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SPECIFICATION
Flame retarder for organic high molecular compounds

The present invention relates to a flame retarder for organic high molecular compounds.

Organic high molecular compounds (hereinafter referred to as “‘polymeric materials’’) have
been used for various purposes, e.g. household electric appliances, industrial electric devices
and parts, textile goods, daily necessaries, interior decorations, building materials and structural
materials. Since the polymeric materials are carbon compounds, however, they have a problem
of kindling or burning and are restricted in many uses.

Flame retarders are usually employed in order to eliminate such a problem of kindling or
burning of polymeric materials, and halogen-containing compounds, phosphorus-containing
compounds and nitrogen-containing compounds are known as flame retarders. In many cases,
these flame retarders are employed in combination with flame retarding assistants such as
antimony trioxide.

In case that these flame retarders are added to polymeric materials, the following troubles
often arise.

(a) Uniform mixing is hard to be conducted because of poor compatibility of the flame
retarders with the polymeric materials, and accordingly the flame retarding property cannot be
effectively exhibited and also the ununiformity exerts a bad influence upon the physical
properties of the polymeric materials.

(b) The flame retarders are easy to migrate.

(c) The flame retarders exert a bad influence upon molding processability of the polymeric
materials and the mechanical properties of moldings.

(d) The flame retarders hinder the effects of other additives such as plasticizer, lubricant,
antioxidant, coloring agent, stabilizer and ultraviolet absorber which are present in the polymeric
materials.

It is proposed to employ a high molecular weight compound as a flame retarder in order to
eliminate these troubles. For instance, Japanese Unexamined Patent Publication (Tokkyo Kokai)
No. 53435/1975 and No. 111546/1979 propose to employ poly(halogenated phenylene
oxide) as a flame retarder. However, in case that the poly(halogenated phenylene oxide) is
applied to a certain kind of polymeric materials, the following problems may arise.

(a) Flame resistance is insufficient.

(b) Compatibility and heat resistance are bad.

(c) The flame retarder exerts a bad influence upon molding processability of the polymeric
materials and mechanical properties of the moldings.

(d) Electric characteristics is lowered.

Therefore, the poly(halogenated phenylene oxide) is not still sufficient as a flame retarder.

The present inventors have made a study on the basis of the thinking that the remaining
hydroxyl group of the poly(halogenated phenylene oxide) would exert a bad influence as
mentioned above, and have now found that the above-mentioned problems can be solved by
masking the remaining hydroxyl group in a specific manner.

In accordance with the present invention, there is provided a flame retarder for organic high
molecular compounds which comprises a compound prepared by reacting a polycondensate of a
halogenated phenol with a member selected from the group consisting of a metal compound
and an organic compound, said metal compound and organic compound having at least two
functional groups capable of reacting with the terminal hydroxyl group of said polycondensate.

The polycondensate of a halogenated phenol used in the present invention is prepared by
polycondensing one or more kinds of halogenated phenol, for instance, in the presence of an
alkali metal hydroxide and a metal catalyst such as copper or iron in a solvent or in the absence
of a solvent. The polycondensate has unreacted terminal hydroxyl group. Examples of the
halogenated phenol are, for instance, monobromophenol, dibromophenol, tribromophenol,
tetrabromophenol, pentabromophenol, dibromocresol, monochlorophenol, dichlorophenol, tri-
chlorophenol, tetrachlorophenol and pentachlorophenol.

In the present invention, (A) a metal compound having a least two functional groups capable
of reacting with the terminal hydroxyl group of the polycondensate and/or (B) an organic
compound having at least two functional groups capable of reacting with the terminal hydroxyl
group of the polycondensate are employed in order to cause to react with the terminal hydroxy!
group of the polycondensate.

As a metal compound (A), halides of metals such as magnesium, aluminum, calcium,
antimony, tin and barium are employed in the present invention. Typical examples of the metal
compound (A) are magnesium chloride, aluminum bromide, calcium chloride, antimony chloride,
tin chloride and barium chloride.

The organic compounds (B) include, for instance, alkyl dihalides, acyl dihalides, haloacyl
dihalides, phosphoro dihalodate, cyanuric halides, other organic compounds having active
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2 GB2118564A 2
halogens, polyepoxy compounds, and the like. Typical examples of the organic compounds (B)
are ethylene dibromide, ethylene dichloride, dichlorodiethyl ether, maleoyl dichloride, terephtha-
loyl dichloride, tetrabromophthaloyl chloride, phenylphosphoro dichloridate, phenylphosphonic
dichloride, dibromocresylphosphoro dichloridate, chlorophenylphosphonic dichloride, cyanuric
5 chloride, and compounds of the following formuias (I} to (Vii): 5
BrCH2CH2-A—€CH2CH2-A)h— CH2CH2 Br (I)
10 C1CH,CH,0CH,CH20-A-{CH,CHy0CH,CHy-AY—  (1T) 10
—-CH2CH20CH2CH2CI
O 15
lI ll
c1c-®—co H o }—OC cct (Im)
20 0 0 20
| 'y
c1c—A-{c—A}—cc1 (m)
25 R ct 25
R Lo (x)
30 ¢ 30
"}
N
IWN‘C—A LA cak o2~ ©
ol o 1
35 Moo N A NN ] NN 35
) i n i
0 0 (Y.'[)
40 40
Ry R R
Ri gy Rs Rig, B Rip, B
- AL N ~ 4
45 Gt CHCH, A-(CHZ(T‘HCHZ A% c}fzc{"\ /CHZ 5
\ Y (wm)
50 50
wherein R,, R, and R; are hydrogen atom, chlorine atom, bromine atom or an alkyl group
having 1 to 4 carbon atoms, n is O or an integer of 1 to 40, an A is a bivalent group of the
formula:
55 55
R1 Ry
_—0 00—
60 60
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wherein R,, R,, R; and R, are hydrogen atom, chlorine atom, bromine atom or an alkyl group
having 1 to 4 carbon atoms, or a bivalent group of the formula:

: by Rs .
o
R2 R4

wherein R,, R,, R; and R, are as defined above, and B is ~0-, -S—, —~C(CHj),~, —S0,— or
—CH,-.

In case that the metal compound (A) or organic compound (B) has the functionality of not less
than three, the halogenated phenol polycondensate may be employed in combination with a
small amount of a halogenated phenol, a halogenated alcohol or a halogenated amine.

The reaction of the halogenated phenol polycondensate with the metal compound (A) or the
organic compound (B) is carried out (a) in the presence of an alkali metal hydroxide with or
without a solvent such as benzene, toluene, xylene, methylene dichloride, chloroform or carbon
tetrachloride, or (b) in a nonpolar solvent in the presence of a Lewis acid such as BF;. The
reaction is usually carried out at a temperature of 20° to 90°C. for 0.5 to 4 hours The metal
compound (A) or organic compound (B) is employed in an amount of chemical equivalent or
slight excess for the halogenated phenol polycondensate.

The reaction product of the present invention is very useful as a flame retarder for polymeric
materials. The polymeric materials to which the flame retarder of the invention is applied are not
particularly limited. For instance, the flame retarder of the invention is appliable to polystyrene,
polyethylene, polypropylene, acrylonitrile-butadiene-styrene resin, acrylic resins, vinyl chloride
resins, polyphenylene oxide, polycarbonate, polyamide, saturated or unsaturated polyester,
melamine resin, epoxy resin, phenol resin and cellulosic materials.

The amount of the flame retarder of the present invention added to the polymeric materials is
not particularly limited, but preferably, it is employed in an amount of 2 to 50% by weight of
the polymeric material. The flame retarder of the invention may be employed in the form of a
solid, a solution in a solvent such as methylene dichloride or chloroform, or an emulsion in
water or an oil such as turpentine oil, tall oil, coconut oil, tung oil, palm oil, linseed oil or castor
oil. The flame retarder is added to polymeric materials, for instance, at the time of polymeriza-
tion, molding or spinning, or an another occasion of mixing. _

The flame retarder of the present invention may be employed in combination with known
flame retarders and/or flame retarding assistances, e.g. halogen-containing alkyl phosphates,
halogen-containing alkyl phosphites, metal oxides, metal hydroxides and alkyl metals. Also, the
flame retarder of the invention may be employed in combination with other known additives
such as stabilizer, coloring agent, an agent for imparting weatherability, delustering agent,
antistatic agent and filler without losing the effect of these additives.

When the flame retarder of the present invention is employed for imparting flame resistance
to polymeric materials, it shows excellent features such that it is excellent in flame resistance,
compatibility, weatherability and heat resistance, the migration thereof in the polymeric
materials is very small, it does not exert a bad influence upon molding processability of the
polymeric materials and mechanical properties of the moldings, and electric characteristic is not
lowered. Therefore, the flame resistant polymeric materials added with the flame retarder of the
invention can be used, for instance, as moldings, films, foams, coating materials such as paints,
fibrous materials and liminates.

The present invention is more specifically described and explained by means of the following
Examples, in which ail parts and % are by weight unless otherwise noted. It is to be understood
that the present invention is not limited to the Examples, and various changes and modifications
may be made in the invention without departing from the spirit and scope thereof.

Example 1

A 500 ml. four neck flask was charged with 80 g. of tribromophenol polycondensate having
an acid value of 35.2 (average molecular weight: about 1,600), 200 ml. of chloroform and 4 g.
of a 50% aqueous solution of NaOH, and the reaction was carried out. To the flask was
gradually added 26 g. of a 20% aqeuous solution of BaCl,, and the reaction was carried out at
25°C. for 1 hour with agitation. After the completion of the reaction, the reaction mixture was
washed with water to remove the by-produced salt, and was then dried to give a compound
having the following presumed structure. The bromine content of the compound was 64.1%.

10

15

20

25

30

35

40

45

50

55

60

65



Br Br

‘65 Example 5

4 GB2118564A 4
Br
Br 5 Br
10 1
Example 2 0
A flash was charged with 70 g. of tribromophenol polycondensate having an acid value of 20
(average molecular weight: about 2,800), 4.2 g. of tribromophenol, 200 ml. of chloroform and
3 g. of a 50% aqueous solution of NaOH, and the reaction was conducted. To the flask was
15 added 2.9 g. of SbCl,, and the reaction was carried out at 25°C. for 1 hour with agitation. After 15
the completion of the reaction, the reaction mixture was washed with water and dried to give a
compound having the following presumed structure. The bromine content of the compound was
64.1.
20 20
Q . °~Q~w
25 r 10 |2 8r 25
~ Example 3
30 A flask was charged with 80 g. of tribromophenol polycondensate having an acid value of 30
35.2 (average molecular weight: about 1,600), 200 ml. of toluene and 4.2 g. of a 50%
aqueous solution of NaOH, and the reaction was conducted. To the flask was added 4.7 g. of
ethylene dibromide, and the reaction was carried out under reflux with agitation for 24 hours.
~ The re‘action mixture was washed with water, and the toluene layer was separated and added
35 dropwise to 500 m!. of methanol to crystallize the product. The crystals were separated and 35
dried to give a compound having the following presumed structure. The bromine content of the
compound was 65.2%.
40 | 40
Q Cz H4
- Br/5 J2
45 45
Example 4
A flask was charged with 86 g. of pentabromophenol polycondensate having-an acid value of
6.5 (average molecular weight: about 8,600), 200 ml. of toluene and 1 g. of.a 50% aqueous
‘50 solution of NaOH, and the reaction was conducted. To the flask was aded 0.75 g. of 50
dichlorodiethy! ether. The reaction and the recovery were conducted in the same manner as in
Example 3 to give a compound having the following presumed structure. The bromine content
of the compound was 78.3%.
55
Br Br Br Br Br Br
A% % CHZCHZOCHZCH —% é—ﬁr
60
i\-Br BrEZO 40 Br Br
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5 GB2118564A b
A flask was charged with 40 g. of tribromophenol polycondensate having an acid value of 14
(average molecular weight: about 4,000), 26 g. of trichlorophenol polycondensate having an
acid value of 21.5 (average molecular weight: about 2,600), 200 ml. of toluene and 1.8 g. of a
50% aqueous solution of NaOH, and the reaction was conducted. To the flask was added 6.4 g.
5 of bis(bromoethyl) tetrabromophenylene ether. The reaction and the recovery were conducted in b
the same manner as in Example 3 to give a compound having the following presumed structure.
The content of a halogen calculated as bromine was 78.1%.
10

10 Br Br Br  Br c1 cL

15 Br Br/ 13 Br Br Cl bt 15
Example 6

20 A flask was charged with 70 g. of tribromophenol polycondensate having an acid value of 20 20
(average molecular weight: about 2,800), 200 ml. of toluene and 2.2 g. of a 50% aqueous
solution of NaOH, and the reaction was conducted. To the flask was added 9.8 g. of )
bis(bromoethyloxydibromophenyl)sulfone. The reaction and the recovery were conducted in the
same manner as in Example 3 to give a compound having the following presumed structure.

25 The bromine content of the compound was 63.7%. 25

Br Br Br Br
30 30
B 0 0 Chp CH 0 50; 0CH,CHy—
10
35 0 0@_ Br 35
Br 10 8r

40 40

Example 7

A flask was charged with 85 g. of tribromophenol polycondensate having an acid value of
16.5 (average molecular weight: about 3,400), 200 ml. of methylene dichloride and 2 g. of a
50% aqueous solution of NaOH, and the reaction was conducted. To the flask was adde_d 2.6 g.

45 of terephthaloyl dichloride, and the reaction was carried out at 40°C. for 1 hour with agitation. 45
The reaction mixture was sufficiently washed with 1% aqueous ammonia, and the methylene
dichloride layer was added dropwise to 1,000 ml. of methanol to precipitate the product. The
crystals were separated and dried to give a compound having the following presumed structure.

The bromine content of the compound was 63.6%.
50 50
Br Br\ o o /Br Br
Il I
55 ero 04-c C—0 0{_Y-br 55
' 12
Br Br/12 Br Br

60 60

Example 8

A flask was charged with 2.6 g. of bis(hydroxydibromophenoxy)methane, 200 ml. of
methylene dichloride and 0.8 g. of a 50% aqueous solution of NaOH, and the reaction was
conducted. To the flask was added 2.1 g. of terephthaloyl dichloride, and the mixture was

65 agitated for 30 minutes. To the flask was then added 78 g. of tribromophenol polycondensate 65



cyanuric chloride, and the reaction and recovery were conducted in the same manner as in
Example 9 to give a compound having the following presumed structure. The bromine content
of the compound was 63.6%.

6 GB2118564A 6
having an acid value of 7 (average molecular weight: about 7,800), and after dissolving it, 5 g.
of triethylamine was added to the flask. The reaction was then carried out at 40°C. for 1 hour.
The reactin mixture was sufficiently washed with 1% aqueous ammonia, and the methylene
dichloride layer was added dropwise to 1,000 ml. of methanol to precipitate the product. The
5 crystals were then separated and dried to give a compound having the following presumed 5
structure. The bromine content of the compound was 63.6%.
10 Br Br ﬁ ﬁ Br 10
BrQO 04-C -0 CHy—
0
15 Br Br 7 Br 15
Br ¢ ﬁ Br Br
0-C o o@»sr
20 '
Br Br 30 Br 20
25 Example 9 25
A flask was charged with 57.5 g. of tribromophenol polycondensate having an acid value of
24 (average malecular weight: about 2,300), 4 g. of tribromophenol, 100 ml. of toluene, 50
ml. of dimethylformamide and 3 g. of a 50% aqueous solution of NaOH, and the reaction was
conducted. To the flask was then added 2.3 g. of cyanuric chloride. The temperature was
30 gradually elevated, and the reaction was carried out at 100°C. for 10 hours with agitation. The 30
product was recovered and dried in the same manner as in Example 3 to give a compound
having the following presumed structure. The bromine content of the compound was 64.7%.
35
Br Br Br Br 35
N
AN 0 ?/ N0 O«Z}Sr
40
-\ Br /8 N, \Br 7 Br 40
l__- Br
45 0 Br 45
Br
50 50
Example 10 )
A flask was charged with 40 g. of tribromophenol polycondensate having an acid value of
67.5 (average molecular weight: about 800), 16.5 g. of tribromophenol, 13.6 g. of tetrabromo-
bisphenol, 100 ml. of toluene, 50 ml. of dimethylformamide and 12 g. of a 50% aqueous
55 solution of NaOH, and the reaction was conducted. To the flask was then added 9.2 g. of 55
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Br Br Br CH,
5 N | 5
Br 0 0——¢Z (—0 c—
LT |
Br Br NN Br CH3
¢ Br
10 | : 10
0 Br
Br
15 15
Br Br Br
N
o-|c¢ \(l:l 0 o@— Br
20 Br N\C/N Br /2 Br 20
I Br,
0 Br
25 Br 25
Example 11
30 A flask was charged with 85 g. of tribromophenol polycondensate having an acid value of 30
16.5 (average molecular weight: about 3,400), 200 ml. of toluene, 20 ml. of isopropy! alcohol
and 2 g. of a 50% aqueous solution of NaOH, and the reaction was conducted. To the flask
was then added 2.6 g. of phenylphosphoro dichloridate, and the reaction was carried out at
20°C. for 1 hour with agitation. The recovery of the product was conducted in the same manner
35 as in Example 7 to give a compound having the following presumed structure. The bromine 35
content of the compound was 63.9%.
40 Br Br 0 40
Il
ero 0 P-O-@
Br Br /12 2
45 45
Example 12
To 100 parts Hl-polystyrene were added 15 parts of the compund obtained as a flame
50 retarder in Example 2 and 5 parts of antimony trioxide, and they were kneaded at 200°C. for 6 50
minutes. The mixture was molded by injection molding to give test specimens having a size of
127 mm. X 12.7 mm. X 3.2 mm., and the specimens were subjected to the flame resistance
test and weathering test.
The flame resistance test was carried out according to UL-94 (1/8 inch), and the average
55 flaming time (second), total glowing time (second) and dripping were estimated. 55
The weathering test was carried out by employing a fade-o-meter. After irradiating xenon
discharge light to the specimens for 12 hours, the change in appearance of the specimens was
observed and estimated.
The results are shown in Table 1.
60 60
Examples 13 and 14 and Comparative Examples 1 and 2
The procedures of Examples 12 were repeated except that as a flame retarder, there was
employed the compound obtained in Example 3 (Example 13), the compound obtained in
Example 9 (Example 14), decabromodiphenyl ether (Comparative Example 1) or a polyconden-
65 sate of 10 molecules of tribromophenol (hereinafter referred to as ‘‘tribromophenol polyconden- 65
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sate’’) (Comparative Example 2}.
The resufts are shown in Table T.
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10 GB2118564A 10
Examples 15 to 17 and Comparative Examples 3 and 4
The procedures of Example 12 were repeated except that 100 parts of an acrylonitrile-
butadiene-styrene resin was employed instead of the Hl-polystyrene and 15 parts of the flame
retarder shown in Table 2 were employed.
5 The results of the flame resistance test are shown in Table 2. 5
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12 GB2118564A 12

Examples 18 to 20 and Comparative Examples 5 to 6
To 100 parts of polystyrene were added 10 parts of the flame retarder shown in Table 3 and
3 parts of antimony trioxide, and they were kneaded at 170°C. for 5 minutes. The mixture was
malded by injection molding to give test specimens having a size of 150 mm. X 6.5 mm. X 3.2
5 mm. The specimens were subjected to the flammability test and migration test. 5
The flamability test was carried out according to JIS K-7201, and the limited oxygen index
was measured.
The migration test was carried out by subjecting specimens having a size of 1560 mm. X 50
mm. X 3.0 mm. to exposure test at 70°C. for 168 hours and observing blooming of the
10 specimens by the naked eye. 10
The results are shown in Table 3.
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Examples 21 to 23 and Comparative Example 7

To 100 parts of polyethylene terephthalate were added 5 parts of barium metasilicate and 9
parts of the flame retarder shown in Table 4, and they were kneaded at 260°C. Test specimens
having a size of 127 mm. X 12.7 mm. X 1.6 mm. were prepared according to JIS K-6911, and
were subjected to the flame resistance test, migration test and the measurement of tensile b
strength and bending strength.

The flame resistance test was carried out according to UL-84 (1/16 inch).

The tensile strength and bending strength were measured according to JIS K-6911.

The results are shawn in Table 4.
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16 GB2118564A 16

Example 24 and Comparative Example 8
To 90 parts of polyamide were added 10 parts of polycarbonate, 5 parts of the flame retarder

shown in Table 5 and 2 parts of antimony trioxide. They were kneaded at 260°C., and test
specimens were prepared from the mixture. The flame resistance, tensile strength, bending

5 strength and weatherability were measured. 5
The flame resistance test was carried out according to UL-84 (1/8 inch).
The tensile strength and bending strength were measured according to JIS K-6911.
The weatherability was measured by irradiating xenon discharge light to the specimens for
150 hours in a fade-O-meter and observing the appearance of the specimens.
10

10 The results are shown in Table 5.
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Examples 25 to 27 and Comparative Example 9

To 100 parts of a commercially available phenol resin varnish (solid content: 60%) were
added 10 parts of the flame retarder shown in Table 6, 3 parts of antimony trioxide and 30
parts of tricresyl phosphate. After admixing them, a cotton linter paper was impregnated with
the varnish so that the resin content became 45%, and was dried to give a resin-impregnated 5
paper.

Seven sheets of the resin-impregnated paper were laminated and pressed at 160°C. and 80
kg./cm?. for 50 minutes to give a laminated board having a thickness of 1.6 mm. With respect
to the thus obtained laminated board, the flame resistance, insulation property, heat resistance,
punching quality, interlaminar adhesion property and the state of the surface finishing were 10
examined. :

The flame resistance was measured according to UL-94 (1/16 inch).

The insulatin property was measured with respect to the specimens treated with boiling water
according to JIS C-6481.

The heat resistance was measured according to JIS C-6481. 15

The punching quality test was conducted according to ASTM D 617.

The interlaminar adhesion property and the state of the surface finishing were observed and
estimated by the naked eye.

The results are shown in Table 6.

)]
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Example 28
There were thoroughly admixed 40 parts of the flame retarder obtained in Example 11, 10
parts of tricresyl phosphate, 5 parts of a non-ionic surface active agent (commercial name
*“NOIGEN ET-180"" made by Dai-Ichi Kogyo Seiyaku Co., Ltd.), 20 parts of trimethylolmelam-
ine, 2 parts of diammonium hydrogenphosphate and 110 parts of water to give an emulsion. A 5
cotton cloth having a basis weight of 127.0 g./m.? was impregnated with the emulsion,
squeezed up to weight increase of 80% and dried at 80°C. for 10 minutes. The impregnated
cloth was then cured at 140°C. for 5 minutes and was subjected to the flamability test and the
washing test.
The flamability test was conducted according to JIS A-8952. The estimation was passing. 10
The result of the washing test was good. The treated cloth was washed 10 times according to
JIS L-1004. The weight decrease was less than 5%. The treated cloth was aiso dry-cleaned 10
times according to JIS L-860. The weight decrease was less than 5%.
In addition to the ingredients used in the Examples, other ingredients can be used in the
Examples as set forth in the specification to obtain substantially the same results. 15

CLAIMS

1. A flame retarder for organic high molecular compounds which comprises a compound
prepared by reacting a polycondensate of a halogenated phenol with a member selected from
the group consisting of a metal compound and an organic compound, said metal compound and 20
organic compound having at least two functional groups capable of reacting with the terminal
hydroxyl group of said polycondensate.

2. The flame retarder of Claim 1, wherein said halogenated phenol is a member selected
from the group consisting of monobromophenol, dibromophenol, tribromophenol, tetrabromo-
phenol, pentabromophenol, dibromocresol, monochlorophenol, dichlorophenol, trichlorophenol, 25
tetrachlorophenol and pentachlorophenol.

3. The flame retarder of Claim 1, wherein said metal compound is a member selected from
the group consisting of magnesium halides, aluminum halides, calcium halides, antimony
halides, tin halides and barium halides.

4. The flame retarder of Claim 1, wherein said organic compound is a member selected from 30
the group consisting of alkyl dihalides, acyl dihalides, haloacy! dihalides, phosphoro dihalodate,
cyanuric halides, organic compounds having active halogens and a polyepoxy compound.

5. A flame retarder for organic high molecular compounds substantially as described with
reference to any one of the examples disclosed herein.
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