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‘ Description
" Title of Invention : FLAME RETARDANT COMPOSITION FOR
FLAMMABLE PLASTIC MATERIALS COMPRISING
~ 2,4,6-TRIS(2,4,6-TRIBROMOPHENOXY)-1,3,5-TRIAZINE AND
PROCESS FOR PRODUCING THE SAME
Technical Field .

[0001] The present invention relates to a flame retardant composition for flammable plastic
materials comprising 2,4,6-hié(2,4,6rtribromophenoxy)'1,3,5'tn'iazine. It also relates to a
process for broducing said flame retardant composition.

Background Art |

[0002] 2,4,6°Tris(2,4,6-tribromophenoxy)-1,3,5-triazine has been used as a flame retardant for
I;Iastic products. This compound may be synthesized by reacting cyanuric chloride with
an alkali metal phenolate, typically sodium phenolate. During the reaction, an alkali
metal halide, typically sodium chloride is formed as a by-product and thus the resulting
product may be contaminated with a halide ion source. The product 6ontaminlated with
thé halide-ion source may result in various shortcomings when used as a flame
retardant for flammable plastic materials. When thermoplastic materials are rendered
flame retarded it is conventional to blend the thermoplastic material and the flame
retardant in molten state and the molten blend is molded into shaped articles. The
halide ions from their source conteu;ned in the flame retardant may promote corrosion of
metallic parts of extruders or other mixing apparatus as well as molds and other
metallic parts of shaping machines. The halide ions per se and rust pieces resulting
from the corrosion of mixing or shaping machine parts may adversely affect the
performance of shaped articles including heat resistance, electrical properties and
tracking resistance in parhcu]ar Flame retardants are blended with thermosetting
plastic materials for rendering them flame retarded. In this case, a dispersion or
solution of solid flame retardant powdér is added, for instance, to a resin varnish. Then
prepregs are prepared from the varnish for fabricating a metal clad laminate for the
production of a pﬁnted circuit board. If the flame retardant contains a halide ion source
at unacceptable level, the electrical properties of the board is greatly compromised.

[0008] 2,4,6°Txis(2,4,6-tribromophenoxy)-1,3,5-triazine (hereinafter simply called "brominated
phenoxytriazine") was first described in French Patent No.1,566,675 wherein the
compound is synthesized by adding a suspension of cyanuric chloride in acetone to a
solution of sodium 2,4,6-h'ibromophenoléte in l;enzene/aoetone mixture.

[0004] U.S.Patent No. 3,843,650 discloses the synthesis of brominated phenoxytriazine by
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the addition of cyanuric chloride to an ethanolic solution of sodium tribomophenolate.
U.S. Patent No. 5,965,731 discloses the synthesis of brominated phenoxytriazine by
successively adding an aqueous solution of sodium hydroxide and a solution of
cyanuric chloride in acetone to a solution of tribormophenol in acetone.

U.S.Patent No. 4,039,538 discloses a reaction of an alkali metal tribromophenolate
dissolved in an alkylene glycol monoalkyl ether such as methyl- or ethylcellosolve
with cyanuric chloride.

JP 7/25859A, JP 7/25860A and JP 7/25861A disclose a reaction between a con-
centrated aqueous tribromophenolate solution/methylene chloride mixture and a
solution or suspension of cyanuric chloride in methylene chloride in the presence of a
tertiary amine and/or phase transfer catalyst.

Whichever process is employed, the concentration of alkali metal halide such as
NaCl or KCl in the reaction system increases as the reaction proceeds. At the same
time, brominated phenoxytriazine formed will crystallize out because its solubility in
water and organic solvents is very low. Therefore, it is inevitable to entrain the halide
salt by brominated phenoxytriazine when crystallizing from the reaction mixture. In
order to minimize the entrainment of the halide salt, it would be effective to maintain
the concentration of the halide salt in the reaction system as low as possible by de-
creasing the amounts of charged alkali metal phenolate and cyanuric chloride per unit
volume of the reaction medium. This approach naturally decreases the amount of the
target product to be recovered as crystals and is, therefore, hardly applicable to an in-
dustrial scale production due to low productivity.

Once contained in the crystals, it is difficult to remove the halide salt from
brominated phenoxytriazine by washing with a solvent of the halide salt such as water,
ethanol or acetone. Accordingly, one of other conceivable approaches to reduce the
halide salt content would be dissolving the crystals containing the halide salt in a large
volume of an organic solvent in which the crystals are soluble and recrystalling the
product from the solution, or reverse extracting the halide salt from the above solution
and then evaporating the organic solvent. It is also conceivable to repeat the washing
of finely divided crystals containing the halide salt with water or ethanol. However, all
of these approaches are hardly applicable to an industrial scale production due to low
productivity.

Accordingly, a need exists for a flame retardant composition comprising
2,4,6-tris(2,4,6-

tribromophenoxy)-1,3,5-triazine which has a minimum content of halide salts and
other deteriorative impurities. Also, a need exists for a process for producing said

flame retardant composition.
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Summary of Invention

According to the present invention, there is provided a flame retardant composition
for flammable plastic materials comprising particulate 2,4,6-

tris(tribrophenoxy)-1,3,5-triazine containing 1 to 1000ppm of a metal species of a
water-insoluble polyvalent metal compound selected from the group consisting of
oxide, hydroxide, carbonate, phosphate, sulfate and silicate, said water-insoluble
polyvalent metal compound being present in said particulate 2,4,6-

tris(2,4,6-tribromophenoxy)-1,3,5-triazine in a physically indiscrete form.

The present invention also provides a process for producing said flame retardant
composition comprising reacting an alkali metal tribromophenolate and cyanuric
chloride in the presence of 0.01 to 10% by weight of cyanuric chloride of finely
divided particles of a water-insoluble polyvalent metal compound selected from the
group consisting of oxide, hydroxide, carbonate, phosphate, sulfate and silicate.

Although the invention is not bound to any particular theory, it is postulated that the
finely divided water-insoluble polyvalent metal compound present in the reaction
system serves as a nucleus for growing crystals, and promote, as the reaction proceeds
, crystallization of brominated tribromophenoxytriazine without entraining the halide
salt in the crystals. Instead, the product produced according to present invention
contains more than 1 ppm of a metal species corresponding to the polyvalent metal
compound employed. The presence thereof, however, does not have any adverse effect
on the flame retarded plastic articles and shaping machines therefor.

In another aspect, the present invention provides said flame retardant composition
having reduced content of halide ion sources produced by the method of the present
invention wherein the product contains 1 to 1000ppm of at least one metal species cor-
responding to said polyvalent metal compound.

Description of Embodiments

Except the reaction is carried out in the presence of said water-insoluble polyvalent
metal compound, the process of the present invention may be otherwise identical to
those known in the art including the processes disclosed in the patents cited above.

The process of the present invention may be carried out by adding said insoluble
multivalent metal compound to any of reaction systems according to the above known
processes. The insoluble metal salt which may be employed in the present invention
includes oxide, hydroxides, carbonates, phosphates, sulfates or silicates of a polyvalent
metal such as magnesium, calcium, barium, aluminum, silicon, titanium, zirconium or
antimony. Examples thereof include magnesium hydroxide, magnesium carbonate,
magnesium phosphate, magnesium sulfate, magnesium silicate, calcium hydroxide,

calcium carbonate, calcium phosphate, calcium sulfate, calcium silicate, barium
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carbonate, barium phosphate, barium sulfate, aluminum oxide, aluminum carbonate,
aluminum phosphate, aluminum silicate, silicon oxide (silica), titanium dioxide,
zirconium dioxide and antimony trioxide. Naturally occurring or synthetic minerals
comprising a polyvalent metal silicate complex such as talc, bentonite, kaolin or zeolite
may also be used. Calcium carbonate, silica, barium sulfate, talc, aluminum
polyphosphate, zirconium dioxide, titanium dioxide, antimony trioxide and calcium
silicate are particularly preferred because they serve to prevent coloring and decom-
position of a plastic material when blending with the flame retardant composition at an
elevated temperature.

The term "water-insoluble polyvalent metal compound" as used herein refers to the
compound having a solubility in water of less than 1g/L, preferably less than 0.5g/L at
25°C. As stated before, the finely divided insoluble polyvalent compound appear to
serve as a nucleus of crystallization. For this reason, it is advantageous for the finely
divided particles to have a large number of discrete particles per unit weight to
minimize the amount of the metal compound to be added. Preferably, the particles
have a mean diameter of less than 10 microns, more preferably less than 5 microns. Of
particularly preferably particles are fumed silica having a mean diameter of nanometer
order.

The amount of addition of the finely divided polyvalent metal compound generally
ranges from 0.01 to 10% by weight of cyanuric chloride but it may vary depending
upon the number of particles per unit weight, namely the mean diameter thereof. The
smaller in the mean diameter, the fewer amount of addition.

The finely divided particles of the polyvalent metal compound are needed to exist in
the reaction system before the crystallization of the reaction product takes place.
Typically the finely divided particles are initially added to either one of the reactants,
for example, to a solution of phenolate. The cyanuric chloride reactant may sub-
sequently be added to the phenolate solution. Alternatively, the finely divided particles
may be added to a solution of phenolate together with the cyanuric chloride reactant.
Instead of pre-formed finely divided particles, it is possible to form the finely divided
particles in situ in the reaction system as a slurry. For example, calcium carbonate may
be formed in the reaction system by the reaction of calcium chloride and sodium
carbonate. Similarly calcium phosphate may be formed by the reaction of calcium
chloride and sodium phosphate.

The reaction may be carried out at a temperature from room temperature to the
boiling point of the reaction medium. However, it is preferable to continue the reaction
to completion at reflux temperature of the reaction mixture after all reactants have been
added to the reaction vessel. After the reaction, the precipitated reaction product is

filtered off, washed and dried. The filtration may be carried out using a conventional



WO 2010/125611 PCT/JP2009/001982

[0019]

[0020]

[0021]

[0022]

filter device or a centrifuge and washing of the resulting filter cake may be carried out
thereon using water or a mixture of water and an organic solvent in which the alkali
metal halide is soluble. The organic solvent is preferably a water-miscible solvent
including methanol, ethanol, isopropanol, ethylene glycol, glycerine, acetone, DMF,
THF, dioxane and the like. The washing efficiency is enhanced by the use of a water-
miscible organic solvent due to enhanced affinity between the brominated phenoxy-
triazine and the solvent. However, it is preferable to use water alone in the final
washing step to eliminate emission of VOC to the atmosphere upon drying the end
product.

According to the present invention, the amount of halide ion source contaminants is
reduced to less than 500ppm calculated as NaCl. This amount may be reduced further
to less than 250ppm by suitably selecting particular kind of insoluble polyvalent metal
compounds and their particle size. Instead, the product contains the finely divided
polyvalent metal compound from 1ppm to 1000ppm calculated as the metal species
corresponding to said water-insoluble metal compound. Such a small amount of the
water-insoluble metal compound has no or little effect on the performance of the
reaction product and shaped plastic articles containing the same. Namely, the flame
retardant composition neither deteriorates the heat stability of shaped plastic articles
nor promotes corrosion of mixing and shaping machines.

The amount of halide ions entrained into the reaction product may be determined by
the potentiometric titration with AgNO; as outlined below, while the amount of metal
species of the water-insoluble metal compound may be determined by the atomic ab-
sorption spectrometry or the inductively coupled plasma method.

In addition to the halide salt produced as a by-product, other electrolytes such as
unreacted alkali metal phenolate may be present in the reaction system. They may also
be entrained into the resulting brominated phenoxytriazine crystals. These electrolyte
impurities also have an adverse effect on the electrical properties of the plastic articles
containing the contaminated reaction product. These other electrolytic impurities are
incapable of detecting by the potentiometric titration with AgNO; but capable of
detecting quantitatively by leaching the crystals with water and measuring the electro-
conductivity of water containing the electrolytic impurities. According to the present
invention, it is possible to reduce the halide ion level as determined by the poten-
tiometric titration with AgNO; to less than 500ppm calculated as NaCl and at the same
time, to decrease the total level of electrolytes including the halide salt represented by
the electroconductivity of leaching water to an acceptable level of less than 50 x10-¢ S/
cm.

Contrary to the present invention, the corresponding reaction products produced by

similar processes in the absence of the finely divided water-insoluble metal compound
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showed to contain at least 1000ppm of the halide ion sources and an electrocon-
ductivity level of leaching water higher than 150 x10-°S/cm. These halide ion levels
and the electroconductivity levels could not be decreased to an acceptable level by
washing the crystals as produced or pulverized crystals with methanol.
Examples

The invention will now be illustrated by the following examples. All parts and
percents therein are by weight unless otherwise indicated.

Part I. Production of brominated phenoxytriazine

Materials

(1) Cyanuric chloride: industrial grade F available from Deggussa, 99.7% purity,
metal content < 10ppm.

(2) Calcium carbonate: Nanox #30, available from Maruo Calcium Co., Ltd., mean
diameter about 1 micron.

(3) Titanium dioxide; PF711 available from Ishihara Sangyo Kaisha, mean diameter
about 0.25 microns.

(4) Fumed silica; Aerosil 200 available from Japan Aerosil, mean diameter 12nm.

(5) Precipitated barium sulfate; available from Toshin Kasei Co., Ltd., mean diameter
0.5 microns.

(6) Talc (magnesium silicate); Microace P-3 available from Nippon Talc Co. Ltd.,
mean diameter 5 microns.

(7) Aluminum polyphosphate (AIH,P;0,,-2H,0); K-White #85 available from Tayca
Corporation, mean diameter 3.7 microns.

(8) Zirconium dioxide; EP grade available from Daiichi Rare Elements Chemical
Industry Co., Ltd., mean diameter 2.2 microns.

(9) Antimony trioxide; AN-800(T) available from Dai-ichi Kogyo Seiyaku Co., Ltd.,
means diameter 1.1 microns.

Test method

(1) Quantitative analysis of metals in samples

The inductively coupled plasma method was used by dissolving the sample in DMF.
First, a standard curve was generated using specimens having known contents of the
metal. Then the metal content of a test sample having unknown metal content was de-
termined by the intrapolation method. An IPC analyzer CIROS-120 available Rigaku
was used.

(2) Determination of NaCl content

5.0g of the sample was precisely weighed in a 100ml beaker and dissolved in 50ml of
dioxane completely. To the solution was added 5Sml of deionized water with stirring.

Then the halide ion concentration of the resulting solution was determined by the po-
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tentiometric titration with 0.01mol/L. AgNO; under acidic conditions with nitric acid.
The measured halide ion concentration was converted to the content of NaCl in the
sample in terms of weight %. If the halide salt content in the sample is too high, the
weight of sample is decreased such that the endpoint is reached with 1-5 ml of 0.01
mol/L. AgNOs.
(3) Electroconductivity of leaching water
5.0g of the sample was weighed in a 100ml polypropylene container and dissolved in
30ml of dioxane completely. To the solution was added 50ml of deionized water por-
tionwise with stirring to precipitate a portion of brominated phenoxytriazine dissolved
in dioxane. The electroconductivity of the resulting aqueous slurry was measured at
24.5-25.5°C using an electroconductivity meter CM-30S and an electrode CGT-511B
(cell constant = 0.966/cm) both available from Toa Dempa Kogyo Co. Ltd. All
containers, instruments and liquids (dioxane, water) were used after verifying to have
an electroconductivity of less than 1 x10-¢S/cm in the blank test.

Example 1

To a 500ml flask equipped with a stirrer, a thermometer and a reflux condenser were
charged with 370ml of methylcellosolve, 7.2g (0.18mol) of flaky sodium hydroxide,
59.15g (0.18mol) of tribromophenol, and 0.10g of calcium carbonate (9% of cyanuric
chloride). The mixture was heated to 60°C and 11.1g (0.06mol) of cyanuric chloride
was added portionwise to the mixture over 3 minutes with stirring whereupon the inner
temperature elevated to 70°C. As the reaction proceeds, the mixture became a slurry.
Then the mixture was heated to 110°C and the reaction was continued at this tem-
perature to completion. The reaction mixture was allowed to cool to room temperature
and filtered on a Buchner funnel. The filter cake was washed first with 100ml of
methanol and then with 100ml of water each at several times until the NaCl content in
the washing reached below 100ppm. Three times washing with water was needed until
the NaCl content of the washing decreased below the above level. The wet filter cake
was dried in an over at 130°C until an equilibrium was reached to give 56.3g (88%) of
the desired product. The product showed to have a NaCl content of 350ppm and an
electroconductivity of leaching water of 40 x10-6S/cm.

Example 2

To the same flask as used in Example 1 were charged with 100ml of acetone, 99.2g
(0.3mol) of tribromophenol, 50g of 25% aqueous solution of sodium hydroxide
(0.31mol as NaOH), and 0.2g of titanium dioxide (1.1% of cyanuric chloride). The
mixture was heated to reflux. Then a solution of 18.4g (0.1mol) of cyanuric chloride in
100ml of acetone was added dropwise to the mixture over 30 minutes, and the reaction
mixture in the form of slurry was allowed to react at reflux temperature for additional 3

hours. After cooling to room temperature, the reaction mixture was filtered and the
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filter cake was washed first with 100ml of acetone and then with 100ml of water each
at several times until the NaCl content in the washing decreased below 100ppm. Three
times washing with water was needed until the above NaCl level was reached. The wet
filter cake was dried in an oven at 130°C until an equilibrium was reached to give 102g
(96%) of the desired product. The product showed to have a NaCl content of 140ppm
and an electroconductivity of leaching water of 18 x10-¢S/cm.

Example 3

To the same flask as used in Example 1 were charged with 150g of water, 17.1g
(0.43mol) of flaky sodium hydroxide, 0.07g of sodium sulfite, and 12.5mg (0.05% of
cyanuric chloride) of fumed silica. The mixture was stirred to obtain a homogeneous
solution and then cooled to 10°C. To this was added 136g (0.136mol) of tribro-
mophenol. Separately, 25.0g (0.136mol) of cyanuric chloride was dissolved in 160g of
methylene chloride and 1.0g of 30% aqueous solution of trimethylamine was added
thereto. The cyanuric chloride solution thus prepared was added dropwise to the tribro-
mophenol solution in the flask at a temperature of 3-30°C. After the addition the
reaction mixture was heated to reflux temperature for 30 minutes to complete the
reaction. Then methylene chloride was distilled off under atmospheric pressure. The
residue was allowed to cool to room temperature and the resulting precipitate was
filtered off and washed with 100ml of water each at several times until the NaCl
content in the washing decreased below 100ppm. Three times washing was needed
until the above NaCl level was reached. The washed filter cake was dried in an oven at
130°C until an equilibrium was reached to give 284.3g (98%) of the desired product.
The product showed to have a NaCl content of 220ppm and an electroconductivity of
leaching water of 20 x10-°S/cm.

Example 4

To the same flask as used in Example 1 were charged with 96g of water, 34.2¢g
(0.86mol) of flaky sodium hydroxide and 0.14g of sodium sulfite while stirring. The
resulting solution was cooled to 10°C. To the solution were added 130g of methylene
chloride and 272¢g (0.82mol) of tribromophenol. Then 50.0g (0.27 mol) of cyanuric
chloride and 75 mg of fumed silica (0.3% of cyanuric chloride) were gradually added
to the solution at a temperature of 3-30°C. After the addition, the reaction mixture was
heated to reflux temperature for additional 30 minutes to complete the reaction, and
then methylene chloride was distilled off under atmospheric pressure. The residue was
allowed to cool to room temperature and the resulting precipitate was filtered off. The
filter cake was repeatedly washed with 100 ml of water each time until the NaCl
content in the washing reached below 100ppm. Three times washing was needed to
decrease the NaCl level below 100ppm. The washed filter cake was dried in an oven at

130°C until an equilibrium was reached to give 284.3g (98%) of the desired product.
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The product showed to have a NaCl content of 90ppm and an electroconductivity of
leaching water of 15 x10-°S/cm.

Example 5

The procedure of Example 3 was repeated except that 50mg of precipitated barium
sulfate (0.2% of cyanuric chloride) was added to the reaction system in place of
12.5mg of fumed silica. Three times washing with water was needed to decrease the
NaCl concentration in the washing below 100ppm. The washed filter cake was dried in
an oven at 130°C until an euiqlibrium was reached to give 142.2g (98%) of the desired
product. The product showed to have a NaCl content of 110ppm and an electrocon-
ductivity of leaching water of 20 x10-¢S/cm.

Example 6

The procedure of Example 3 was repeated except that 0.25g of talc (1.0% of cyanuric
chloride) was added to the reaction system in place of 12.5mg of fumed silica. Three
times washing with water was needed to decrease the NaCl concentration in the
washing below 100ppm. The washed filter cake was dried in an oven at 130°C until an
equilibrium was reached to give 142.3g (98%) of the desired product. The product
showed to have a NaCl content of 70ppm and an electroconductivity of leaching water
of 12 x10-¢S/cm.

Example 7

The procedure of Example 4 was repeated except that 0.5g of aluminum
polyphosphate was added to the reaction system in place of 75mg of fumed silica.
Three times washing with water was needed to decrease the NaCl concentration in the
washing below 100ppm. The washed filter cake was dried in an oven at 130°C until an
equilibrium was reached to give 285.0g (98%) of the desired product. The product
showed to have a NaCl content of 180ppm and an electroconductivity of leaching
water of 22 x10-¢S/cm.

Example 8

The procedure of Example 4 was repeated except that 0.5 g of zirconium dioxide
(1.0% of cyanuric chloride) was added to the reaction system in place of 75 mg of
fumed silica. Three times washing with water was needed to decrease the NaCl con-
centration in the washing below 100ppm. The washed filter cake was dried in an oven
at 130°C until an equilibrium was reached to give 283.5g (98%) of the desired product.
The product showed to have a NaCl content of 100ppm and an electroconductivity of
leaching water of 17 x10-°S/cm.

Example 9

To the same flask as used in Example 1 were charged with 150g of water, 17.1g
(0.43mol) of flaky sodium hydroxide, 0.07g of sodium sulfite, and 0.4g of calcium
chloride. Then 4.0g of 10% phosphoric acid was gradually added to the mixture with
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stirring whereupon a milky solution in which fine particles of water-insoluble calcium
phosphate are suspending was obtained. The mean particle diameter of calcium
phosphate was measured as about 3 microns and the total weight of the suspended
calcium phosphate particles was calculated as about 0.5g (about 2% of cyanuric
chloride) from the amounts of starting reactants. The milky solution was cooled to 10°
C and 136g (0.136mol) of tribromophenol was dissolved in this solution. Using the
resulting tribromophenol solution, the reaction with cyanuric chloride was carried out
as in Example 3. Three times washing with water was needed to decrease the NaCl
concentration in the washing below 100ppm. The washed filter cake was dried in an
oven at 130°C until an equilibrium was reached to give 142g (98%) of the desired
product. The product showed to have a NaCl content of 230ppm and an electrocon-
ductivity of leaching water of 36 x10-¢S/cm.

Example 10

To the same flask as used in Example 1 were charged with 150g of water, 17.1g
(0.43mol) of flaky sodium hydroxide, 0.07g of sodium sulfite, and 0.75g (3.0% of
cyanuric chloride) of antimony trioxide. The mixture was stirred to obtain a ho-
mogeneous solution and then cooled to 10°C. To this was added 136g (0.136mol) of
tribromophenol. Separately, 25.0g (0.136mol) of cyanuric chloride was dissolved in
160g of methylene chloride and 1.0g of 30% aqueous solution of trimethylamine was
added thereto. The cyanuric chloride solution thus prepared was added dropwise to the
tribromophenol solution in the flask at a temperature of 3-30°C. After the addition the
reaction mixture was heated to reflux temperature for 30 minutes to complete the
reaction. Then methylene chloride was distilled off under atmospheric pressure. The
residue was allowed to cool to room temperature and the resulting precipitate was
filtered off and washed with 100ml of water each at several times until the NaCl
content in the washing decreased below 100ppm. Three times washing was needed
until the above NaCl level was reached. The washed filter cake was dried in an oven at
130°C until an equilibrium was reached to give 285.0g (98%) of the desired product.
The product showed to have a NaCl content of 84ppm and an electroconductivity of
leaching water of 16 x10-°S/cm.

Comparative Example 1

Example 1 was repeated in the absence of calcium carbonate. The product showed to
have a NaCl content of 2,300ppm and an electroconductivity of leaching water of 180
x10-¢S/cm.

Comparative Example 2

Example 2 was repeated in the absence of titanium dioxide. The product showed to
have a NaCl content of 4,600ppm and an electroconductivity of leaching water of
above 200 x10-°S/cm.
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Comparative Example 3

Example 3 was repeated in the absence of fumed silica. The product showed to have
a NaCl content of 7,300ppm and an electroconductivity of leaching water of above 200
x10-¢S/cm.

Comparative Example 4

Example 4 was repeated in the absence of fumed silica. The product showed to have
a NaCl content of 11,500ppm and an electroconductivity of leaching water of above
200 x10-°S/cm.

Comparative Example 5

To the same flask as used in Example 1 were charged with 100g of the product of
Comparative Example 4 having a mean diameter of 100 microns and 300ml of
methanol. The mixture was stirred at reflux temperature for 1 hour and then allowed to
cool to room temperature. Solids were recovered from the mixture by filtration,
washed with 2 x 100ml of water, and dried in an oven at 130°C until an equilibrium
was reached. The NaCl content of the product decreased to 8,900ppm by the above
treatment but the electroconductivity of leaching water remained above 200 x10S/cm.

Comparative Example 6

The procedure of Comparative Example 5 was repeated after pulverizing the product
of Comparative Example 4 from 100 microns mean diameter to 5 microns mean
diameter. The NaCl content decreased to 970ppm while the electroconductivity of
leaching water decreased to 85 x10-S/cm by the above treatment.

Part I1. Evaluation of brominated phenoxytriazine

Materials

1) Brominated phenoxytriazine;

Products of Examples 1-4 and Conparative Examples 1-6 were used.

2) Fiber glass reinforced polybutylene terephthalate;

Novaduran 5010G30 available from Mitsubishi Engineering Plastics.

3) Antimony trioxide;

Pyroguard AN-800(T) available from Dai-Ichi Kogyo Seiyaku Co., Ltd.

4) Antioxidant;

Irganox 245 available Ciba Specialty Chemicals.

Preparation of test pieces
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Fiber glass reinforced polybutylene 100.0
terephthalate
Brominated phenoxytriazine 12.0
Antimony trioxide 4.0
Antioxidant 0.2

The mixture of the above formulation was kneaded in a twin screw extruder having an
inner diameter of 20mm at 250°C and extruded through a die. The extrudate was
cooled and cut into pellets. After drying at 80°C under reduced pressure the pellets
were injection molded into various test pieces for respective testing. The mold tem-
perature was 60°C. The test pieces were stored in a desiccator until immediately before
use.

Test method

(1) Melt mass flow rate (MFR)

Using the pellets before molding, MFR was determined according to JIS K7210,
method A at a temperature of 250°C and a load of 2.116kg.

(2) Flame retardancy

The flame retardancy was evaluated by the vertical combustion method according to
UL-94 standard. The size of test piece was 127mm in length, 12.5mm in width and
0.8mm in thickness.

(3) Heat distortion temperature (HDT)

HDT was determined according to JIS K6810. The size of test piece was 127mm in
length, 12.7mm in height and 3.2mm in width. The heat distortion temperature refers
to a temperature at which the test piece is distorted through 0.254mm under a load of
4.6 kgt/cm?.

(4) Flexural strength

The flexural strength was determined according to JIS K7203 using the same test piece
used for determining HTD. The test was carried out at a distance between supporting
point of 68mm and a bending rate of 2mm/min. The flexural strength was calculated
from the maximum bending load.

(5) Tracking resistance

The tracking resistance was determined according to JIS C2134. The test piece was a
square plate of 50 x 50 x 3.2mm size having smooth surfaces.

(6) Tracking resistance after accelerated aging

The same test piece as used in the method (5) was subjected 10 cycles of placing the
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test piece first at a temperature of 80°C and at a relative humidity of 90% for 24 hours
and then at a temperature of 25°C and at a relative humidity of 20% for 24 hours. After
the treatment, the test piece was dried at 80°C under reduce pressure for 24 hours and
allowed to cool to room temperature in a desiccator. During the above treatment, care
was taken to leave the test surfaces untouched. After the above treatment, the tracking
resistance was determined as above.
(7) Heat stability
The same test piece as used in the method (5) was used in this test. The test piece was
hot pressed at 280°C for 30 minutes. Color difference deltaE of the heat treated test
piece was determined by measuring the color before and after the heat treatment. The
heat stability was evaluated by the color difference deltaE according to the following
schedule.
Good : deltaE < 5
Fair : deltaE = 5-10
Not Good : deltaE > 10
(8) Metal mold corrosiveness
2g of the resin pellets for preparing the test pieces was placed on a clean surface of
quenched SKD-11 steel plate and covered with inverted Petri dish. The steel plate with
the resin pellets thereon was heated in an oven at 280°C for 1 hour and then removed
from the oven. The surface of the steel plate in the area covered by the Petri dish was
visually inspected if rust or other indications of corrosion developed.

[0042]  Results

The results of Part I and Part II are shown in tables 1-2 and Table 3 respectively.

[Table 1]
EXAMPLE

Item 1 2 3 4 5
Insoluble metal compound CaCoa TiO: Si0z SiO2 BaS0O,
Amount(% of cvanuric chloride) 9.0 1.1 0.05 0.3 0.2
Yield (%) 88 96 97 98 98
NaCl content(ppm) 350 140 220 90 110
Metal Species Ca Ti Si Si Ba
Metal content(ppm) 260 100 8 57 27
Conductivity of leaching

water (x10°8S/cm) 40 18 20 15 20

Table 1 (Continued)
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EXAMPLE
Item 6 7 8 9
Insoluble metal compound Tale P3-A1D Z1r0O2 Ca-POq2?
Amount(% of cvanuric chloride) 1.0 1.0 1.0 about 2.0
Yield (%) 98 98 98 98
NaCl content(ppm) 70 180 100 230
Metal Species Mg Al Zr Ca
Metal content(ppm) 74 106 30 15

Conductivity of leaching

water (x10°88/cm) 12 22 17 36

1) Aluminum polyphosphate;

2) Reaction product between CaCly and H3PO 4

Table 1 (Continued)

EXAMPLE
Item 10
Insoluble metal compound Sh:03
Amount(% of cyanuric chloride) 3.0
Yield (%) 98
NaCl content(ppm) 81
Metal Species Sb
Metal content{ppm) 3156

Conductivity of leaching

water (x10°6S/¢em) 16
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[Table 2]
COMPARATIVE EXAMPLE
Item 1 2 3
Insoluble metal compound Not Not Not
present present prescnt
Yield (%) 86 95 97
NaCl content{ppm) 2,300 4,600 7.300
Conductivity of leaching
water (x10 68/cm) 180 >200 >200

Table 2 (continued)

COMPARATIVE EXAMPLE

ltem 4 5 6

Insoluble metal compound Not Not Not
present present present

Yield (%) 98

NaCl content(ppm) 11,500 8§.900 970

Conductivity of leaching

water (x10°6S/cm) >200 =200 85
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[Table 3]
Run No.

Item 1 2 3 4

Brominated phenoxytriazine KEx.1 Ex. ¥ Ex. 3 Ex. 4
MFR, g/10 min. 22 22 22 22
Flame retardancy (VL-94) V-0 V-0 V-0 V-0
HDT., °C 200.5 200.5 200.5 200.5
Flexural strength. MPa 212 210 214 214
Tracking resistance, V 420 430 130 430

Tracking resistance

after aging, V 410 430 430 430

Decrease in tracking

resistance, V 10 1] 0 0
Heat resistance Good Good Good Good
Corrosiveness No No No No

Table 3 (Continued

Item 5 6 7

Brominated phenoxytriazing Comp.Ex,4 Comp.Ex.5 Comp.Ex.6

MFR, g/10 min. 22 22 22
Flame retardancy (VL-94) V-0 V-0 V-0
HDT. »C 200.5 200.5 200.5
Flexural strength, MPa 208 210 212
Tracking resistance. V 340 360 380

Tracking resistance

after aging, V 210 260 300

Decrease in tracking

resistance, V 130 100 80
Heat vresistance Not good Not good Not good
Corrosiveness Yes Yes Yes

[0043]  As demonstrated by Examples 1-10, it is possible to drastically reduce the content of
NaCl in the reaction product by adding an amount of a water-insoluble polyvalent
metal compound to the reaction system. At the same time, the electroconductivity of

water used for leaching the reaction product, the parameter representing the content of



17

WO 2010/125611 PCT/JP2009/001982

water soluble ionizable impurities, was reduced below 50 x10-¢S/cm. The products of
Examples 1-10 contain a detectable level of a metal species corresponding to the
water-insoluble metal compound added to the reaction system. The detection of a
metal specie, in this case, demonstrates that the contents of NaCl and other ionizable
impurities in the crystalline product have been reduced to an acceptable level.

The products of Comparative Examples 1-4 showed to contain a large amount of NaCl
produced as by-product. Attempts have been made in Comparative Example 5 to
reduce the NaCl content by leaching the product with methanol in which NaCl is
soluble. However, the reduction of NaCl content was only up to about 20%. In order to
improve the leaching efficiency, the reaction product was pulverized before leaching in
Comparative Example 6. The content of NaCl was decreased to about one tenth. From
the results of Comparative Examples 1-6, it is considered that several additional steps
such as leaching and pulverizing steps are essential to reduce the NaCl content from
the products of prior art processes. These additional steps are disadvantageous not only
in terms of productivity but also economically.

The products of Examples and Comparative Examples show distinctive difference in
performance when used for producing flame retarded plastic articles. The hue and me-
chanical strength properties are comparable between them but improvements may be
seen in the products of Examples in the durability of electroproperties, particularly
after experiencing high/low temperature and humidity hysteresis. The product of

Examples have been proven to have no corrosiveness against metallic molds.
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Claims

A flame retardant composition for flammable plastic materials
comprising particulate 2,4,6-tris(2,4,6-tribromophenoxy)-1,3,5-triazine
containing 1 to 1000ppm of a metal species of a water-insoluble
polyvalent metal compound selected from the group consisting of
oxide, hydroxide, carbonate, phosphate, sulfate and silicate, said water-
insoluble polyvalent metal compound being present in said particulate
2,4,6-tris(2,4,6-tribromophenoxy)-1,3,5-triazine in a physically in-
discrete form.

The flame retardant composition according to claim 1 wherein the
amount of said metal species is up to 500ppm.

The flame retardant composition according to claim 1 wherein said
metal species is magnesium, calcium, barium, aluminum, silicon,
titanium, zirconium or antimony.

The flame retardant composition according to claim 1 wherein said
water-insoluble polyvalent metal compound is talc, calcium carbonate,
calcium phosphate, barium sulfate, aluminum polyphosphate, silica,
titanium dioxide, zirconium dioxide or antimony trioxide.

The flame retardant composition according to claim 1 wherein the
content of halide ion sources calculated as NaCl of the composition is
less than 500ppm when determined by the potentiometric titration with
AgNO;.

The flame retardant composition according to claim 1 wherein the elec-
troconductivity of leaching water of the composition is less than 50 x10
6S/cm.

A process for producing a flame retardant composition for flammable
plastic materials comprising 2.,4,6-tris(2,4,6-tribromophenoxy)-1,3,5-
triazine, said process comprising reacting an alkali metal salt of
2,4,6-tribromophenol and cyanuric chloride in the presence of 0.01 to
10% by weight of cyanuric chloride of finely divided particles of a
water-insoluble polyvalent metal compound.

A process according to claim 7 wherein said polyvalent metal is
magnesium, calcium, barium, aluminum, silicon, titanium, zirconium or
antimony.

A process according to claim 7 wherein said water-insoluble polyvalent
metal compound is calcium carbonate, silica, barium sulfate, talc,

aluminum polyphosphate, titanium dioxide, zirconium dioxide,
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antimony trioxide or calcium phosphate.

A process according to claim 7 wherein said water-insoluble polyvalent
metal compound has a mean particle diameter of less than 10 microns.
A process according to claim 7 wherein said finely divided particles of
the water-insoluble polyvalent metal compound is present in a solution
of said alkali metal salt of tribromophenol, and wherein said cyanuric
chloride reactant is added to said solution.

A process according to claim 7 wherein said finely divided particles of
the water-insoluble polyvalent metal compound and said cyanuric
chloride reactant are simultaneously added to a solution of said alkali
metal salt of tribromophenol.

A process according to claim 7 further comprising the steps of filtering
the reaction mixture to recover the precipitated reaction product, and
washing the recovered reaction product with water and/or an organic
solvent in which an alkali metal halide is soluble.

A process according to claim 13 further including the step of drying

said reaction product after washing.



