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Description
TECHNICAL FIELD

[0001] Thepresentinventionrelatesto aflame-retarded foamable styrene-based resin composition and shaped articles
produced therefrom.

BACKGROUND ART

[0002] Lightweightfoamed polystyrene articles have been used in a variety of applications as heat insulation materials
for buildings, houses and household electrical appliances and as materials for earth-piling in civil engineering technology.
[0003] Polystyrene is consisted of solely carbon and hydrocarbon atoms and very inflammable. Once ignited, poly-
styrene foams burn rapidly with evolution of black smoke. Consequently, it is imperative in some application fields to
impart polystyrene foams with flame retardancy by the addition of flame retardants. Bromine-containing organic com-
pounds are widely used for this purpose. In order to accomplish high flame retardancy with minimum amount of addition,
a flame retardant in which all brome atoms are attached to aliphatic carbon atoms such as hexabromocyclododecane
(HBCD) is especially effective. However, such a flame retardant exhibits poor heat stability and causes problems such
as deterioration and darkening of styrene-based resins, corrosion of processing machines due to generation of hydrogen
bromide gas.

[0004] Certainflame retardants having high heat stability are known including tetrabromobisphenol A-bis(2,3-dibromo-
propyl ether). These flame retardants are lower in the flame retardant effect than HBCD and like aliphatic flame retardants
and require a larger amount of addition than HBCD and like aliphatic flame retardants to accomplish the same level of
flame retardancy. Therefore, the use of large amounts of flame retardants having relatively high heat stability causes
problems of decreasing the physical properties of styrene-based resins and increasing the production cost of foamed
articles made therefrom.

[0005] Polystyrene foams are produced by melting the starting polystyrene together with any desired additives, mixing
a blowing agent into the melt and extruding the melt to the atmosphere at a low temperature from an extruding machine.
When thermally unstable flame retardants such as HBCD are used to produce flame-retarded polystyrene foam by the
above process, deterioration of the polymer such as depolymerization and darkening occurs necessarily. In order to
alleviate this problem, it has been proposed in JP 2006316251A to use a heat stabilizing agent together with the flame
retardant.

[0006] Recently,ademandforrecycling of polystyrene foam arises as environmental concern enhances. In the recycled
use, polystyrene foams to be recycled are subjected to heating repeatedly and hence require further improved heat
stability than required heretofore.

[0007] JP 2005139356A proposes to employ tetrabromobisphenol A-bis(2-methyallyl ether) or tetrabromobisphenol
A-bis(2,3-dibromo-2-methylpropyl ether) when producing polystyrene foams suitable for recycling. However, the poly-
styrene foams are not satisfactory in the heat stability for recycling. WO 2007/091504 (corresponding to EP 1 983 028
A1) discloses a flame-retardant styrene resin composition which comprises a bromine-containing flame retardant having
a bromine content greater than 60 wt.% and a compound selected from urea, thiourea and a derivative thereof having
at least one hydrocarbon and/or an acyl substituent attached to an amine nitrogen atom thereof.

BRIEF SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] The present invention has been made to solve the foregoing problems. Therefore, it is a principal object of the
invention to provide a flame-retarded foamable styrene-based resin composition which is capable of recycling while
retaining excellent flame retardancy and heat stability.

MEANS FOR SOLVING THE PROBLEMS

[0009] The present invention provides a flame-retarded foamable styrene-based resin composition consisting of

a styrene based resin,

a bromine-containing flame retardant,

a blowing agent,

optionally a heat stabilizer selected from the group consisting of phosphite heat stabilizers, thioether heat stabilizers
and hindered phenol heat stabilizers optionally a nucleus agent,

optionally a flame-retardancy enhancer, selected from the group consisting of free radical generators and phthalocyanine
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metal complexes,

optionally an auxiliary flame retardant, selected from the group consisting of antimony trioxide, antimony pentoxide, zinc
borate, hydrated alumina, and molybdenum oxide, and

optionally known additives, selected from light stabilizers, UV absorbing agents, UV stabilizing agents, heavy metal
sequestering agents, impact strength enhancing agents, coloring agents, lubricants, drip retardants, antistatic agents
and co-solubilizing agents,

wherein said bromine-containing flame-retardant is a mixture of

(a) an organic bromine-containing compound having a 2,3-dibromo-propyl group or an organic bromine-containing
compound having a bromine content of greater than 60 wt% in which all bromine atoms are attached to a benzene
ring, and

(b) an organic bromine-containing compound having a 2,3-dibromo-2-alkylpropyl group,

wherein said composition comprises said mixture in an amount from 0.5 to 10 parts by weight per 100 parts by weight
of said styrene-based resin, and wherein the ratio of said organic bromine-containing compound (a) to said organic
bromine-containing compound (b) in said mixture is from 90:10 to 10:90 on weight basis.

EFFECT OF THE INVENTION

[0010] According to the present invention, it is possible to produced a flame-retarded foamable styrene-based resin
composition exhibiting a flame retardancy level equal to or higher than the flame retardancy level achievable with the
bromine-containing organic compound (a) or (b) in an amount greater than the total amount of said compounds (a) and
(b) when used in combination, and also exhibiting a high heat stability for allowing recycling.

BEST MODE FOR CARRYING OUT OF THE INVENTION

[0011] The term "styrene-based resin " as used herein refers to styrene homopolymers and copolymers preferably
containing more than 50% of styrene and the balance of a styrene derivative such as o-, m- or p-methylstyrene, 2,4-
dimethylstyrene, ethylstyrene, p-(t-butyl) styrene, o-methylstyrene, a-methyl-p-methylstyrene, 1,1-diphenylethylene,
p-(N,N-diethylaminoethyl)styrene or p-(N,N-diethylaminomethyl)styrene, and mixtures of styrene homopolymers and
copolymers. Typical example is polystyrene.

[0012] Also included in the styrene-based resins are a blend of homo- or copolymers of styrene and a rubber-like
polymer such as polybutadiene, polyisoprene, styrene-butadiene copolymer, styrene-isoprene copolymer, acrylnitrile-
butadiene copolymer, styrene-isobutylene-butadiene copolymer, butadiene-(meth)acrylate copolymer, styrene-butadi-
ene block copolymer, styrene-isoprene block copolymer, butyl rubber, ethylene-a-olefin copolymer (ethylene-propylene
rubber), ethylene-o-olefine-polyene copolymer (ethylene-propylene-diene rubber), silicone rubber, acrylate rubber, or
hydrogenated diene rubber (hydrogenated styrene-butadiene block copolymer or hydrogenated butadiene copolymer).
A mixture of two or more rubber-like polymers may be used. The proportion of the rubber-like polymer in the blend with
the styrene homo- or copolymers is preferably less than 30 wt% and more preferably less than 20 wt%.

[0013] The bromine-containing flame retardant used in the present invention is a mixture of (a) a bromine-containing
organic compound having a 2,3-dibromopropyl group or a bromine-containing organic compound having a bromine
content greater than 60 wt% in which all bromine atoms are attached to a benzene ring, and (b) a bromine-containing
organic compound having 2,3-dibromo-2-alkylpropyl group, typically 2,3-dibromo-2-methylpropyl group.

[0014] Examples of the bromine compound (a) having 2,3-dibromopropyl group include tetrabromo-bisphenol A-
bis(2,3-dibromopropyl ether), tetrabromo-bisphenol S-bis(2,3-dibromopropyl ether), tetrabromo-bisphenol F-bis(2,3-di-
bromopropyl ether), tris(2,3-dibromopropyl)isocyanurate, and tris(2,3-dibromo-propyl)cyanurate. Examples of the bro-
mine compound (a) having a bromine content greater than 60 wt% in which all bromine atoms are attached to a benzene
ring include tetrabromobisphenol A, hexabromobenzene, pentabromotoluene, polybromodiphenyl ether, poly-bro-
modiphenylethane, bis-polybromophenoxy ethane, tris-polybromophenoxytriazine, polybromophenyl-indane, po-
ly(pentabromobenzyl acrylate), and ethylenebis-tetrabromophthalimide.

[0015] Examples of the bromine-containing organic compound (b) having 2,3-dibromo-2-alkyl-propyl group include
tetrabromobisphenol A-bis(2,3-dibromo-2-methylpropyl ether), tetrabromobisphenol S-bis(2,3-dibromo-2-methylpropyl
ether), and tetrabromobisphenol F-bis(2,3-dibromo-2-methylpropyl ether).

[0016] The proportion of the bromine compound (a) to the bromine compound (b) in the mixture thereof ranges between
10:90 and 90:10, preferably between 20:80 and 80:20, and especially between 30:70 and 80:20 on weight basis. The
heat stability of the composition may be enhanced by the use of a mixture of the bromine compounds (a) and (b) having
the proportion within the above range.

[0017] According to the present invention, the flame-retarded foamable styrene-based resin composition comprises
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0.5 to 10 parts, preferably 0.5 to 6 parts by weight of said mixture of bromine compounds (a) and (b) per 100 parts by
weight of the styrene-based resin. Enhanced flame retardancy and heat stability may be imparted to the composition
by the addition of said bromine compounds (a) and (b) in combination in a total amount within the above range.
[0018] The flame-retarded foamable styrene-based resin composition may optionally comprise a heat stabilizer se-
lected from the group consisting of phosphite, thioether and hindered phenol heat stabilizers to further enhance the heat
stability.

[0019] Examples of phosphite heat stabilizers include tris(2,4-di-t-butylphenyl)phosphite, bis(2,4-di-t-butylphenyl) pen-
taerythritol diphosphite, bis[2,4-bis(1,1-dimethylethyl)-6-methylphenyl]lethyl phosphite, tetrakis(2,4-di-t-butylphe-
nyl)-(1,1-biphenyl)-4,4’-diyl bisphosphonite, bis(nonylphenyl)pentaerythritol diphosphite, bis(stearylpentaerythritol)di-
phosphite, bis(2,6-di-t-butyl-4-methylphenyl)pentaerythritol diphosphite, 2,2’-methylenebis(4,6-di-t-butyl-1-phenyloxy)
(2-ethylhexyloxy)phosphorus, tetra(tridecyl)-4,4’-butylidene-bis(2-t-butyl-5-methylphenyl) diphosphite, hexa(tridecyl)-
1,1,3-tris(3-t-butyl-6-methyl-4-oxyphenyl)-3-methylpropane triphosphite, di(nonyl)phenyl p-nonylphenyl phosphite,
tris(nonylphenyl) phosphite, tetra-(C,-C¢) alkyl-4,4’-isopropylidene-(bisphenyl) diphosphite, mono- or diphenyl-mono-
ordi-(Cg-C43) alkyl phosphite, mono-or diphenyl-mono- or di-(Cg-C,3) alkoxyalkyl phosphite, diphenyl isodecyl phosphite,
tris(decyl) phosphite, and triphenyl phosphite.

[0020] Examples of thioether heat stabilizers include dilauryl 3,3’-thiodipropionate, dimyristyl 3,3’-thiodipropionate,
distearyl 3,3’-thiodipropionate, pentaerythritol tetrakis(3-laurylthiopropionate), di(tridecyl) 3,3’-thiodipropionate, and 2-
mercapto-benzimidazole.

[0021] Examples of hindered phenol compounds include 1,6-hexanediol-bis[3-(3,5-di-tert-butyl-4-hydroxyphenyl) pro-
pionate], triethyleneglycol bis [3-(3-tert-butyl-5-methyl-4-hydroxyphenyl) propionate], glycerine tris[3-(3,5-di-tert-butyl-4-
hydroxy-phenyl) propionate], pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-hydroxy-phenyl) propionate], octadecyl-3-(3,5-
di-tert-butyl-4-hydroxyphenyl) propionate, thiodiethylenebis[3-(3, 5-di-tert-butyl-4-hydroxypheny 1) propionate], N,N’-
hexane-1,6-diyl bis[3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionamide], 2,4-dimethyl-6-(1-methylpentadecyl) phenol,
diethyl [[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl] methyl] phosphonate, calcium diethyl bis[[3,5-bis(1,1-dimethyle-
thyl)-4-hydroxyphenyl] methyl] phosphonate, 3,3’,3", 5, 5°, 5"-hexa-tert-butyl-a, a’, a"-(mesitylene-2,4,6-triyl)tri-p-cresol,
4,6-bis(octylthiomethyl)-o-cresol, ethylenebis(oxyethylene)bis[3-(5-tert-butyl-4-hydroxy -m-tolyl)propionate], hexameth-
ylenebis[3-(3,5"di-tert-butyl-4-hydroxyphenyl) propionate], 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-1,3,5-tri azine-
2,4,6-(1H, 3H, 5H)trione, 1,3,5-tris[(4-tert-butyl-3-hydroxy-2,6-xylyl)methyl]-1, 3,5-triazine-2,4,6-(1H,3H,5H)-trione, and
2,6-di-tert-butyl-4-(4,6-bis(octylthio)-1,3,5-triazin-2-ylamino) phenol.

[0022] When added, the amount of heat stabilizer is preferably from 0.01 to 0.5 parts by weight per 100 parts by weight
of the styrene-based resin.

[0023] The flame-retarded foamable styrene-based resin composition according to the present invention may further
comprise an auxiliary flame retardant to further enhance the flame retardant effect of the bromine containing flame
retardant, selected from the group consisting of antimony trioxide, antimony pentoxide, zinc borate, hydrated alumina,
and molybdenum oxide. When added, the amount of auxiliary flame retardant is preferably from 0.01 to 5 parts by weight
per 100 parts by weight of the styrene-based resin.

[0024] It has been known that the flame retardant effect of bromine-containing flame retardants may be enhanced
with a free radical generator or a phthalocyanine metal complex. Examples of free radical generators include cumene
peroxide, cumene hydroperoxide, di-tert-butyl peroxide, di-t-hexylperoxide, 2,5-dimehyl-2,5-di(t-butylperoxy)hexyne-3,
dicumyl peroxide, and 2,3-dimethyl-2,3-diphenylbutane. Examples of phthalocyanine metal complexes include phthalo-
cyanine iron complex, phthalocyanine manganese complex, and phthalocyanine cobalt complex. Dicumyl peroxide, 2,3-
dimethyl-2,3-diphenylbutane and phthalocyanine iron complex are preferable. When used, the amount of free radical
generator or phthalocyanine metal complex is preferably from 0.01 to 0.5 parts by weight per 100 parts by weight of the
styrene-based resin.

[0025] The composition of the present invention may be processed into foamed articles either by the extrusion process
or by the beads process. In the extrusion process, a bromine-containing flame retardant is blended with the styrene-
based resin together with other additives by heating in an extruder machine to melt the resin, introducing a blowing agent
under pressure into the molten mixture and the extruding the molten mixture through a die to the atmosphere. In the
beads process, styrene-based resin beads produced by the suspension polymerization process are impregnated with
an emulsion containing the bromine-containing flame retardant and various additives other than the blowing agent, and
then with the blowing agent under pressure in an autoclave. After drying, the resulting beads are pre-expanded with
steam at 100°C and then transferred into a mold where pre-expanded beads are heated with superheated steam for
shaping the foam.

[0026] Any of known blowing agents may be employed. Examples thereof include organic volatile blowing agents such
as propane, butane, isobutane, pentane, cyclopentane, hexane, cyclohexane, 1-chloro-1, 1-difluoroethane, monochloro-
difluoromethane monochloro-1,2,2,2-tetraflucroethane, 1,1-difluoroethane, 1,1,1,2-tetrafluoroethane, 1,1,3,3,3-pen-
tafluoropropane, dichloromethane, 1,2-dichloroethane, dimethyl ether, diethyl ether and methyl ethyl ether; inorganic
blowing agent such as water, nitrogen gas and carbon dioxide gas; and chemical blowing agents such as azo compounds.
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Two or more blowing agents may be used in combination. The amount of blowing agent may vary depending upon the
properties required for foamed articles and the foaming process. Generally, 0.01 to 0.5 moles, preferably 0.05 to 0.3
moles of the blowing agent are required for 100 parts by weight of styrene-based resin.

[0027] A nucleus agent may be used together with the blowing agent for producing foamed articles of the present
invention. Examples of such nucleus agents include talc, bentonite, kaolin, mica, silica, clay or diatomaceous earth. The
nucleus agentis used 0.01 to 20 parts, preferably 0.1 to 10 parts by weight per 100 parts by weight of the styrene-based
resin.

[0028] The composition of the present invention may further comprise light stabilizers, UV absorbing agents, UV
stabilizing agents, heavy metal sequestering agents, impact strength enhancing agents, coloring agents, lubricants, drip
retardants, crystal nucleus agents, antistatic agents and co-solubilizing agents.

EXAMPLES

[0029] The following examples and comparative examples are given to illustrate the present invention without limiting
the invention thereto.

1. Materials
[0030] The following materials are used in the examples and the comparative examples.
(A) Styrene-based resin:

(A1) GP-PS; PSJ polystyrene G9305, PS Japan Co., Ltd.
(A2) Polystyrene bead prepared by the following process.

A 5 liter autoclave equipped with a stirrer was charged with 2,000g of deionized water, 4g of calcium phosphate
and 0.5g of sodium lauryl benzene sulfonate and the mixture was stirred. To this were added dropwise 2,000g of
styrene monomer containing 6g of benzoyl peroxide (BPO) dissolved therein with stirring and the suspension process
was continued for additional 8 hours at 100°C The resulting polystyrene beads were recovered by filtration, washed
with distilled water, dried, and sieved to collect the beads having particle size from 0.3 to 1.0mm. The weight average
molecular weight (Mw) was determined as 290,000 by the GPC analysis.

(B) Bromine-containing organic compounds:

(a)-1: Tetrabromobisphenol A-bis(2,3-dibromo-propyl ether), PYROGUARD SR-720, Dai-Ichi Kogyo Seiyaku
Co., Ltd.

(a)-2: Tetrabromobisphenol S-bis(2,3-dibromo-propyl ether), NONEN PR-2, Marubishi Oil Chemical Co., Ltd
(a)-3: Tris(2,3-dibromopropyl)isocyanurate, TAIC-6B, Nippon Kasei Chemical Co., Ltd.
(a)-4:2,4,6-Tris(2,4,6-tribromophenoxy)-1,3,5-triazine, PYROGUARD SR-245, Dai-Ichi Kogyo Seiyaku Co., Ltd.
(a)-5: 1,2-Bis(2,4,6-tribromophenoxy)ethane, FF680, Chemtura Japan Co., Ltd.

(a)-6: Tetrabromobisphenol A, FR-1524, ICL-IP Japan Co., Ltd.

(a)-7: Poly(pentabromobenzylacrylate), FR-1025, ICL-IP Japan Co., Ltd.

(b)-1: Tetrabromobisphenol A-bis(2,3-dibromo-2-methylpropyl ether), PYROGUARD SR-130, Dai-Ichi Kogyo
Seiyaku Co., Ltd.

(C) Heat stabilizer:

Mixture of tris(2,4-di-tert-butylphenyl)phosphite and pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphe-
nyl)propionate, IRGANOX B 225, Ciba Specialty Chemicals Co., Ltd.

(E) Flame retardancy enhancer:
2,3-Dimethyl-2,3-diphenylbutane, NOFMER-BC-90, NOF Corp.
(F) Blowing agent:

Isobutane
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Foam nucleus agent:
[0031] Talc MS, Nippon Talc Co., Ltd.
Other additive:
[0032] Dioctyl adipate, DOA, Daihachi Chemical Industry Co., Ltd.
2. Preparation of test specimens
(1) Extrusion process

[0033] A twin-screw extruder system comprising series-connected first extruder having inner diameter (ID) of 65mm
and second extruder having ID of 90mm was used. All materials shown in Table 1 and Table 2 other than the blowing
agent were fed to the first extruder and heated to 200°C to melt and mix the material thoroughly. The blowing agent was
introduced under pressure through a separate line at a location near the forward end of the first extruder. Then the
molten materials were continuously transferred to the second extruder, cooled there to a temperature of 120°C and
extruded to the atmosphere through a die having a rectangular shape of 2.5mm x 45mm size provided at the distal end
of second extruder into a foamed extrudate having a rectangular cross-section.

(2) Beads process

[0034] An autoclave equipped with a stirrer was charged with 100g of distilled water, and flame retardant (B), the heat
stabilizer (C), flame retardancy enhancer (E) and nucleus agent in amounts shown in Table 3, respectively. After adding
an amount of sodium laurylbenzene sulfonate, the mixture was stirred at room temperature to make a homogeneous
emulsion. To this were added 100g of classified polystyrene beads and the stirring was continued for 5 hours at 100°C
to impregnate the beads with the emulsified additives. Then 10g of the blowing agent was introduced into the autoclave
under pressure and the mixture was heated to 115°C for 8 hours with stirring to impregnate the beads with the blowing
agent. After separating of water, the beads were heated to 100°C with steam for pre-foaming. The pre-foamed beads
were transferred to a cubic mold and heated to 115°C with superheated steam to obtain shaped foam specimen.

3. Evaluation methods

(1) Shaping property

[0035] Appearance of shaped foam is visually evaluated according to the following schedule.

[0036] Good : A high-quality foam essentially free from cracks, voids or other defects was stably obtained.

[0037] Not good : Stable extrusion of foam was not possible due to gas blowing from the die. Cracks, voids or other
defects were observed in the foam.

(2) Flame retardancy

[0038] Oxygen index (LOI) was determined according to the method of JIS K 7201.

Yes : LOIl = 26.0
No : LOI <26.0

(3) Decrease in molecular weight

[0039] The weight average molecular weight (Mw) of the polystyrene is measured before and after the processing into
the foam by the GPC method. Percents decrease in Mw is calculated from the difference before and after the processing.

(4) Recycling property

[0040] The cubic foamed article was sliced into a plurality of flat boards and each board was compressed by passing
through a pair of rotating rolls. The compressed board was crashed into coarse particles and kneaded in a laboratory
plastomill at 200°C for 5 minutes. After cooling, the Mw of polystyrene in the resulting mass was determined by the GPC
method. Percents decrease in Mw is calculated from the difference before and after the processing.
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[0041] Yes : More than 70% of the Mw of the starting polystyrene has been retained.
[0042] No : The Mw of the starting polystyrene has decreased to less than 70%.
[0043] Formulations and evaluation results are shown in the tables below.

Table 1
Material (pbw) Exam.1 | Exam.2 | Exam. 3 | Exam. 4 | Exam.5 | Exam.6 | Exam. 7
Resin A1 100 100 100 100 100 100 100
(a)-1 2.4 1.8 1.8 1.2 0.6
Flame Retardant (B)
(a)-2 1.8
(a)-3 1.8
(b)-1 0.6 1.2 1.2 1.8 0.4 1.2 1.2
Heat stabilizer (C) 0.2 0.2 0.2 0.2 0.2
Flame retardancy enhancer (E) 0.1
Blowing agent (F) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Nucleus agent 1 1 1 1 1 1 1
Shaping property Good Good Good Good Good Good Good
Flame retardancy Yes Yes Yes Yes Yes Yes Yes
% Decrease in Mw 3 12 3 4 3 3 7
Table 2
Comparative Examples
Material (pbw)
1 2 3 4 5 6 7 8 9
Resin A1 100 100 100 100 100 100 100 100 100
(a)-1 3 3 8 1.2 1.2 2.4
(a)-2 3 1.8 36
Flame retardant (B)
(a)-3 3 1.8
(b)-1 3
Heat stabilizer C 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Flame retardancy enhancer | E
Blowing agent F 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Nucleus agent 1 1 1 1 1 1 1 1 1
Shaping property Good | Good | Not Good | Good | Good | Good | Good | Good | Not Good
Flame retardancy No No Yes No No Yes No No No
% Decrease in Mw 20 2 3 3 2 20 3 2 3
Table 3
Materials (pbw) Exam. 8 | Exam.9 | Exam. 10 | Exam. 11 | Exam. 12 | Exam. 13
Resin A1 100 100 100 100 100 100
(a)-4 2.4 1.8 04
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(continued)

Materials (pbw) Exam. 8 | Exam.9 | Exam. 10 | Exam. 11 | Exam. 12 | Exam. 13
(a)-5 1.8
Flame retardancy (B) | (a)-6 1.8
(a)-7 1.8
(b)-1 0.6 12 0.6 1.2 1.2 1.2
Heat stabilizer (C) 0.2 0.2 0.2 0.2 0.2
Flame retardancy enhancer (E) 0.1
Blowing agent (F) 0.1 0.1 0.1 0.1 0.1 0.1
Nucleus agent 1 1 1 1 1 1
Shaping property Good Good Good Good Good Good
Flame retardancy Yes Yes Yes Yes Yes Yes
% Decrease in Mw 5 3 2 3 3 3
Table 4
Comparative Examples
Material (pbw)
10 11 12 13 14 15 16 17 18
Resin A1 100 100 100 100 100 100 100 100 100
(a)-4 3 1.8
(a)-5 3 1.8
(a)-6 3 1.8
Flame retardant (B)
(a)-7 3 1.8
(b)-1 3
(a)-1 1.2 1.2 1.2 1.2
Heat stabilizer (C) 0.2 0.2 0.2 0.2 0.2
Flameretardancy enhancer (E)
Blowing agent (F) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Nucleus agent 1 1 1 1 1 1 1 1 1
Shaping property Good Good Good Good Good Good Good Good Good
Flame retardancy No No No No Yes No No No No
% Decrease in Mw 3 3 4 3 20 3 3 3 3

[0044] As shown in Tables 1 and 3, the foams of Examples 1-13 produced by the extrusion process are excellent in
the shaping property, flame retardancy and heat stability. In contrast, the foams of Comparative Examples 1-5 and 10-14
comprising only one bromine-containing organic compound are not satisfactory at least one of the shaping property,
flame retardancy and heat stability as shown in Tables 2 and 4. The foams of Comparative Examples 6-9 and 15-18
comprising two bromine-containing organic compounds free from 2,3-dibromo-2-alkylpropyl group are also not satisfac-
tory at least one of the shaping property, flame retardancy and heat stability as shown in Tables 2 and 4.

Table 5
Material(pbw) Example 14 Comp.Ex. 19 Comp.Ex 20
Resin A2 100 100 100
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(continued)

Material(pbw) Example 14 Comp.Ex. 19 Comp.Ex 20
Flame retardant (a)-1 0.7 1.5

(B) (b)-1 0.8 1.5
Blowing agent(F) 1 1 1
Additive DOA 1 1 1
Shaping property Good Good Not Good
Flame retardancy Yes No Yes
Recycling property Yes Yes No

[0045] As shown in Table 5, the foam of Example 14 produced by the beads process as excellent in all of the shaping
property, flame retardancy and recycling property. In contrast, the product of Comparative Examples 19 and 20 comprising
only one of flame retardant (a) or (b) is not satisfactory in at least one of shaping, flame retardant and recycling properties.

INDUSTRIAL APPLICABILITY

[0046] According tothe presentinvention, itis possible to produce afoamable styrene-based resin composition having
enhanced flame retardancy and heat stability yet allowing recycling comprising a small amount of a bromine-containing
flame retardant. Therefore, the composition may be used in a wide variety of applications including heat insulation
materials for household electrical appliance and for buildings and houses, and materials for earth piling in the civil
engineering field.

Claims

1. A flame-retarded foamable styrene-based resin composition consisting of
a styrene based resin,
a bromine-containing flame retardant,
a blowing agent,
optionally a heat stabilizer selected from the group consisting of phosphite heat stabilizers, thioether heat stabilizers
and hindered phenol heat stabilizers
optionally a nucleus agent,
optionally a flame-retardancy enhancer, selected from the group consisting of free radical generators and phthalo-
cyanine metal complexes,
optionally an auxiliary flame retardant, selected from the group consisting of antimony trioxide, antimony pentoxide,
zinc borate, hydrated alumina, and molybdenum oxide, and
optionally known additives, selected from light stabilizers, UV absorbing agents, UV stabilizing agents, heavy metal
sequestering agents, impact strength enhancing agents, coloring agents, lubricants, drip retardants, antistatic agents
and co-solubilizing agents,
wherein said bromine-containing flame-retardant is a mixture of

(a) an organic bromine-containing compound having a 2,3-dibromo-propyl group or an organic bromine-con-
taining compound having a bromine content of greater than 60 wt% in which all bromine atoms are attached to
a benzene ring, and

(b) an organic bromine-containing compound having a 2,3-dibromo-2-alkylpropyl group,

wherein said composition comprises said mixture in an amount from 0.5 to 10 parts by weight per 100 parts by
weight of said styrene-based resin, and

wherein the ratio of said organic bromine-containing compound (a) to said organic bromine-containing compound
(b) in said mixture is from 90:10 to 10:90 on weight basis.

2. The composition according to claim 1 wherein said organic bromine containing compound having a bromine content
of greater than 60 wt% in which all bromine atoms are attached to a benzene ring is selected from the group consisting
of tetrabromobisphenol A, hexabromobenzene, pentabromotoluene, polybromodiphenyl ether, polybromodiphenyl
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ethane, bis(polybromophenoxy)-ethane, tris(polybromophenoxy)triazine, polybromophenyl-indane, poly(pentabro-
mobenzyl)acrylate, and ethylenebis(tetrabromophthalimide).

3. The composition according to claim 1 wherein said organic bromine-containing compound having a 2,3-dibromo-
propyl group is selected from the group consisting of tetrabromo-bisphenol A-bis(2,3-dibromopropyl ether), tetrab-
romobisphenol S-bis(2,3-dibromopropyl ether), tetrabromobisphenol F-bis(2,3-dibromopropyl ether), tris(2,3-di-
bromopropyl)isocyanurate, and tris(2,3-dibromo-propyl)cyanurate.

4. The composition according to claim 1 wherein said organic bromine-containing compound having a 2,3-dibromo-2-
alkylpropyl group is selected from the group consisting of tetrabromobisphenol A-bis(2,3-dibromo-2-methylpropyl
ether), tetrabromobisphenol S-bis(2,3-dibromo-2-methylpropyl ether), and tetrabromobisphenol F-bis(2,3-dibromo-
2-methylpropyl ether).

5. The composition according to claim 1 comprising 0.01 to 0.5 parts by weight per 100 parts by weight of said styrene-
based resin of the heat stabilizer.

6. The composition according to one of claims 1-4, wherein the nucleus agent is selected from the group consisting
of talc, bentonite, kaolin, mica, silica, clay and diatomaceous earth.

7. The composition according to claim 6 comprising 0.01 to 20 parts by weight per 100 parts by weight of said styrene-
based resin of the nucleus agent.

8. Ashaped plastic foam article obtained from the composition according to one of claims 1-7 by the process comprising
the steps of melting the composition in an extruder machine, introducing a blowing agent under pressure into the
molten composition, and extruding the molten composition to the atmosphere.

9. A shaped plastic foam article obtained by the process comprising the steps of heating the composition according
toone of claims 1-7 in the form of beads with steam to allow pre-foaming, and then heating the pre-foamed composition
in a mold for fully expanding.

Patentanspriiche

1. Flammfeste schaumbare Styrolharzzusammensetzung, bestehend aus
einem Styrolharz,
einem bromhaltigen Flammschutzmittel,
einem Treibmittel,
gegebenenfalls einem Hitzestabilisator, ausgewahlt unter Phosphit-Hitzestabilisatoren, Thioether-Hitzestabilisato-
ren und gehindertes-Phenol-Hitzestabilisatoren,
gegebenenfalls einem Nukleierungsmittel,
gegebenenfalls einem Flammschutz-Enhancer, ausgewahlt unter Generatoren freier Radikale und Phthalocyanin-
Metallkomplexen, gegebenenfalls einem zusatzlichen Flammschutzmittel, ausgewahlt unter Antimontrioxid, Anti-
monpentoxid, Zinkborat, Aluminiumoxidhydrat und Molybdanoxid, und
gegebenenfalls bekannten Additiven, ausgewéahlt unter Lichtstabilisatoren, UV-Absorptionsmitteln, UV-Stabilisie-
rungsmitteln, Schwermetallmaskierungsmitteln, die Schlagfestigkeit verbessernden Mitteln, Farbemitteln, Gleitmit-
teln, Tropfschutzmitteln, antistatischen Mitteln und Co-Solubilisierungsmitteln,
worin das bromhaltige Flammschutzmittel ein Gemisch aus

(a) einerorganischen bromhaltigen Verbindung mit einer 2,3-Dibrompropylgruppe oder einer organischen brom-
haltigen Verbindung mit einem Bromgehalt von mehr als 60 Gew.-%, in welcher alle Bromatome an einen
Benzolring gebunden sind, und

(b) einer organischen bromhaltigen Verbindung mit einer 2,3-Dibrom-2-alkylpropylgruppe ist,

worin die Zusammensetzung das Gemisch in einer Menge von 0,5 bis 10 Gewichtsteilen pro 100 Gewichtsteilen
des Styrolharzes enthalt, und

worin das Verhaltnis der organischen bromhaltigen Verbindung (a) zu der organischen bromhaltigen Verbindung
(b) in dem Gemisch im Bereich von 90:10 bis 10:90 auf Gewichtsbasis ist.

10
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2. Zusammensetzung gemal Anspruch 1, worin die organische bromhaltige Verbindung mit einem Bromgehalt von
mehr als 60 Gew.-%, in welcher alle Bromatome an einen Benzolring gebunden sind, unter Tetrabrombisphenol A,
Hexabrombenzol, Pentabromtoluol, Polybromdiphenylether, Polybromdiphenylethan, Bis(polybromphenoxy)ethan,
Tris(polybromphenoxy)triazin, Polybromphenylindan, Poly(pentabrombenzyl)acrylat und Ethylenbis(tetrabromph-
thalimid) ausgewabhlt ist.

3. Zusammensetzung gemaR Anspruch 1, worin die organische bromhaltige Verbindung mit einer 2,3-Dibrompropyl-
gruppe unter Tetrabrombisphenol-A-bis(2,3-dibrompropylether), Tetrabrombisphenol-S-bis(2,3-dibrompropyle-
ther), Tetrabrombisphenol-F-bis(2,3-dibrompropylether), Tris(2,3-dibrompropyl)isocyanurat und Tris(2,3-dibrom-
propyl)cyanurat ausgewahlt ist.

4., Zusammensetzung gemal Anspruch 1, worin die organische bromhaltige Verbindung mit einer 2,3-Dibrom-2-alky|-
propylgruppe unter Tetrabrombisphenol-A-bis(2,3-dibrom-2-methylpropylether), Tetrabrombisphenol-S-bis(2,3-di-
brom-2-methylpropylether) und Tetrabrombisphenol-F-bis(2,3-dibrom-2-methylpropylether) ausgewahilt ist.

5. Zusammensetzung gemanr Anspruch 1, umfassend 0,01 bis 0,5 Gewichtsteile des Hitzestabilisators pro 100 Ge-
wichtsteilen des Styrolharzes.

6. Zusammensetzung gemal einem der Anspriiche 1-4, worin das Nukleierungsmittel unter Talk, Bentonit, Kaolin,
Glimmer, Siliciumdioxid, Ton und Diatomeenerde ausgewahlt ist.

7. Zusammensetzung gemal Anspruch 6, umfassend 0,01 bis 20 Gewichtsteile Nukleierungsmittel pro 100 Gewichts-
teilen des Styrolharzes.

8. Formteil aus Kunststoffschaum, erhalten aus der Zusammensetzung gemanR einem der Anspriiche 1-7 durch ein
Verfahren, welches die Schritte des Schmelzens der Zusammensetzung in einem Extruder, Einfiihren eines Treib-
mittels indie geschmolzene Zusammensetzung unter Druck und Extrudieren der geschmolzenen Zusammensetzung
in die Atmosphare umfasst.

9. Formteil aus Kunststoffschaum, erhalten durch ein Verfahren, umfassend die Schritte des Aufheizens der Zusam-
mensetzung gemaRr einem der Anspriiche 1-7 in Form von Kigelchen mit Dampf, um ein Vorschaumen zu ermég-
lichen, und des anschlieRenden Aufheizens der vorgeschdumten Zusammensetzung in einer Form zur vollstandigen
Expansion.

Revendications

1. Composition de résine a base de styréne expansible ignifugée constituée par
une résine a base de styréne,
un ignifugeant contenant du brome,
un agent d’expansion,
éventuellement un stabilisant thermique choisi dans le groupe constitué par les stabilisants thermiques a base de
phosphite, les stabilisants thermiques a base de thioéther et les stabilisants thermiques a base de phénol stérique-
ment encombré,
éventuellement un agent de nucléation,
éventuellement un agent améliorant le caractére ignifuge, choisi dans le groupe constitué par les générateurs de
radicaux libres et les complexes phtalocyanine-métal,
éventuellement un ignifugeant auxiliaire, choisi dans le groupe constitué par le trioxyde d’antimoine, le pentoxyde
d’antimoine, le borate de zinc, 'alumine hydratée et 'oxyde de molybdéne, et
éventuellement des additifs connus, choisis parmi les photostabilisants, les absorbeurs d’'UV, les stabilisants anti-
UV, les agents de séquestration des métaux lourds, les agents améliorant la résistance aux chocs, les colorants,
les lubrifiants, les retardateurs d’égouttement, les agents antistatiques et les agents de co-solubilisation,
ledit ignifugeant contenant du brome étant un mélange de

(a) un composé organique contenant du brome ayant un groupe 2,3-dibromopropyle ou un composé organique
contenant du brome ayant une teneur en brome supérieure a 60 % en poids dans lequel tous les atomes de
brome sont attachés a un cycle benzéne, et

(b) un composé organique contenant du brome ayant un groupe 2,3-dibromo-2-alkylpropyle,
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ladite composition comprenant ledit mélange dans une quantité de 0,5 a 10 parties en poids pour 100 parties en
poids de ladite résine a base de styréne, et

le rapport entre ledit composé organique contenant du brome (a) et ledit composé organique contenant du brome
(b) dans ledit mélange étant de 90:10 a 10:90 sur une base pondérale.

Composition selon la revendication 1 dans laquelle ledit composé organique contenant du brome ayant une teneur
en brome supérieure a 60 % en poids dans lequel tous les atomes de brome sont attachés a un cycle benzéne est
choisi dans le groupe constitué par le tétrabromobisphénol A, 'hexabromobenzéne, le pentabromotoluéne, I'éther
polybromodiphénylique, le polybromodiphényléthane, le bis(polybromophénoxy)éthane, la tris(polybromophé-
noxy)-triazine, le polybromophénylindane, I'acrylate de poly(pentabromobenzyle), et le bis (tétrabromophtalimide)
d’éthyléne.

Composition selon la revendication 1 dans laquelle ledit composé organique contenant du brome ayant un groupe
2,3-dibromopropyle est choisi dans le groupe constitué par le bis(éther 2,3-dibromopropylique) de tétrabromobis-
phénol A, le bis(éther 2,3-dibromo-propylique) de tétrabromobisphénol S, le bis(éther 2,3-dibromopropylique) de
tétrabromobisphénol F, I'isocyanurate de tris(2,3-dibromopropyle), et le cyanurate de tris(2,3-dibromopropyle).

Composition selon la revendication 1 dans laquelle ledit composé organique contenant du brome ayant un groupe
2,3-dibromo-2-alkylpropyle est choisi dans le groupe constitué par le bis(éther 2,3-dibromo-2-méthyl-propylique)
de tétrabromobisphénol A, le bis(éther 2,3-dibromo-2-méthylpropylique) de tétrabromobisphénol S, et le bis(éther
2,3-dibromo-2-méthylpropylique) de tétrabromobisphénol F.

Composition selon la revendication 1 comprenant 0,01 a 0,5 partie en poids, pour 100 parties en poids de ladite
résine a base de styréne, du stabilisant thermique.

Composition selon une des revendications 1 a 4, dans laquelle 'agent de nucléation est choisi dans le groupe
constitué par le talc, la bentonite, le kaolin, le mica, la silice, 'argile et la terre de diatomées.

Composition selon la revendication 6 comprenant 0,01 a 20 parties en poids, pour 100 parties en poids de ladite
résine a base de styréne, de 'agent de nucléation.

Article fagonné en mousse plastique obtenu a partir de la composition selon une des revendications 1 a 7 par le
procédé comprenant les étapes de fusion de la composition dans une machine d’extrusion, introduction d’'un agent
d’expansion sous pression dans la composition fondue, et extrusion de la composition fondue dans I'atmosphére.

Article fagonné en mousse plastique obtenu par le procédé comprenant les étapes de chauffage de la composition

selon une des revendications 1 a7 sous laforme de billes avec de la vapeur d’eau pour permettre une pré-expansion,
puis chauffage de la composition pré-expansée dans un moule pour une expansion compléte.
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