoni um pol yphosphate is 1.1 g per
100 M water. The X-ray diffractogramof this nelam ne anmoni um

pol yphospweatog/od1shown in Table 2a. In Table 2b the firsPCTEPO2/N®34 Of

mel am ne ammoni um phosphate di hydrate are given. WO 03/031417

PCT/ EP02/ 10994 -12 Tabl e 2a: X-ray diffygctogram of the reaction product
from Exanple | Lined, Al/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/ EPO2/ 10 94 13 TabI e 2b: Fi rst 25 Ilnes of the starting
n‘aterlalT 2. ) o t | ¢l & Loact Ut T Lo Acih Il 2

di hydr at &n(n%ﬁMﬁ%os#@?@dﬁdr&?&buﬂcbﬂ@@d4%)1b‘d9) 16. 9285 26.0815 35. 9464
45.7119 550815 65

Line d(A) Mo
1 6.92 85
2 6.08 15
3 5.94 64
4 5.71 19
5 5.08 15
6 5.01 9
7 4.931 17
8 4.728 20
9 4.600 61

10 4.410

11 4120

12 4.028 5
13 3.972 12
14 3.902 15
15 3.651 21
16 3.632 25
17 3.453 68
18 3.303 100
19 3.234 22
20 3.193 18
21 3.140 53
22 3.107 5
23 3.032 1
24 2.997 14
25 2.940 6

Melamine ammonium phosphate is completely converted into a melamine ammonium poly-
phosphate.

Example |l

In a pressurised reactor 1108 g melamine ammonium phosphate dihydrate (‘MAP 2H,O salt’)
is contacted with 600 g urea. The partial ammonia pressure in the reactor initially is



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 W8I303311 242. 99714 252.9406 Mel am ne ammmoni um pRETHFEPaL/€0PE

conpl etely converted into a nmel am ne amoni um pol y- phosphate. Exanple II
In a pressurised reactor 1108 g nel am n€4 ammoni um phosphat e di hydrate
("MAP. 2H20 salt') is contacted with 600" g urea. The partial anmonia
pressure in the reactor initially is WO 03/031417 PCT/ EPO2/ 10994 -14 0. 05
MPa. The tenperature of the pressurised reactor is increased to
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and is foupgd. to be 120. The slurry pH of the forned reaction prod-

The degree of polymerisation (‘m+n’) of the formed melamine ammonium polyphosphate is
determined with ®'P-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 mi
water.

Example |l

In a pressurised reactor melamine ammonium pyrophosphate is heated stepwise to 315°C
under a partial ammonia pressure of 2 MPa and is subsequently polymerised for 1 hour at
315°C 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, *'P-NMR and
pH-measurements:

o The X-ray diffractogram of Table 3 proves that a new compound has been formed;

o Nitrogen elemental analysis proves that melamine and ammonia are present in the reac-
tion product;

» 3'P-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;



uct is 7.4. The water solubility of the nmelam ne ammoni um pol yphosphate is
1.0 g per 100 mM water. Exanple Ill In a pressurised reactor nelam ne
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pressure of 2 MPa and is subsequently polynerised for 1 hour at 315Cto
forma mel am ne ammoni um pol yphosphat e, dhe advant age of stepw se heating
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6 3.725 25

7 3.651 45

8 3.460 28

9| 3.395 71

10 3.284 26

11 3.184 64

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 |,
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
190°C and subsequently stepwise to 260°C. 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 220°C.

e The slurry pH is 5.7, which demonstrates that the reaction mixture contains acid groups.
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Comparative Experiment C

204.05 g Melamine phosphate and 158.07 g urea phosphate are introduced into a furnace.
The temperature is increased to 190°C and subsequently stepwise to 260°C 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 mi water. The reaction product consists
of a mixture of ammonium polyphosphate and melamine pyrophosphate. The X-ray diffracto-
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 190°C and subsequently stepwise to 260°C 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 mi water.

e 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 230°C).
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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
310°C. 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 220°C). The X-ray diffractogram in Table 6 proves that a mixture of ammo-
nium polyphosphate and melamine polyphosphate has been formed;



56. 031 65.431 74.984 84.084 94.014 103.8161 113.4981 1= ammmoni um

pol yphosphate, (form2) 4= nelam ne Conparative Experinent E 204 ¢

Mel am ne whospbte, 230 g nonoanmoni um phosphat e and 60 gPOT&EROALE94
introduced into a closed furnace. The tenperature is subsequently

I ncreased stepwi se to approximately 3108 The total reaction tine is 4 h.
The reaction product has | ower solubility than APP: 1.8 g in 100 ml water.
The thernostability nmeasured with TGA is conparable with that of APP (nmass
loss starts at approximately 220C). The X-ray diff ractogramin Table 6

proves t lrable®. mmwﬁﬁaa>g@m§f1h§éMﬁ2»bmmhﬁmm PRtV IS biffient E

031417 PCI/EP abl e 6.

latb-e hac ha

E)(?lréshglsf fract ogr'é'?ﬁ of the @&bﬁnc@”ﬁ%ﬁ‘?%d" FW’F@H% rative Experinent E
Li ned, ALine belongijng to ggyound 110.75 28. 015 36.8P1 46.631 56.031
65. 441 748658416593 —9+95—1063—816%

2 8.01 5
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10 3.816 1

11 3.498 1

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
310°C. 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
220°C). The X-ray diffractogram in Table 7 shows that mainly ammonium polyphosphate and
free melamine are present in the reaction product.



113. 4981 1=ammoni um pol yphosphate (form 2) 5=nel am ne pol yphosphate
Conparative Experinment F 31.5 g Mel am ne, 230 g nonoamoni um phosphate and
60 g ureawerd/0smiT oduced into a closed furnace. The tenp®CatEPOZ1(9%4
subsequent|ly increased stepwi se to approximately 310C. The total reaction
time is 4 h. The reaction product has a | ower solubility than APP: 2.5 g in
100 M water. The thernosta- bility mea¥lired with TGA is conparable with
that of APP (mass |oss starts at approximately 220C). The X-ray diff
ractogramin Table 7 shows that mainly anmoni um pol yphosphate and free

| am i i 1417_PCT/ EP02/ 10994
Lo Tab Bl LKA Gl of 0 Sybings iligton e Btive Ex eriment

F Li neD,|_ALi h¥ehel ongi ng_tAdonpound Lnedelpngingiosomrand426 45. 024 54. 094
65. 456 14.004 8$3.8125 93. 4834 103.4076 4= nel am ne r gel am ne pol yphosphate
6= amoniumpotyphosphate _fformm i )—Exanmpte+Vv—Starting fromthe nel am ne
anmoni um_pol yphasphate fr ixanple | a polyner conpo&il- tion containing
pol yam de, a se-cal |l ed polsyam de conmpound, is prepareg.| The foll owi ng nma-

4 5.02 4

5 4.09 4

6 545 6

7 4.00 4

8 3.812 5
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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® K123 - DSM) 35.0 wt.%
Compound from Example | 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 275°C, the mould temperature is 85°C. 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.
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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 275°C, the mould temperature is 85°C. 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 CTl 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:
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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 275°C, the mould temperature is 85°C. 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.
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nis greater than 3. 2. A co Bucﬁ cq(r_dingto claim1l1, wherein the
copol yphos &R ‘?'%?g'"?ﬂn"“g;ﬁ H'F '@aﬁa‘h i ng copol yphosphate. 3. A conpound
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pr epar at i oAntf oftegeh @81®Found according to claim 1, characterised in that a

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 400°C.

6. A polymer composition, wherein the compound (1) 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 (l);
< 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.
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