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-1 DESCRIPTION COPOLYMER, GRAFT COPOLYMER, GRAFT
COPOLYMER PARTICLES, FLAME RETARDANT, AND RESIN
COMPOSITION 5 TECHNICAL FIELD The present invention relates to a
new copolymer. Specifically, the present invention relates to a copolymer
comprising a polymer (A) segment having a glass transition temperature
of not more 10 than -10C, and a polymer (C) segment having at least a
unit derived from a monomer (M&%%‘? or more of aromatic rings
and one or more radical reactive groups in one molecule. The present
invention further relates to a flame retardant comprising the copolymer.
The present invention also relates to a resin composition including the 15
CORGYM BRCEBREDNDARIYWHERY (Hed B O2ROIY MERMMRDICLES,

and finely dispersing a polymer having a low glass transition temperature
i a shape df bADBFRETA RDAN AR REREL GRME LR E:
thermoplastic resin, a thermosetting resin, or an elastomer, in order to
improve its mechanical properties, such as impact resistance and tensile

properties. As examples of thgpelytprF aRokaEgaHosiloxanes, polyalkyl
(meth)acrylates (having a low glass transition temperature), 25

polybutadienghetcppayghe nantanash Bleadingsespecially aktle copolymer.
polyorganosiloxane to the matrix resin may develop various effects

Spclodicglivpridve peesémiomvemperatuetatharcteristigoty i@me@nprising a
polymer (A) segment having a glass transition temperature of not more
than ~-10°C, and a polymer (C} segment having at least a unit derived
from a monomer (B} which has two or more of aromatic rings and one
or more radical reactive groups in one molecule. The present
invention further relates to a flame retardant comprising the copolymer.

The present invention also relates to a resin composition including the

copolymer.

BACKGROUND ART

Widely used are methods for blending and ﬁneljr dispersing
a polymer having a low glass transition temperature in a shape of a
particle in a resin constituting a matrix, such as a thermoplastic resin,
a thermosetting resin, or an elastomer, in order to improve its
mechanical properties, such as impact resistance and tensile
properties. As examples of the polymer, polyorganosiloxanes,
polyalkyl (meth)acrylatesl (having a low glass transition temperature),
polybutadienes, etc. may be mentioned. Blending especially of the
polyorganosiloxane to the matrix resin may develop various effects

including improvement in low-temperature characteristics or flame
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retardancy by utilizing the physical characteristics, such as outstanding
low-temperature characteristics, and unique reactivity of a
polyorganosiloxane component. However, since such polymers having a
low glass 5 transition temperature, especially polyorganosiloxanes, have
poor compatibility with generally know® resin components, and the
polyorganosiloxane cannot fully develop fine dispersion or homogeneity
B&AA0E0 24ige NAGODY N0 BEIdRd P UIRREIILTE sy as
matrix resin, there may easily occur problems, such as deterioration o
ARREAANGEr 3OF-HeEHPRTE I FRRINARILALSIONSY) aalPethRyue reactivity of a
delamination. Therefore, many investigations for overcoming the
rblieganbaviokees tEaedaeaxample, wherein a resin component
having compatibility with the matrix resin is chemically combined with the
polyorganosildRaFY8Bmpoidkint toSlaph a BRGKRReTbIyMarsis glaftlesw  glass

e e
cg)gﬁngatagm 'vmplegefr%ﬂf disprrsionatthe p@&ﬂn@ﬁﬁeﬁﬂ@%a the

ponent in the matriX resin. A method Is publicly know erein’since

B8 g RAleIERReSI @Re OMPENaByBRSPaRreasiviswithatiybmogeneity
monomers forming the resin component, a graft copolymer is efficiently
iforanedhagied apotjorgartesiedhriy nedifigdhvdthdednisnfistmeliedd with the
graft-linking agent having radical polymerization reactivity. However, left
TRBHE TS B BroBIsHE tHARIh SFsH B AR Mo RR R IS pBlAkbAS Aeitosianasion of
the resin components are necessarily grafted to the, polyorgangsiloxane

a rafted Yenah

a@o?ﬁggﬁgr?t?’an&i Iél“%)ar 5f ﬁ'?ea_r‘rsleexils?s in‘a sesgrlact%ld sta in CAS® 8?1 by
FelargeRAseRNA0eRfdAGSESIN many investigations for overcoming the

problems have been made, for example, wherein a resin component

=]

having compatibility with the matrix resin is chemically combined with
the polyorganosiloxane component to form a block copolymer or a graft
copolymer. Especially a graft copolymer having the above mentioned
resin component grafted to a polyorganosiloxane component
advantageously enables control of dispersion of the polyorganosiloxane
component in the matrix resin.

A method 1s publicly known wherein since the
polyorganosiloxane component has poor reactivity with vinyl
monomers forming the resin component, a graft copolymer is efficiently
formed using a polyorganosiloxane modified with a unit of so-called
graft-linking agent having radical polymerization reactivity., However,
left behind is a problem that in generally known graft copolymers, not
all of the resin components are necessarily grafted to the
polyorganosiloxane component, and a part of them exists in a

separated state, and in case of a large percentage of the resin
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3 component in the separated state, for example, the polyorganosiloxane
component agglomerates in the shaped article to deteriorate dispersion,
failing to allow development of sufficient physical properties. In order to
overcome such a problem, for example, Patent 5 document 1 discloses a
method wherein a silane unit including 3methacryloyloxy-group having
high reactivity with a vinyl monomer for forming the resin component is

c%‘?lr‘gﬁb‘?‘gamqﬂ‘ﬁ%’é”% Qme'dE &rafspa gﬁd E%Ehr% FporEihosiloxane

polyorganositoxane component, thereby obtaining a gra

eRRpyiEs hayFlbmbigharat kb efipiapen breider io Hepeevusraieidispersion,
efficiency with broad options, and without limitation to specific graft- I|nk|ng

fagengsidonbemnsts e Rayemt rdoslimeiftcdatisqivesiead rpfogppaigmer

obtained by polymerizing a monomer composed of a palyfunctional
monomer repfe<Uittel By SfFr Rty ite anRcEBmiInexaaMg, Patent

é“}%tﬁ%%‘%‘l’ o p'é RO S N o HEE the AL The G ctuding
rﬁQEﬂ!ﬁ’ %Mﬁﬁw Bg%ﬁ%&mo&%ﬂoé' ®monomer for

partlcles more polyorganosiloxane particles can’be introduced into a

foratiix gesinee veriwittoargiaalbam dunisefadiybimanemeasavRile SEGWi#itbmer is
dispersibility, 20 and therefore a resin composition obtained by blending

grefgdiyeopoipatkr it tHérenoptastidtaesins, meptifietly polybarbgmatesiloxane

based resins, satlsfactonl develops not only impact resistance but also
RAHROTE R Fel aRSF bériningeRingsRN R Ninse Saaadntbigderaraft

fulfill high rmaélfet emand nowada ulrln development, of 25
tf%l.g%er ﬁgme%retar anc(ijyoel\?e1 {r?‘é%%ag ﬁqF a%mg asméjl‘?é} r%8§1§"’ , and

without limitation to specific graft-linking agents, for example, Patent

document 2 discloses a graft copolymer obtained by polymerizing a
monomer composed of a polyfunctional monomer represented by allyl
methacrylate as main components, and furthermore polymerizing a
viny] monomer under existence of particles of (modified)
polyorganosiloxane. It also shows that since this graft copolymer has
a high efficiency of grafting to polyorganosiloxane particles, more
polyorganosiloxane particles can be introduced into a matrix resin even
with a small amount of vinyl monomer while securing dispersibility,
and therefore a resin composition obtained by blending the graft
copolymer into thermoplastic resins, especially polycarbonate based
resins, satisfactorily develops not only impact resistance but also flame
retardancy. However, further improvement will be expected in order
to fulfill higher market demand nowadays requiring development of
higher flame retardancy even in shaped articles having a small
thickness.

Patent document 1: JP 60-252613 A
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Patent document 1: JP 60-252613 A 4 - Patent document 2: JP
2003-238639 A DISCLOSURE OF THE INVENTION 5 PROBLEMS TO
BE SOLVED BY THE INVENTION The present invention firstly aims at
providing a new copolymer. An object of the present invention is to
provide a copolymer that can be blendaed with resins such as
thermoplastic resins, as a non-halogen or non-phosphorus flame

etardant. Another 10 qbjec fth‘?e resent invention is to provide a resin
@Fﬁ%&?&‘ﬁ'ﬂ&?ﬁﬁg&o tgr(tr}(ﬁﬁg %%ég’r%térdancy and impact resistance
using the copolymer. MEANS FOR SOLVING THE PROBLEMS 15 As a

result of intensive investigation carried out for solving the

above-mentioned prphleoisds e EFeMHBYeNPENTay found out that
a specific copolymer has excellent effect in improving flame retardancy

and impact resistance, and blending of the copolymer to resins, such as
thermoplastic resins, can provide a resin composition 20 excellent in flame

retardancy arRGEpaeMEseiRE REAHVEE B mhBIE bN VENE Kpdkent
invention. That is, the present invention provides a copolymer comprisin

2 poymor (A SRR RRng T G W, GHPerAr@FOTRE & new
B rHICy and g.polymer(Ch.segment having, 23,0 leasha Ualt derivedviq.
from & monomer (B) with two or more of aromatic rings and with one or
copusiyasicalteactivagrapsileade dneledule-£elaign dhéh as thermoplastic
resins, as a non-halogen or non-phosphorus flame retardant. Another

object of the present invention is to provide a resin composition having

outstanding flame retardancy and impact resistance using the

copolymer.

MEANS FOR SOLVING THE PROBLEMS

As a result of intensive investigation carried out for solving
the above-mentioned problems by the present inventors, it was found
out that a specific copolymer has excellent effect in improving flame
retardancy and impact resistance, and blending of the copolymer to
resins, such as thermoplastic resins, can provide a resin composition
excellent in flame retardancy and impact resistance, leading to
completion of the present invention.

That is, the present invention provides a copolymer
comprising a polymer (A) segment having a glass transition
temperature not more than -10°C, and a polymer (C) segment having
at least a unit derived from a monomer (B) with two or more of
aromatic rings and with one or more radical reactive groups in one

molecule (Claim 1).
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Furthermore, the present invention provides a copolymer according to
Claim 1, wherein the copolymer is a graft copolymer obtained by
polymerizing in one or more steps with a monomer including the
monomer (B) having two or more aromatic rings and one 5 or more radical
reactive groups in one molecule in the gresence of the polymer (A)
having a glass transition temperature not more than -10C (Claim 2). The

present inventi rovi a olymer according to Claim 1 or 2,

wherein the ﬁ%?n%%ﬁ%\ﬁ%% ég%%??;né %%%ﬁlg?erﬁﬁg‘r’é{ﬁ% Aot opolymer
Ao $1ag -10CasApClorannesiaxang D dG1iPima) The presgpt copolymer
invention provides a copolymer according to any one of Claims 1 to 3,
siftereindhdmopoinendByhas tivo armorer radiost reawlive groLPs Pefmonomer
molecule (Claim 4). 15 The present invention provides a copolymer

IRABRG e oneBre iihdatng Wierehmhermenomert{B)iagsaand one
least two C%gmaltic ringg being not in a condensed relatjonship and being
&8

el dgéthier Bf ¥hePredBrifindisidn providesgncee of the
senamengasauii oA ek aneieleims

to 5, wherein the .
monomer (B) Is an atic vinyl compoun ég%’l%.e Cé%pﬁle%ignfhan -10°C

(ioventiop) provides a graft copolymer according to any one of Claims 1 to
6, wherein the copolymer is a graft copolymer obtained by further
polymerizing ‘&hethylescellynuwsativatepr @6 dwanemes (o) yirere KidBedeng to
steps (Claim 7). The present invention provides copolymer particles
H8Rdidg & ary oMBIEFERINGE S tBiYTISin @) having a glass transition

temperature not more than -10°C is a polyorganosiloxane (D} (Claim
3).

The present invention provides a copolymer according to
any one of Claims 1 to 3, wherein the monomer (B) has two or more
radical reactive groups per molecule (Claim 4).

The present invgntion provides a copolymer according to
any one of Claims 1 to 4, wherein the monomer (B) has at least two
aromatic rings being not in a condensed relationship and being directly
bonded together {Claim 5).

The present invention provides a copolymer according to
any one of Claims 1 to 5, wherein the monomer (B) is an aromatic vinyl
compound (Claim 6).

The present invention provideé a graft copolymer according
to any one of Claims 1 to 6, wherein the copolymer is a graft copolymer
obtained by further polymerizing an ethylenically unsaturated
monomer (E) in one or more steps {Claim 7).

The present invention provides copolymer particles

according to any one of Claims 1 to 7 (Claim 8).



.10

15

20

25

6 The present invention provides a flame retardant comprising the
copolymer or the copolymer particles according to any one of Claims 1 to
8 (Claim 9). The present invention provides a resin composition 5
comprising the flame retardant according to Claim 9 (Claim 10). EFFECT
OF THE INVENTION A new copolymeifof-the present invention may be
used as a non-halogen and non-phosphorus flame retardant having effect

of 10 improviqgim resistance. Blending of the copolymeyof the 4ot

present invention with t ermoplastic resins, ermosetting resins, and

Shy @lte MOPIKAYIER aragie Ositien hawhe Rd!saRditing to any

flame retardancy and impact resistance. 15 BEST MODE FOR
oQARRINGIEUT teHE(MN®BNBION Although description of preferable
embodiments of the present invention will, hereinafter, be given, the -
present inverkid® isPHEtGRTiteHBCRE S 0FEVdESEripBont #SHbpdtpmmesition

of the present invention comprises a polymer 20 %eg havi
TR P A B A Th AR b0 IR p ) O

segment having at least a unit derived from monomer (B) which has two

or more aromatic rings and with one or more radical reactive groups in

one molecule. In order Erdavenm fame reisrdaneyand impact resistance
of a finally obtained shaped 25 article, a copolymer of the present

invention is plefezabopalvidfitccopbkimepuinaime divepoigpmerizandm wsed as a
or more steps a monomer including the monomer (B) having two or more
nNG8rAlO8RYs 8Rd om@n-phosphorus flame retardant having effect of
improving impact resistance. Blending of the copolymer of the present
invention with thermoplastic resins, thermosetting resins, and

clastomers, etc. may provide a resin composition having outstanding

flame retardancy and impact resistance.

BEST MCDE FOR CARRYING OUT THE INVENTION

Although description of preferable embodiments of the
present invention will, hereinafter, be given, the present invention is
not limited to the following description.

A copolymer of the present invention comprises a polymer
(A} segment having a glass transition temperature not more than -10°C,
and a polymer (C} segment having at least a unit derived from
monomer (B) which has two or more aromatic rings and with one or
more radical reactive groups in one molecule. In order to develop
flame retardancy and impact resistance of a finally obtained shaped
article, a copolymer of the present invention is preferably a graft

copolymer obtained by polymerizing in one or more steps a monomer

including the monomer (B} having two or more aromatic rings and one
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or more radical reactive groups in one molecule, under existence of the
polymer (A) having a glass transition temperature not more than -10C.
The copolymer of the present invention is more preferably a graft
copolymer obtained by further polymerizing in one or more steps an 5
ethylenically unsaturated monomer (E) forthe same reason. When the
copolymer of the present invention is a graft copolymer, it preferably has

a particulat%{orm andt{'t IS more Ereferablem%qt notllimite . that .thte

Boljiner (A IS distiBtetiside Rhe parficle and thattie polymiar tormaa ol the

pErthe mOnemah peludings18-monemer (BhaRd duibermarentire than -10°C.,
necessary, the polymer formed from the ethylenically unsaturated
Thenaropoliaksmdistittiedmeside: theparticie, The polymeasr@prsbtyina graft
the present invention may be linear or branched, and also may be a

e pedyimikcsdderabtrmdnhdustherciraticanyisiphyisicamecrissiipkedtaps an
ss transjtion temperature of the polymer (A) used in the present

SR TEI L SO A RO o) e T SRFRBIFER Hore than

“60C, and stikyare Ry e?é)@é%%‘gr%ft%% '#}%Se&!aﬁ%&é%’%%t%?”s a graft

1
temperatures more than - reduce effect Improving impact

depistancer The ghassdransition dempergiigdiseddn epreseAlinyYentioNmare
represents a glass transition temperature reported in the 4th edition of
PRdiynadyrl¢iabdibaokt [ohiltsidedtined9 Ahby Py R iSodis tirilcasedoinside
copolymers, monomeric units accounting for a weight fraction of the

fhsyRRdT T AoRS!IE88 thlrsrRlEreREKS MRSl dEestrith ari enoghass including
e PSS RS e e oD 0l o
tHeCMS enically unsaturated monomer (E) is distributed outside the
particle.

The polymer (A) used in the present invention may be
linear or branched, and also may be a cross-linked compound that is
chemically or physically cross-linked.

A glass transition temperature of the polymer {A) used in
the present invention is preferably not more than -35°C, more
preferably not more than -60°C, and still more preferably not more
than -100°C. Glass transition temperatures more than -10°C may
reduce effect improving impact resistance. The glass transition
temperature used in the present invention represents a glass transition
temperature reported in the 4th edition of “Polymer Handbook”
published in 1999 by John Wiley & Sons. In case of copolymers,
monomeric units éccounting for a weight fraction of the polymer of not
less than 5 % are taken into account, and the glass transition
temperature of a copolymer is calculated, using equation of Fox, from

glass transition temperatures of homopolymers of each monomer
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8 component, and the weight fraction. Although the polymers having a
glass transition temperature not more than -10C are not limited, examples
of the polymer include: homopolymers or copolymers of alkyl acrylates,
such 5 as ethyl acrylate, butyl acrylate, 4-hydroxybutyl acrylate, n-octyl
acrylate, and 2-ethylhexyl acrylate; dienge rubbers, such as poly
butadienes, poly(styrene-butadiene) copolymers, and

oly(norbornene-putadieng), copolymers; and polyorganosiloxanes (D),
gﬁ%&?ﬁ8®oﬂﬂ gil‘éf%#é‘é, f)%{ﬂﬂ&hylphenylsiloxanes, 10

poly(dimethylgiﬂa{ga%qip_hﬁ{ylsi % eggpolg,@@{%?a”% Oglas. transition

polydimethylsiloxane™having hydfogén atoms directly’bonded’to silicon

Rieipeestufeoiqet tenaive ftme reterdancysdahtimaiviedoxaisples of the
polymethylphenylsiloxanes, and 15

polytdendthylsidsahedippaliytsitoxane) cupolymens avé alkidralbteyiamengsuch
them, and polydimethylsiloxanes are most preferable due to economically

Ehsf V2B A Pe NPy I ARPIPAERY I HoREABEBFbUty] acrylate, n-octyl
oly(dimethylsilpxage-diphenylsiloxane) copolymegrs are used, 20

%\f\%ﬁg}ﬁperéfﬁr{g ch%_rgc éagl%%ay%ﬁ%{ 3 irrr%%‘?]%d, 5’&%’ &n g Such  as
pelastive dndex of a conolyiperafihe reseptdnyention isseidlgseloa o4
‘reffactive index of the ml:';ltrgia resin with use of the’ monomgs’r?% I%Sr?afdr the &°
ethylenicblyrnsatiratad imoppep iy ate e nade hiies-# rkoampiRaties (D),
with those siloxane copolymers, transparency may be 25 given to the
susih compssition pblsitiedethyleiérresatisfactomiylideedloplpheast! siloxanes,
refist nce and flame retardancy, the
poly(dimethylsiloxane-diphenylsiloxane) copolymers, and
polydimethylsiloxane having hydrogen atoms directly bonded to silicon
atoim, etc.

In order to give flame retardancy, polydimethylsiloxanes,
polymethylphenylsiloxanes, and

poly(dimethylsiloxane-diphenylsiloxane) copolymers are preferable

“among them, and polydimethylsiloxanes are most preferable due to

economically easy availability.

When polymethylphenylsiloxanes or
poly(dimethylsiloxane-diphenylsiloxane) copolymers are used,
low-temperature characteristic may further be improved, and when a
refractive index of a copolymer of the present invention is set close to a
refractive index of the matrix resin with use of the monomer (B) and/or
the ethylenically unsaturated monomer (E) as mentioned later, in
combination with those siloxane copolymers, transparency may be
given to the resin composition obtained. In order to satisfactorily
develop  impact resistance and flame retardancy, the

polyorganosiloxane {D) has preferably a graft linking group, and more
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polyorganosiloxane (D) has preferably a graft linking group, and more 9

preferably it has at least plural graft linking groups in a side chain and/or

a chain terminal, especially in a side chain, per molecule. Methods for

obtaining the polyorganosiloxanes (D) are not particularly limited, and a

solution polymerization method, a 5.sugpension polymerization method,

an emulsion polymerization method, etc. may be used. Preferable is a
hod Wh(—:-_re(i_:ﬁﬁ(iyclic, linear, or branched organosiloxanes having a

D1k

% eRlgriy 1sAsheRIHE BlNGY BFndEHdRE AR DDA, & side chain
G MR e s G e D i

St ore preteranly no mare are polymer usl

catalyst of anpgigh GsaftlioBa gl th N 1B18,6888n06G Gxanes (D) are not

organosiloxanes are preferable. More preferable examples include: a
paethodlatigreilimsilEtts havihg a grafiliintking gy andfeancistic, knettod, a
or branched organosiloxanes with a graft linking group, having a similar
SHSBRRSIPA erRGERSTEEaHP W eighE thiod areaise ¢ Togdsienwithahenerization

organosiloxane in the above mentiogned method; a method wherein .

I&%ﬁ’@ﬁhaﬁﬁg LA PRKIAE ou;ljg 5?1@/5?% IS [Rede ‘B?Qﬁ%ﬁ&&em cyclic,

rganodioganesnith iali g doy d@géﬂﬁﬂggt@%ﬂ'
a

¥ We Léaéyv ?Ingé malecular
average moi'ecuTar welg MW5 are used withoGt the o I’]OSII%X&‘?]E in 20

Wheghopd wiestierrchiveihedaalsroaonethpdaiersiy pistersdiv ifdin 10,000,
solution, a slurry, or an emulsion, polyorganosiloxanes having a weight
ravevage thotediarmveigotdvihafimdd, 866 thatilP (001 preééeahlylnohot more
less than 50,000, still more preferably not less than 100,000, silanes

thareraph? Hadity BYVARGREASY BRI0DE dhdetalysic afnasr anids srardkedi, an
R R BRI 2 A R S B S I e,

More preferable examples include: a method wherein
silanes having a graft linking group and/or cyclic, linear, or branched
organosiloxanes with a graft linking group, having a similar weight
average molecular weight (Mw) are used together with the
organosiloxane in the above mentioned method; a method wherein
silanes having a graft linking group and/or cyclic, linear, or branched
organosiloxanes with a graft linking group, having the similar weight
average molecular weight (Mw) are used without the organosiloxane in
the above mentioned method; also a method wherein preferably in a
solution, a slurry, or an emulsion, polyorganosiloxanes having a weight
average molecular weight (Mw) of not less than 20,000, preferably not
less than 50,000, still more preferably not less than 100,000, silanes
preferably having a graft-linking group and/or cyclic, linear, or
branched organosiloxanes having a graft linking group are equilibrated
under existence of the same catalyst mentioned above, etc.; and also a

method wherein preferably in a solution, a slurry, or an emulsion,
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under existence of the same catalyst mentioned above, etc.; and also a
method wherein preferably in a solution, a slurry, or an emulsion, 10
polyorganosiloxanes having preferably a weight average molecular
weight (Mw) of not less than 20,000, and also preferably
polyorganosiloxanes having a weight aMerage molecular weight (Mw) of
not less than 20,000 and having a graft linking group are equilibrated 5
der eX|stenfe of the sgme ¢ catal st men! oned aboveh{-:‘tc Since
a

po? s‘ﬁ%rglon DrRELopd Sily %%E%qleglolecular :

e copolymer Finea ?rlx res X nthy BE

A% a [Rew Physicalpronedies efg fnabshapgs arliflg maysbe egsilierably

controlled, the polymer (A) may be manufactufed by an emulsion

;pﬂbymgazmmumﬁw hiaviage0husigh thevtaaglyorgasesilaxaneidh adMw) of
a preferable embodiment, the polymer (A) may be manufactured by the
rephURsson thelpnkEi200 remd they fngratter adb diekiegtiomatp are equilibrated

%anosnoxanes In_ this case, under existence of the obtained emulsion,

WRHSEJHEATRE %ﬂb@ﬁ&%@ﬁﬁﬁﬁﬁﬁ@%Hsm@rec%mwf&mermore if
necessary, t nlcal unsaturated onomer (E)
polymerlzedht?n%g% OftRe MUl S%Er?lepg% eriZation e metpul%%l an emu]lﬁ'sl%lr‘iel
idne palyergancsilonangdD) i QRIped B MOdIYING- NS of 2 final shaped

polyorganosnoxane in an emuision as” mentioned above, or by a method

eoftiokchanically tersibly emtisifitdy the payprgenqsijoxane o) ehiaiitttured

by the solution polymerization 20 method, etc., using a high pressure

b}bw@@erﬁ@é\ﬂlét@rannommﬂy atniisder indmdingskte wonosiag the

and, if negcessar thermore ethylepijcally ups urated monomer (E),

R PR GRG0, TG D6 G MR dhEIGiop mer (A
rﬁ%eﬂg%gﬁufactured by the emulsion polymerization method from the
above-mentioned organosiloxanes. In this case, under existence of the
obtained emulsion, subsequently the monomer including the monomer
(B) and furthermore, if necessary, the ethylenically unsaturated
monomer (E), may be polyme;'ized. Instead of the emulsion
polymerization method, an emulsion of the polyorganosiloxane (D) is
obtained by modifying the polyorganosiloxane in an emulsion as
mentioned above, or by a method of mechanically forcibly emulsifying
the polyorganosiloxane (D) obtained by the solution polymerization
method, etc.,, wusing a high pressure homogenizer, etc. and
subsequently, a monomer including the monomer (B) and, if necessary,
furthermore ethylenically unsaturated monomer (E), may also be
polymerized.

The polyorganosiloxane (D) in an emulsion state may be
obtained by publicly known emulsion polymerization methods
described in detail in JP 2000-226420 A, JP 2000-834392 A, U.S. Pat.
No. 2891920, U.S. Pat. No. 3294725, etc.
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25 obtained by publicly known emulsion polymerization methods
described in detail in JP 2000-226420 A, JP 2000-834392 A, U.S. Pat.
No. 2891920, U.S. Pat. No. 3294725, etc. - 11 The polyorganosiloxane
(D) in an emulsion state may be obtained as follows. Emulsified are a
cyclic siloxane represented by 1,3,5,7iactamethylcyclotetrasiloxane (D4),
and/or a bifunctional silane having a hydrolyzable group, such as
dimethyldimethoxysilane, and, if 5 necessar ,.an alkoxy silape or a

condensatiort ProRUSPERBORNHE*RME & Py?o?ﬁofs o it isudray be
SHagLy et ?J%( eﬁﬁguigiﬁ&f%é”%' slapf @G dWHhe POt dkented by

necessary, a g ing agent suc

NersapigpiaRyMdinethery teeadaiane MBS RPIRIgRY HMS IRIMSHARA, silane
10 methacryloyloxypropyldimethoxymethylsilane,

metnacey|byldryhropplei methgxy silerie, asngidimethddymetindsijasitgne, and, if
vmylphenyldlmethoxymet )iﬁ;sllane and vinylphenyltrimethoxysilane,
nHeEseMY ushg alkeribuias &E. ith riaﬁauars t |§hgwgof with

ase, em |on d dispersion may be echanlc rforme
T T, Bredbu B i r SR oaar, S eBathdis SHF P EBRCB P A and
ly ngtmoe; thap,3,3pd merg ynoupgf@-hr 1
t%}‘fl)cx%. %/J 2P E’:{ﬁg TG, 1 9131*8 6(%%81:6 rLLI‘g

dition of an acid, or alternativel y pHis a it notiess

dhan B, morequeterably nefgless tham8&aaitd props ieierahbkietiessisilane,

than 11 by addition of a base. And the 20 polymerization temperature is

rsetraapdviEspian OCthrefgralinaot less than 30C, more preferably not
less than 50C, still more Ereferably not less than 60C, and not more than

@s@@a%k@}' BT REP TN aspEGHariSHaRErably not more than
n%g r%%ly oxypropyltrimethoxysilane, vinyldimethoxymethylsilane,

vinylphenyldimethoxymethylsilane, and vinylphenyltrimethoxysilane,
preferably using a homogenizer etc. with water and a surfactant. In
this case, emulsification and dispersion may be mechanically
performed under high pressure, if necessary. Subsequently, pH is
adjusted at not more than 4, preferably not more than 3, and more
preferably not more than 2 by addition of an acid, or alternatively pH is
adjusted at not less than 8, more preferably not less than 9.5, and
more preferably not less than 11 by addition of a base. And the
polymerization temperature is set at not less than 0°C, preferably not
less than 30°C, more preferably not less than 50°C, still more
preferably not less than 60°C, and not more than 150°C, preferably not
more than 120°C, more preferably not more than 95°C. Hydrolysis
and condensation reaction are performed preferably under an inert gas
atmosphere, such as nitrogen, or in a vacuum and degassed state.
Here, in polymerization of the cyclic siloxanes and/or

silanes, etc., may be adopted a method of using, as seed particles,
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and condensation reaction are performed preferably under an inert gas 25
atmosphere, such as nitrogen, or in a vacuum and degassed state. Here,
in polymerization of the cyclic siloxanes and/or silanes, etc., may be
adopted a method of using, as seed particles, 12 organic polymers as
described in JP 63-202630 A, JP 63-202631 A, and JP 4-258636 A, and
a method of using a polyorganosiloxane latex as a seed latex as
described in JP 60-088040 A. Preferably, as described in WO _03/068835

FRET DS SRBPHERF Bt o STUEHY, 1S 5'8eBd it @l by ofarfé-202631 A,
RALDY hayngssuelng onetydaeels: sloxanes A MOl e e atex

using, as seed particles, a polymer having a p ameter of no
#%ore thapROairexpierabhepHero®, than Booosgndmmare prefeiahiyniy  as

not more than 10 nm. Emulsions of the polyorganosiloxane (D) by the to
apeveilmdntiondOomethod6sa6de volatildbwmduieed ar weighioey it using, as
siloxanes. In order to remove the volatile low molecular weight cyclic

$969aR8E RIS ha A IBPEEdC SRANTBE I PIAY B RFteAi iz seribReriy WoScyclic
SF;%. Qg. é1689436mae gla % 02-249582 A, c%%ﬁ metqcfc()f of making the low
molecular weight tychie slidkane 1 8nebred Bl idafhofaRdymer having a
l §§rb%%1§&c E LE" Iy éf:ef(l)u EIL ﬂd.t.hen\tQ.b_e fl S t"ed Q’ff as_
3§scrii§ed in JP%P%%-121284 Aﬁﬁr%tﬁéﬁﬁet od of & éauerﬁ‘:r’?édfﬁl not more

tholyoighnosilcxad el cibaeferauisionstiain, raathedsidesgribed in JP
11-222554 A, JP 2001-288269 A, etc. may be adopted. 20 For example,

there may befuzat $ivazs or bfanched (polgifieg) (paliotgarosil@pnedy  the
aving: a volatile low molecular weight siloxane content of not more than
& &reﬁmwﬁgt msidahdaapde volatile low molecular weight cyclic

siloxanes. In order to remove the volatile low molecular weight cyclic
siloxanes, may be adopted a steam stripping method as described in
U.S. Pat. No. 4600436 and JP 2002-249582 A, or a method of making
the low molecular weight cyclic siloxane to be absorbed by adding an
adsorbent, such as diatomaceous earth, and then to be filtrated off as
described in JP 2002-121284 A.

As another method of obtaining the polyorganosiloxane (D)
in an emulsion state, methods described in JP 11-222554 A, JP
2001-288269 A, etc. may be adopted.

For example, there may be used linear or branched
(modified) {poly)organosiloxanes having: a volatile low molecular weight
siloxane content of not more than 5 %, preferably not more than 1 % ;
a weight average molecular weight (Mw} of not more than 20,000,
preferably not more than 10,000, more preferably not more than 5,000,
and still more preferably not more than 2,500; and hydroxyl group,
amino group, or hydrolyzable group such as alkoxyl group or acyloxy

group in their ends. If necessary, the organosiloxanes may partially
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a weight average molecular weight (Mw) of not more than 20,000,

preferably not more than 10,000, more preferably not more than 5,000, 25

and still more preferably not more than 2,500; and hydroxyl group, amino
group, or hydrolyzable group such as alkoxyl group or acyloxy group in

their ends. If necessary, the organosilopx@nes may partially 13 be

substituted by a radical reactive group, such as mercaptopropyl group,
methacryloyloxypropyl grouyp, acryloyloxypropyl group, vinyl group,

Rinyiohe pféisr%ug; HHREBSIy oRI QMBI SRARR (B rfgrhePtopropyl

ne i ilo ifn ' ft-linki .
S 5 R e P M BRI viny
gm&ﬁ@%ﬂﬁi%\@a nerAEEINGrALeT. @rsuhactant, etc. in this case, for
example, the resultant mixture undergoes mechanically forced
emulsificatioff vithpolhighe pressiloecdmom e nizery die. obaterdombtasiag the
desired particle 1o size. The polymerization temperature is set at not less
ReRICHeradanly REERSARANMILE sl rlirdiing 2grdsStielh ascilanes

O r DL U ECRLT L SOPTENIR, ESmErEIgErR g apye, ond

agcfeﬁﬁlr a~£§§ﬁ?8£ﬂ%&%%%@%&“€%ﬂ@ﬁiéf? (aly)organasioxanes
aving a small content of vol]atﬁe low molecular ‘weight siloxanes as afaw

reaietiahtseleetiaReofipelymeiatiapcEaRdiiaNs foaydivelsification with a
polyorganosiloxane (D) having a reduced amount of the volatile low

hngite quilas svuaighh sitorgeaibethe taselof asiwr av acistisipolyndesdatidnparticle
condition in 20 polymerization of cyclic siloxanes and/or silanes; etc., or

Feed BATuISIBY PAliRaRIioFCER RSIGHIHEE) iBoSTbrgdnaibxesss than 0°C,
;?ruf:rifgxggbly not less than 15°C, more preferably not less than 25°C, and
not more than 100°C, prcférably not more than 70°C, more preferably
not more than 50°C. Furthermore, pH is set to the same range using |
an acid or a base as mentioned above. When using
(polyjorganosiloxanes having a small content of volatile low molecular
weight siloxanes as a raw material, selection of polymerization
conditions may give the polyorgaﬁosﬂoxane (D) having a reduced
amount of the volatile low molecular weight siloxane.

In the case of using an acidic polymerization condition in
polymerization of cyclic siloxanes and/or silanes, etc., or forced
emulsion polymerization of (modified) (poly)organosiloxanes, surface
activity of surfactants must be exhibited also under acidic conditions.
For example, anionic surfactants, such as metal salts of alkyl sulfate,
metal salts of alkyl sulfonic acid, and metal salts of alkylaryl sulfonic
acid, may preferably be used. As the metal salts, alkali metal salts
especially sodium salts, and potassium salts may preferably selected.

Sodium dodecylbenzenesulfonate is most preferable.
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activity of surfactants must be exhibited also under acidic conditions. For
example, anionic surfactants, such as metal salts of alkyl sulfate, metal
salts of alkyl sulfonic acid, and metal salts of alkylaryl sulfonic 25 acid,
may preferably be used. As the metal salts, alkali metal salts especially
sodium salts, and potassium salts mayigreferably selected. Sodium
dodecylbenzenesulfonate is most preferable. 14 Moreover, there may be

sed nonionic_surfactants such as: polyoxyalkylene alkyl ethers
BEQERTed bY Ty ol Bthyihe ditety BHECRH,oRIIBHAB SIyAh  as:

d | h heny! :
SN bR YR B Syl ooy
stRarateAE:ReioNis R daiARS1Sethas sepiitar MeRoHgUs198iyethylene

ester. Alternatively, these may also be used together with the

raboytpnenydrett aniguilysufatkyiendhiglics flatigjastidgette sy steprdsented
an acidic condition, inorganic acids, such as sulfuric acid, hydrochloric

BtidPahoRHEBlaRR, SEpFRIGscdRRd BRaNEcics sfretasts, such as

dodecylbenzenesulfonic acid, dodecyl sylfuric acid, and trifluoroacetic
ST T DO SeeE i L R AEe SRS aHREA Bipo be used

dedeadbenzenasulfonic agid heyea funalion;noL.oply as ansacid

component but also as a surfactant, even in ependent single use thereof

may exhibit eAeughidis gfeck djsemecases Srddheraiomit Ba¥ic condition,
preferably used. However, surfactants and acids are not limited to the
inisrganiendoids, exaciples andfung rmajdhehjsdbaloheior mmdy mode nitric
kinds may be used in combination. After polymerization under acidic

FIifBAYs RSt RRD SrEaRIeacidanSurbr agiRgdreviRanranpesifonic

a?éiﬁepé%)g@c:a}%a LM ric acid, and trifluoroacetic acid, may also be used.
Since alkylarylsulfonic acids represented by dodecylbenzenesulfonic
acid have a function not only as an acid component but also as a
surfactant, even independent single use thereof may exhibit enough
effect in some cases, and therefore it may preferably used. However,
surfactants and acids are not limited to the above-mentioned examples,
and they may be used alone or two or more kinds may be used in
combination.

After polymerization under acidic condition is completed
and, if necessary, after aging the obtained latex at approximate room
temperatures for not less than several hours to make the molecular
weight of the polyorganosiloxane into more higher one, the system is
neutralized to pH of 5 to 8 by adding an inorganic base, such as
sodium hydroxide, potassium hydroxide, sodium carbonate, or
ammonia, or an organic base, such as alkylamine or alkylammonium
hydroxide, thereby terminating polymerization of the siloxane.

Similarly, in the case of using a basic polymerization
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temperatures for not less than several hours to make the molecular

weight of the polyorganosiloxane into more higher one, the system is
neutralized to pH of 5 to 8 by adding an inorganic base, such as sodium
hydroxide, potassium hydroxide, sodium carbonate, or 25 ammonia, or an
organic base, such as alkylamine or-alkylammonium hydroxide, thereby
terminating polymerization of the siloxane. Similarly, in the case of using

a basic polymerization 15 condition,. surfactapts maintaining surface .
SRR TS SRR e TRy A Boslitaier basic
SoHame-sfagtants dacuding: ledimeivlammanium. salis; SHED % rfactants
dodecyltrimethylammonium bromide and stearyltrimethylammonium 5

ircimidiey @nd dialkyldittetmdanmonitmo saliss such agalts, such as
didodecyldimethylammonium bromide. Furthermore, the
dpdeevitelinehbtlasaionrisurfadmersiday ad beteserl titnetbylmaymonium
be used in combination Wit{;ar bove-mentioned cationic surfactant. As

RISy adj iy thepd %W%&@@@%ﬂﬁ&m 10 fidf§anic 1534y,  as
ithi ' i droxide, sodi droxide, and
&ﬂ%ﬁ%@#&%%@éﬁ%ﬁé&%ﬁg&?ﬁs um Qyoéﬁldje? sodium P&r{ﬁeﬁﬁa?%%m o the

cesium roxi ases, such as alkylammonium
ABRY, bahisadcTRIRIIGRNRAMNPAITL RYdroxides; SUgikaSsed alone, or may

e LT L ay

cetyltrimethylammonium hydroxide described in JP 2001-106787 A have
hothssdunctionstoba tationitt Busfactantrast t1ore-basetiarddharefargant.
even single use thereof may exhibit enough effect in some cases, and
therefore theymajRpesfciebigdisest Ppvibresybises antsarfagtntsaradition,
.not limited to the above-gentio ﬁg,examples and they may be used

'8RE0H v BPifore kit fitay 5O UABY iHY BB ioROMRT tefibaisbipxide,
ﬁ&%ﬂf‘%@&?ﬁb@ﬂ&‘é‘,d%ﬁaéé%mm hydroxide, and organic bases, such as

alkylammonium hydroxide may be used. Tetra-organoammonium
hydroxides, such as cetyltrimethylammonium hydroxide described in
JP 2001-106787 A have both of functions of a cationic surfactant and
a base, and therefore even single use thereof may exhibit enough effect
in some cases, and therefore they méy preferably used. However,
bases and surfactants are not limited to the above-mentioned examples,
and they may be used alone or two or more kinds may be used in
combination. After termination of polymerization under basic
conditions, the system is aged, if necessary, and the system is
neutralized in the same manner as mentioned above by 'adding an
inorganic acid such as sulfuric acid, or an organic acid such as acetic
acid or  dodecylbenzenesulfonic  acid, thereby terminating
polymerization of the siloxane.

A weight  average particle diameter of  the
polyorganosiloxane (D) in an emulsion state is preferably 0.008 to 0.6

um, and more preferably 0.01 to 0.35 um. In many cases, it is difficult



10

15

20

25

20 conditions, the system is aged, if necessary, and the system is
neutralized in the same manner as mentioned above by adding an
inorganic acid such as sulfuric acid, or an organic acid such as acetic
acid or dodecylbenzenesulfonic acid, thereby terminating polymerization
of the siloxane. 25 A weight average pHtticle diameter of the
polyorganosiloxane (D) in an emulsion state is preferably 0.008 to 0.6 m,

n P ly.Q.01 1 J0;RRAY, Gaes iw'ﬁﬁiff'cu%- fo
tgta%%%ﬁaéﬁ%eﬁgo I%/%?gjfr%gﬁ%gg% é) ?I%)I%JW%]l a \i/ﬁe)?g ht averége % tlcleaverage
pamaterdpss tae 9:2e8 panaphihe pelyorsaaosHexpogydkavikkAoxane (D)

weight average particle diameter more than 0.6 pm has a possibility of
wicteriaratingghamaevetagianeyrdndd mpzEcnietsistance-of Bthe fi0dh shapetias a
articles. In the present invention, a weight average particle diameter may

nessebiliss by deteripraiver dmartielardanete AR dMBAGMEFBItance of
high is.a characteristic element in the present inventjon is used in.order
RS AR dTaHElRSy alh T aBoEat e A ach g Sverage
pU1ARSH adicle dtad pﬂﬁg'ywpx@m&e@erﬁf UGB EUARIEAL particle
unsaturated monomer (E) is directly graft-polymerized to the polymer (A),
Aspestally the polyorganosiloxane (D), may not be able to give the final

shaped article sufficient flame retardancy and appearance. 15 The
monomer (B)lisedriotwenmedEit whechiors e dapetdrsdioydieuitgtnic the
or more aromatic rings and gne or more radical reactive groups in one

nﬁ%ﬁmg%@&aﬁmb%dﬁa%?fap EHRDIOnERBEES B IRITBERARRACY and
a%/p%lé%%’[ﬁlétén%p %Pr%q%!eg&squired shaped article. And publicly known

polymers in which the ethylenically unsaturated monomer (E) is
directly graft-polymerized to the polymer (A}, especially the
polyorganosiloxane (D), may not be able to give the final shaped article
sufficient flame retardancy and appearance.

The monomer (B} used in the present invention is
characterized by' having two or more aromatic rings and one or more
radical reactive groups in one molecule. Such compounds, for
example, include compounds obtained by substituting naphthalenes,
biphenyls, terphenyls, quarterphenyls, phenylnaphthalenes,
anthracenes, pyrenes, or perylenes with one or more vinyl groups, etc.,
such as 1,1’-diphenylethylene, acenaphthylene and vinylbiphenyl.
Compounds further substituted by alkyl groups, such as methylvinyl
biphenyl and ethylvinylbiphenyl, etc., may also be used.

In order to obtain higher effect improving flame retardancy,
it is preferable that the monomer (B) is a compound having two or
more radical reactive groups per molecule. Examples of such

compounds include compounds obtained by substituting naphthalenes,
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biphenyls, terphenyls, quarterphenyls, phenylnaphthalenes, 20
anthracenes, pyrenes, or perylenes with one or more vinyl groups, etc.,
such as 1,1'-diphenylethylene, acenaphthylene and vinylbiphenyl.
Compounds further substituted by alkyl groups, such as methylvinyl
biphenyl and ethylvinylbiphenyl, etc., rhay also be used. In order to obtain
higher effect improving flame retardancy, 25 it is preferable that the

] (B) is d havj adic '
. B uch e S e coma gl halenes,
Rt SHRSHREEgMARIBalese pekT1diheRyith terabh ety indtearierpheyisps, ete.

phenylnaphthalenes, anthracenes, pyrenes, or perylenes with two or

Froorehénwagrorps;aston Fehthasaneneas(B) threeforadnler (Bspasfeledd two
has at least two aromatic rings being not in_a condensed relationship and

apemGHPcTnES hsins MRl cendrpiss Fralatirashp @l hrargelirectly
compounds obtained.by substituting biphenyls, terphenyls,

o RS FyTRARRIRRI e U SRS BHa i Pl ompounds

BB tle aBgve B RPIBSSIAPIEI CddnR fORY NG AIdeRS dtfenys,
aromatic rings being not in condensed I0 relationship"‘means that the

phengmer{Bilakhue eriftormarematicrings,yreviseddhatihe existence

e Bt

of a condensed aromatic ring is allowed, and that a condensed aromatic
ring is deeméikas ondharonhaie rimg reherthdt tiexpoesstonf agaratd to as
Jings is counted in _such a manner. And furthermore, the

hegieeneationsa SxpidiRio RIS Rafe D &S "B bied i gdhapensed

means t}'ﬁt rovided th%a (‘t%ndensed aromati ir;gsi deemed as one .
relations Iﬁ? pieans ?t ¢ Hanomet ej:drh O of Inore ﬁromatlc
dromatic ring, the respéective aromatic rings are directly bonded together.

rings, provided that the existence of a condensed aromatic ring is
allowed, and that a condensed aromatic ring is deemed as one

aromatic ring, and that the number of aromatic rings is counted in

such a manner. And furthermore, the above-mentioned expression

-referred to as “directly bonded together” means that provided that a

condensed aromatic ring is deemed as one aromatic ring, the
respective aromatic rings are directly bonded together.
For the same reason, the monomer (B) is preferably an

aromatic vinyl compound. As such compounds, the above-mentioned

compounds may be mentioned. Preferable compounds include
2,2-divinylbiphenyl, 2,4’-divinylbiphenyl, 3,3-divinylbiphenyl,
4,4’-divinylbiphenyl, 2,4’-di(2-propenyl)biphenyl,

4,4’-di(2-propenyl)biphenyl, 2,2’-divinyl-4-ethyl-4’-propylbiphenyl, and
3,5,4 -trivinylbiphenyl, and 3,3’-divinylbiphenyl is especially preferable
among them. |

In addition to the same compounds as the ethylenically

unsaturated monomers (E} mentioned later, monomers which are
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For the same reason, the monomer (B) is preferably an aromatic vinyl
compound. As such compounds, the above-mentioned 20 compounds
may be mentioned. Preferable compounds include 2,2'-divinylbiphenyl,
2,4'-divinylbiphenyl, 3,3'-divinylbiphenyl, 4,4'-divinylbiphenyl,
2,4'-di(2-propenyl)biphenyl, 4,4'-di(2-pmpenyl)biphenyl,
2,2'-divinyl-4-ethyl-4'-propylbiphenyl, and 3,5,4'-trivinylbiphenyl, and

3,3'-divinylbiphenyl is espeuall preferable 25 among.them. In addition to

e RIS LB 5. FRRRATITS i) AR (LA MG FRBRSES TS, such
tlone Iater monomers Whlcha ble )

as cfg F% ezt IS nézs 5@ gzte e%@%ﬁ%ﬂ%@ triallyl

10Ral THonome viny

Sigonrarenyihsh nfe@%ﬁﬁ?ﬁt)@cra@n@yml&xk q@@ygﬂiybte, triallyl

isocyanurate, diallyl-n-propyl isocyanurate, triallyl isocyanurate,

1§d@ﬁﬂmﬂyhmcyanutatmmhaﬁgl’i)acrylogdcﬁzyamm&ﬁ@tnamnetn(meth)acryloyl
triallylbenzene tricarboxylate, diallyl phthalate, ethyleneglycol

fmmw@tazazm&buty@%lgwmﬁema@@mm@t% m&w&lﬁkr phthalate,

TRk "@&%%%@Si‘@ N EReas ’lp%‘é Joisast™

% by Welght of the mon, (r:&%g 10 fuﬂher:mor qr/glggmeghﬁm

1€ .u_ uu., \tu; is

more preferaf)\ly fo E%I Yo by welght, more pre erabl 0 to 20 % b y weigh
R AfescoRAlYIRIiZabE0 MEnemeredRs! prriecaBbetaeaBAOINE (B)39 % by

used alone. Both of excessively small amount of the monomer (B), and

vesigssivelyrange: femdiyt O éc&ibRinieyizatigmonbiter teaditemer (B) and
deteriorate flame 15 retardancy of the finally obtained c (folymer

frrshaampren® pelyiRelqdynTsist bsrmedryisapiRly O to SO % by weight,
more preferably 0 to 20 % by weight, of other copolymenizable

monomer. Most preferably the monomer (B) is used alone. Both of
excessively small amount of the monomer (B}, and excessively large
amount of the copolymerizable monomer tend to deteriorate flame
retardancy of the finally obtained copolymer.

Preferably, the polymer (C) may be obtained by publicly
known radical polymerization etc. of the monomer component
including the monomer (B). When the monomer component including
the monomer (B) is polymerized under existence of the polymer (A} in
an emulsion state by a emulsion polymerization method, publicly
known initiators, that is, 2,2’-azobisisobutyronitrile, hydrogen peroxide,
potassium persulfate, ammonium persulfate, etc. may be used as
pyrolytic initiators. And in addition to the above-mentioned examples,
a peroxide, for example, an organic peroxide, such as
t-butyl-peroxy-isopropylcarbonate, paramenthane hydroperoxide,
cumene hydroperoxide, dicumyl peroxide, t-butyl hydroperoxide,

di-t-butyl peroxide, or t-hexyl peroxide; an inorganic peroxide, such as
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known radical polymerization etc. of the monomer component including
the monomer (B). When the monomer component including the monomer
(B) is polymerized under existence of the polymer (A) in 20 an emulsion
state by a emulsion polymerization method, publicly known initiators, that
is, 2,2'-azobisisobutyronitrile, hydrogen peroxide, potassium persulfate,
ammonium persulfate, etc. may be used as pyrolytic initiators. And in

addition to the above-mentioned examples, a peroxide, for example, an
RY§ARREFerBRIRKISSeh BRtAS IR | BEFSKIAkH opy | @RbENauLm  persulfate,

aramenthan droperoxide, cumene hydroperoxide, dicumyl peroxide

i Pry BT br SRR CHUD) fr R oF Chof, FSAONIE SEranch as
Reinide.  161A3 A Bydregan aroxide  polgRsiIDerslfales hecessary, a
ammonium persulfate, may be uSed togetherwith, if necessary, a
tiegusifigrgenttalickas, sedivh fasnaldeliige suliedatesnd oflugeBermore if
and if necessary, a transition metal salt, such as iron(ll) sulfate, and
figeheranye if 5 mecessahglahglating agmnt, such sisadisodiuas disodium
ethylenedjaminetetraacetate, etc., as a redox type initiator. Use of redox
HPElFRRAABTIRAIRY RRRFIRIRafh Ve R i A (BARSeIatbRORhich
cause substantially no pyrolysis of the. peroxides, desirably enabling =~
cetting of pory e oA BB Ao R L s iatidan even at
1B uqing BEMRHCENgSH3HAN %%ﬁ'é@‘e@,%%&%%ﬂ?}'dﬁ@%fw% of the
peroxide, may especially preferably be used as redox type initiators. The
perosidef thie #ittididy esedhhand thetangouhipidechelibatiedu citg pgetures in
transition metal salt, chelating 15 agent, etc., are in a publicly known
gaveeivenge-of using the redox

Peroxides including aromatic rings, such as cumene
hydroperoxide and dicumyl peroxide, may especially preferably be used
as redox type initiators. The amount of the initiator used, and the
amount used of the reducing agent, transition metal salt, chelating
agent, etc., are in a publicly known range in case of using the redox
type initiators.

In polymerization of the monomer component including the
monomer (B), publicly known chain transfer agents may also be used
and the amount thereof is also in a publicly known range. Conditions
for polymerization used herein, such as polymerization temperatures,
pressures, and deoxidation, are in a range known by those skilled in
the art. Polymerization of the monomer component including the
monomer (B} may also be performed in one or more steps.

When the copolymer of the present invention is a graft
polymer, an ethylenically unsaturated monomer (E) may further be
graft-polymerized. In this case, polymers fdrméd from the monomer

(E) is a component used in order to secure compatibility between a
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type initiators. In polymerization of the monomer component including the
monomer (B), publicly known chain transfer agents may also be used and
the amount thereof is also in a publicly known range. Conditions 20 for
polymerization used herein, such as polymerization temperatures,
pressures, and deoxidation, are in a ratge-known by those skilled in the
art. Polymerization of the monomer component including the monomer

(B).may alsp be performed in.one or more steps. When the copolymer of
gt‘r'?eﬁprgé@ﬂl i T Yraff O3B pb e?,?ﬁ%le{e&a satUrate@homer
PAISPELE A dirbethe_QiRlloalinqiedalidhie ARR-ROVEE and to

om the monomer (E) is a compohent used in order to secure

rAamp iy Fetwasslpmer dinifeppolydtsjervedirant theapolymesitd)
and the monomer component including the monomer (B), and a matrix
resin, and to Spekifiheyeaftigsolyidramfomesndispérsdirdthe@noanatic vinyl
resin. Specific examples of the monomers include aromatic vinyl 5 i
TRGMOAEFS; SO s &§rePd Eiaca-ARthy CsEREHRYLiniE R fde Vinyl cyanide

monomers, such as acrylonitrile, alkyl acrylates, such as methyl
%8&?&%?resth§flé:cry%§e?%{}@ %%ﬁgfe%%ﬁlc@ e C?Z%ﬁ% e%} s methyl
fale, laéﬂﬂ%?c%?ﬁa%?aﬁdaﬁﬂy@@y“ﬁ%]yl Seethagiaie sthy ethylhexyl

méthacrylate, butyl miethacrylate; octyl methacrylaté, lauryl 10

doeihaes sl ristyl Taet)astglate] steanlansthaciiaie, raedihehenyte, ethyl

methacrylate. These may be used alone and two or more kinds may be
raggdanmgdatisinatibnitifhecoseting angietenay v hded imeshistmatiie vinylauryl
nr?eotrklloarg%rf?aipg’l umdijrr]xgig%]lc%)g%gggrfgﬁes,uscpeg?y\? r;%/ller&%lcorrygfe, and behenyl
methacrylate. These may be used alone and two or more kinds may
be used in combination.

If necessary, there may be used in combination vinyl
monomers including functional groups, such as vinyl monomers
including carboxyl groups, such as itaconic acid, {meth})acrylic acid,
fumaric acid, and maleic acid; vinyl monomefs inchuding epoxy groups,
such as glycidyl methacrylate; and vinyl monomers including hydroxyl
groups, such as 2-hydroxyethyl methacrylate and 4-hydroxybutyl
acrylate.

As initiators, chain transfer agents, other polymerization
conditions, etc. used for polymerization of the ethylenically
unsaturated monomer (E)}, the same conditions as described for
polymerization . of the monomer component including the
above-mentioned monomer (B] may be used. Furthermore,
polymerization of the ethylenically unsaturated monomer (E) may be

performed in one or more steps.

The polymer (A) in the present invention is used in an
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15 including carboxyl groups, such as itaconic acid, (meth)acrylic acid,
fumaric acid, and maleic acid; vinyl monomers including epoxy groups,
such as glycidyl methacrylate; and vinyl monomers including hydroxyl
groups, such as 2-hydroxyethyl methacrylate and 4-hydroxybutyl acrylate.
20 As initiators, chain transfer agents, 8ther polymerization conditions,
etc. used for polymerization of the ethylenically unsaturated monomer

the sa nd| ns as descri dfo merization oft e mo
cor?t%%e%ﬂﬂc?u mgiﬁe a Cé%esmen one@rﬁ}(/)nomey(g) ay ’bg’ ugegaa%ly not

(Eyethermere 2 5RPNMSIZaten At ‘B g i Ric AN AleHMBRe N 70

(E) may be per ormed in one or more steps. The polymer’(A) in the
paeEerbynvesiiant s asddin am2hmaoedot of predeahlylnohlessias 3han 95
parts by weight, preferably not less than 50 parts by weight, and more
nreterdily welgss thanfzoabhrisiof waiere, thdnn 90 gpastst by weight, and
preferably not more than 95 parts b Welght preferabl not more than 90

BRR By SHRTGRIARG LS MRsFe |§)%twtﬂﬁ 0 parts by weight.

The monomeg.component |nclu them nom r ]%% sed in an .
amount of p?ef rabyno?ﬁrelss h H%) bf/nﬁ:/vuel prefera%yno? r (B) is

dessithan 0.9 @eﬁ&yﬁ/ﬂe&ht& M1dRBIe n&%fere,bgg ne{aless thap d-parkbyyeichy,

weight, and in an amount preferabl';y/ not more 10 than 50 parts by

preight Ipheferablicast thare hah gamatis bysigightambraptefepablpriitly not
more than 10 parts by weight, and especially preferably not more than 5

Ipanstbpwelgmantheehyiglidalgndnsatdateanasitnid (Episuady imah more

f not | th t
t%mougbopg?tse ?, W%rl]g tp%rreferably not more than 20 parts by weight,

more preferably not more than 10 parts by weight, and especially
preferably not more than 5 parts by weight. The ethylenically
unsaturated monomer (E) 1s used in an amount of not less than 0 part
by weight, preferably not less than 4.9 parts by weight, more preferably
not less than 9.9 parts by weight, and still more preferably not less
than 19.9 parts by weight, and in an amount of preferably not more
than 69.9 parts by weight, preferably not more than 49.9 parts by
weight, more preferably not more than 35 parts by weight, and still
more preferably not more than 25 parts by weight.

The polymer (A), the monomer component including the
monomer (B), and the ethylenically unsaturated monomer (E) are used

so as to give 100 parts in total. Amounts of the polymer (A) and the

- monomer (B) are f{irstly determined, and subsequently, preferably an

amount of the ethylenically unsaturated monomer (E) is determined so
that the sum of the amount of the polymers (A) and (B} and a
remaining portion may give a total of 100 parts by weight.

Use of the polymer (A}, the monomer component including
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by weight, preferably not less than 4.9 parts by weight, more preferably 15
not less than 9.9 parts by weight, and still more preferably not less than
19.9 parts by weight, and in an amount of preferably not more than 69.9
parts by weight, preferably not more than 49.9 parts by weight, more
preferably not more than 35 parts by w&fght, and still more preferably not
more than 25 parts by weight. 20 The polymer (A), the monomer

omponent including the amer(B), and the ethylenically unsaturat
R E o o 2N cort Tl SRR e (e
AW (Ahandhg anespeHE) aﬁeaﬁifgég determigedy@dikionally  difficult
subsequently, preferably an amount of the ethylenically unsaturate
shendnei{eh is cididbitioed o Zntbatdbersizm of tedhinopatoftimstance.
polymers (A) and (B) and a remaining portion may give a total of 100

parts by weight. Osdeast tise polytiel (RCTRR Fesymel ébmpepeplymer and to

including 22 the mpnomer (B), and. the ethylenjcally unsaturated )
FHGTOmER f) SSRGS aliovd GRNDCTSRUEE TmaReS BERSBhaRFoPertics

iffi imyltane ibitio [mp .
e o SRt P Bpsrse i e
Ahe:copQl/EnsT 19:kealiza oxaaliant Rechanicat PIGRRMHIAS 1eRIBseRIeAHY in the
especially impact resistance when dispersed in the matrix resin, the
feapalyofereittielpsesendnavemtefer sshivefenabiiién foerformfofyatticles, of the
more preferably in the form of particles of the above-mentioned graft

ZopuRRnéigeeshiBrpfefepmammaTe fyRecialypreteNmér the form of
particles m nufactured(%y the emu%foen %% erié%%ion method as1 .

SFBHORBE SBBYE BATHR B R AUSHRI HA R RGBT B, PRy merization
ﬁggﬁ@glyagowé?ﬁgﬁ%é) Q000 ”‘?ﬁ%p(ﬁéﬁé@@yeﬂ%ﬂggg particle diameter

thereof is preferably not less than 0.008 um, more preferably not less

than 0.01 pm, still more preferably not less than 0.05 um, and

furthermore it is preferably not more than 1 pm, more preferably not

more than 0.7 um, more preferably 0.38 uym. In many cases, it is

difficult to obtain stably particles with a weight average particle
diameters less than 0.008 um, and pariicles with a weight average
particle diameter more than 1 pm have a possibility of deteriorating
flame retardancy and impact resistance of the final shaped articles.
When a copolymer of the present invention is obtained by
the emulsion polymerization in this way, the emulsion can be
coagulated by addition of a metal salt having not less than bivalence,
such as calcium chloride, magnesium chloride, magnesium sulfate, or
aluminum chloride, into the emulsion, and subsequently the
copolymer of the present invention may be separated from the agueous
medium by heat-treating, dehydrating, washing and drying,

(coagulating method). In view of economically inexpensive availability,
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than 0.01 pm, still more preferably not less than 0.05 pm, and furthermore
it is preferably not more than 1 pm, more preferably not 15 more than 0.7
pm, more preferably 0.38 gm. In many cases, it is difficult to obtain stably
particles with a weight average particle diameters less than 0.008 pm,
and particles with a weight average- pariicle diameter more than 1 pm
have a possibility of deteriorating flame retardancy and impact resistance
of the final shaped articles. 20 When a copolymer of the present invention

B BHFIEFH AR BhEASSSEKTHES B8 TIF iRl S theBmEIsiek kevs than
&%aggg gl S asdglglso%fg fa%k@ﬁ%t'e?}%g?%“ﬁ%@% lf}esir%]s%ﬁ%\gl%gcgélcium

such as calcium chioride, maghesium e, magne

HUSHAEM LAOTIHE, INOSAG S MUHERTARNGEHPSEAURNI e Be CQREYMERyhen

of the present invention may be separated from the aquedus medium by
chedt-treniingtalelydratngsweshirigearitdogeg, {eoagaling metheghdnesium
view of economically inexpensive availability, 23 and furthermore of easy
Tfatmanay slettakbitdbaameg not less than bivalence, halide salts of
alkaline earth metal re,prég[e ted b caxlfium chloride and magnesium __

SR

chloride may PYSEPRH/ TBAGiIAhRET PG eE Ry régidision, to

%%Io&%%{gegirnaggréal\%a%g_ggm .%?ulfai% o w%%%at}lg%ng%sl%gle alcohol,
AIternaUve’ly the copolymer is preCIpltatéauby addition, 10 the emufsioh, 0

SuBRIEESelu b AR ESNIN o FOpRXBAINE, BlEosHChaRIMeIiaRgkently,
ethanol, or propanol, or acetone, and subsequently, it is separated from

ithis sebpantdty defitoifngtih d edyldetiorhfileatini flg =lcdahddiriadoandiitration,
finally it may be isolated. As other methods, there may be mentioned

GifetAous WRsrbirad digadiy somrait evisglesad  As other methods, there

may be mentioned methods wherein an organic solvent having some
degree of water solubility, such as methyl ethyl ketone, is added to the
emulsion including copolymer of the present invention to extract the
copolymer in the emulsion into an organic solvent layer, and the
organic solvent layer is separated and subsequently mixed with water
to precipitate the copolymer component. Moreover, the emulsion may
also be directly formed into fine particles by a spray drying process.
When a powder resin is used as a matrix resin in obtaining
a resin composition by blending, the copolymer of the present
invention is preferably collected as a powder having a weight average
particle diameter of preferably not less than 1 pm, more preferably not
less than 10 um, still more preferably not less than 50 pm, and
furthermore preferably not more than 1 mm, more preferably not more
than 500 pm. Especially a powder resin having a weight average
particle diameter similar to or equal to a weight average particle
diameter of the matrix resin powder advantageously prevents

classification. In order to facilitate dispersion of primary particles of
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degree of water solubility, such as methyl ethyl ketone, is added to the
emulsion including copolymer of the present invention to extract the
copolymer in the emulsion into an organic solvent layer, and the 15
organic solvent layer is separated and subsequently mixed with water to
precipitate the copolymer component. Moreover, the emulsion may also
be directly formed into fine particles by a spray drying process. When a
powder resin is used as a matrix resin in obtaining a resin composition by
Hendiadt FRRUFMFRS e Iakdst resinydhfopasyicreisblrebicddy in a
s a powder haying a weight average particle diameter of. preferably not
?e%geth‘g\%ll rgm?hn?o%r%v&:gfepa%?yyr%? I"Iegirt i 1@83{%”?&1‘7&’&%? eHiplposely
Jesa#b@n 50 pm, and furthermore preferably not more than 1 mm,
more preferably not more than 500 pm. Especially a powder resin having
a weight avertige 2ipaiiieietianeales sipriaeiorofpaualiiha weighbe blended
average particle diameter of the matrix resin powder advantageously
BrEventg1elassifiesion Sadides ithienitiopadispersiomof hrnary seitinesesin,
82[554 %g%e %raft cor%())hlymer in the matrix resin, the powder is preferably in a
e WhE EbfoIfmET BRthePrEReRtivEntichns Isegeymer of the

aaqregated, The copolymer of the present invention may be blended 5 . .
Swith a matrix resin, such a2 thefrmoplastic resin, %ﬁsefimlé‘%g?t‘fngcr‘@s‘iﬁ?léhdw the

RIRSIBMIsER 0Ve B 48 FORRRBIIONI TN AP UUMELDf the PIBSENL retardant
invention may preferably be used as a flame fetardant for the matrix resin.

~ rEREresimeasidsiticih atayae gisedsaiva flaste fistardaritesithey and impact

composition that can give advanced flame retardancy and impact 10

TeuRtanes traafifiainl bhedihedsHaphdretcaticle.

The amount of the copolymer of the present invention to
the matrix resin is preferably not less than 0.1 part by weight, more
preferably not less than 1 part by weight, and preferably not more than
20 parts by weight, more preferably not more than 10 parts by weight,
still more preferably not more than 6 parts by weight, especially
preferably not more than 4 parts by weight, per 100 parts of the matrix
resin. Undesirably, an amount exceeding the above-mentioned range
may make molding difficult, and an amount less than the range tends
to fail to develop both of flame retardancy and impact resistance.

Examples of the matrix resins include, as thermoplastic
resins, polycarbonate resins, polyester resins, such as polyethylene
terephthalate resins, polybutylene terephthalate resins, poly
(cyclohexylene-dimethylene) terephthalate resins, and polyethylene
naphthalate resins, polyester carbonate resins, polyphenylene ether
resins (preferably modified ones with polystyrene, ete.), polyphenylene
sulfide resins, polyether sulfone resins, polysulfone resins, polyarylene

resin, polyamide resins, polyether imide resins, polyacetal resins,
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The amount of the copolymer of the present invention to the matrix resin
is preferably not less than 0.1 part by weight, more preferably not Igss
than 1 part by weight, and preferably not more than 20 parts by weight,
more preferably not more than 10 parts by weight, 15 still more preferably
not more than 6 parts by weight, especally- preferably not more than 4
parts by weight, per 100 parts of the matrix resin. Undesirably,_ an amount
ex eedinﬁ the above-mentioned range may make molding difficult, and

t

BREHIBYAt AR ol ST Sin QPR 0 Rl iR Sel dpobvRe B ipaiaile  resins,
. i t resi 20 E les of the matrix resins
%Eé?&%g?gé%ﬁ%%ﬁa%st%8@%%#%8‘?&1‘ re)s(%rlnsp gu{aﬁ?ene»sgé{gw ﬁ%;?oiymer

S, polycarboriaté resins, poly es

s sRelyaiderol derepithpiala aess, RobbstYigNeAeRIIBaIdG r (ABS)

resins, poly (cyclohexylene-dimethylene) terephthalate rgsins, nd
mﬂiteshylawyimphﬂiﬁa]mlmsimneolyeéjéfe@aﬁbm@thﬁﬂSﬁyrene copolymer
polyphenylene ether 25 resins (preferably modified ones with polystyrene,_ .
B holyphBABSeLYAdc Rsins TpdNastharasyifonétrdsir; pbiysylimedeimide
resi olyarylene resin, polyamide resins, polyether imide resins

RS 1A ST 5 RN e FAPRELnd BBy RERERRIRGPOlymer (AAS)

yacrylopitrilg resins, _acrylonitrilerstyrene copolymer resins, . .

%ﬁltﬁ(i:’eneg‘é%feﬁg%oplo ;Q)Fﬁl)eér’ (HE’I%’L“SIES redélgr]]s,p gg}’ﬁon trie-blitadigher Topyienes,

pubheicshyhnertepelyManthB P K5 iRt 368y IONiHlg-Buadien ore, examples

rubber-a-methyl styrene copolymer 5 resins, styrene-butadiene

indiveleacasoritiend phanypnateimide eppriymesiasinghenol resins, urea
acrylonitrile-acrylic rubber-styrene copolymer (AAS) resins, polyolefin

YRS, suBA ASPaTetRyRiRgs, RapRepgenassipslymetyienetng, audyester
A R R S B e e Based
rubbers, nitrile rubbers, such as butadiene-acrylonitrile based
copolymers, polychloroprene rubbers, natural rubbers, butadiene
rubbers, styrene-butadiene rubbers, methyl methacrylate-buty!
acrylate block copolymers, styrene-isobutyl.ene' block copolymers,
styrene-butadiene block copolymers, hydrogenated styrene-butadiene
block copolymers, polyester elastomers. These may be used alone or
two or more may be used in combination.

Of the above-mentioned resins, especially preferably use of
polycarbonate based resin can easily develop flame retardancy. The
expression “polycarbonate based resin” has a meaning that it contains
not less than 50 % by weight of polycarbonate resin to a total amount
of polycarbonate resin and other resins. The polycarbonate based
resin more preferably contains not less than 70 % by weight of
polycarbonate resin. Most preferably the polycarbonate based resin

cantains polycarbonate resin substantially alone.

The expression “the polycarbonate based resin contains
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10 resins, melamine resins, polyimide resins, unsaturated polyester
resins; as elastomers, acrylic rubbers, such as butyl acrylate based
rubbers, nitrile rubbers, such as butadiene-acrylonitrile based
copolymers, polychloroprene rubbers, natural rubbers, butadiene rubbers,
styrene-butadiene rubbers, methyl methgcrylate-butyl 15 acrylate block
copolymers, styrene-isobutylene block copolymers, styrene-butadiene

ck copolymers, hydr%%z%a Styrene-butadiene block copolymers,

bl ted
B 8@@%&?&@? ﬂ?&? umgﬁé?ﬁnﬁthrﬁ Redydsrbonate
B e e R R e e i ol eiaasmpnate.

use o polycarbonate base Sin Can easl

The exaressiopoRRINFBMoRatehaged {ﬁsiﬁ{é‘%?o%@é@ﬁﬁ‘é?ﬁi%éa&{t Jegreentage

contains not less than 50 % by weight of polycarbonate resin to

mmApungioé polydaibabaiecdsineandpergr rétinse The:pohieatbonalthd  impact
based resin more preferably contains not less than 70 % by weight of 25
ISsShabeparestaeMogtprefehebiyatio pdlyidarbpobitedhdsetartesiresin is, the
cantains polycarbonate resjn substantially alone. The expression "the
rﬁl&%aﬁ&? aChased HSsiff LBhtalss 26  PoltarpehatarRsmaisodtasaallyresins,
t@{gne"manslga}géhﬁgol carbonate based resin contains nqt less than.

G5 5% B3 Melblit of Doy CaTmoNAE, TS Fatit 5T bOy ERRSREHFedif RaREbonate

r@lapM@;mentioned percentagfvmar give yelkalanged excellent flame . .. o
retardancy and impact 5 resistance, and the higher the ratio of the ’

Ipolycarbonseergsityisithet hpbed catisfacionoliereifect iSnds 1., and in this
polycarbonate based resins, there may also be used copolymers, such as

PeiGariife RsoIveatsasand thsireopsigebienpttyvaricateheginsesin is set to

the same range as mentioned above. As other resins to be included in
the polycarbonate based resins, resins other than the polycarbonate
resins mentioned as examples of the above-mentioned thermoplastic
resins may be used.

Polycarbonate resins to be used for the present invention
may be obtained by making dihydric phenol react with phosgene or
carbonate precursor. As dihydric phenols, bis{hydroxyaryl)alkanes
are preferable, and examples include: bis(hydroxyphenyl)methane,
1,1-bis{4-hydroxyphenyljethane, 1,2-bis(4-hydroxyphenyllethane,
2,2-bisthydroxyphenyl)propane, 2,2-bis(4-hydroxy-3,5-dibromophenyl)

‘propane, 2,2-bis(4-hydroxy-3,5-dichlorophenyl)propane, and

2,2-bis(hydroxyphenyljhexafluoropropane.

Other dihydric phenols include: bis(hydroxyphenyljalkanes
including phenyl groups, such as phenyl-bis(hydroxyphenyljmethane,
diphenyl-bisthydroxyphenylimethane, and
1-phenyl-1,1-bis(4-hydroxyphenyljethane;
bis(4-hydroxyphenyl)cycloalkanes, such as
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polycarbonate-polydimethylsiloxane copolymer resins, etc., and in this 10
case, the percentage of the polycarbonate unit in whole resin is set to the
same range as mentioned above. As other resins to be included in the
polycarbonate based resins, resins other than the polycarbonate resins
mentioned as examples of the above-mentioned thermoplastic resins
may be used. 15 Polycarbonate resins to be used for the present

be ob b king dihyd h | ct with
BRI e%@@bé%%a?ﬁidﬂﬁ Ehiﬂglsrea
fer bl lud
D D S R e, and
1, 2-bindf hiygareyshenvh ﬁﬁE%ﬁa@@c%ﬁéD'S(hydVOXVPH%MH%QP}%%dlphenyl

2,2-bis(4-hydroxy-3,5-dibromophenyl) propane,

12 2bid(AerponpdreFitliotitbeophenyl)propane, abik(4-hydroxyphenyl}sulfide,
2,2-bis(hydroxyphenyl hexafluoropropane Other dihydric phenols

m(&daygigwm falkanes including piséhyhyds;pchesulfoxide,

d, ?y&)f(%( W@% meeqﬁggyég%qumone, bisphenol fluorene,

LLQ%U%’]- Qﬁ{éﬁ] 9r .hﬁn l) ane,-m_ R T P A S
b|s 4-hydroxyphenyl cyé Ikangs %gach as 995¢ diiydric phenols may be

Ustdia(dhydsexypoenyheyetoRexalemay be used in combination.
1,1-bis(4-hydroxyphenyl)-3,3,5- trlmethylcyclohexane and

1,1-bis(4-hydEikypheny phendicanspétatinyroofedipbinyko be used are
bls{h 4-h droxy hen I)OX|de bis(4- hydroxyphenyl)sulflde 5
e bistnhy ERhisdaynsarsabenyl)propane.  As

et ot
and dialkyl carbonates, such as dimethyl carbonate and diethyl
carbonate may be mentioned. Besides these aromatic polycarbonate
resins, aliphatic polycarbonate resins like polyethylene carbonate may
also be used.

In these polycarbonate resins, dimethylsiloxanes may be
copolymerized in a main chain thereof.

In the present invention, either of a single component
system and a multi component system may be adopted as the matrix
resin,

In mixing of the copolymer of the present invention with
the matrix resins, such as thermoplastic resins, thermosetting resins,
and elastomers, after mixing using a Henschel mixer, a ribbon blender,
etc., the resultant may be melt-kneaded using rolls, an extruder, a
kneader, etc.

In this mixing process, there may be blended usually used,

publicly known additives, including: antioxidants, such as phenolic
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used alone, or two or more kinds may be used in combination. Dihydric
phenols especially preferably to be used are 10
bis(hydroxyphenyl)methane and 2,2-bis(hydroxyphenyl)propane. As
carbonate precursors, diaryl carbonates, such as diphenyl carbonate; and
dialkyl carbonates, such as dimethyl caggponate and diethyl carbonate
may be mentioned. Besides these aromatic polycarbonate resins,

aliphatic, polycarbgnate resins like polyethylene carbonate may 15 also be
BE R polCrBBRAS e RS HimaRTSHAARE magFe Salir - based

| ized i ' i f.Int resent invention, either of a
e R R LA et RO BIEr LN 2SS as

B erNARIAR resil iR rﬁ@iﬂﬂ&%@i%%@%@_fﬁa@ Besen! ERWOame
with the matrix resins, such as thermoplastic resins, thermosetting resins,
Endslastomersciftersmiding nsing sikiensebelphixepteortbprabléndemdensed)
etc., the resultant may be melt-kneaded using rolls, an extruder, a 25
rhegabas; In tieRaghg pidestidiarere niiydhe bleAdied Usudngisgeemethyl

ulgiijc%kri[mgm dditives, inclu Wﬁntioxidams, uch as phenolic 28 |

antioxidants, progpRvius 54 SkidShts BAA <P yaRegs obtained by
aaiexidanis, A diipping agcats, palymer processing aids, suehas igh -,
Tnolecular V\feight po}&Pmet‘f'lyfymethacryTate)ﬁ é%%’edp ré%f:ns%ﬂamey r%'%} .

seteydanisl suetamsiiclie resiiseFedPBOSPPOLHE bIANdsnsEfkthg allcyl
phosphates; impact modifiers such as butadiene-methyl
(metiaayiaiestymneleopalyrdense brogmdtacoibiymees phtagiediby  improving
agents, such as terpene resins and acrylonitrile-styrene copolymers;
plasticizers; lubricants; ultraviolet absorbers; pigments; fiber
reinforcing agents, such as glass fibers; fillers, such as talc, mica,
calcium carbonate, oxides of titanium, zinc oxide nano-particles, layer
silicate, metallic micro-particles, and carbon nanotubes; polymer
lubricants; polyorganosiloxanes including functional groups, such as
polyorganosiloxane including epoxy groups; compatibilizers, such as
(epoxy-modified) styrene-butadiene-styrene block copolymers;
antistatic agents, such as polyamide-polyether block polymers,
alkylene glycols, glycerol, and fatty acid esters; mold release agents,
such as monoglycerides, silicone oils, and polyglycerols; coupling
agents used for fillers and matrix resins, such as silane coupling
agents and titanium coupling agents.

| Especially for an anti-dripping agent in combustion tests,
such as UL-94 test, fluororesins, such as polytetrafluoroethylenes and
polyvinylidene fluorides, powdery materials obtained by compounding
polytetrafluoroethylene with other polymers, such as {meth}acrylic acid

ester based polymer may be used. The amount thereof is preferably in
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graft-copolymerizing methyl methacrylate, styrene, acrylonitrile etc. onto

alkyl (meth)acrylate rubber or composite rubber comprising alkyl

(meth)acrylate rubber and polyorganosiloxanes; melt-flow improving 10

agents, such as terpene resins and acrylonitrile-styrene copolymers;
plasticizers; lubricants; ultraviolet absorers; pigments; fiber reinforcing

agents, such as glass fibers; fillers, such as talc, mica, calcium

carbonate, oxides of titanium, zinc oxide nano-particles, layer silicate,
InERMEENTISO-pretelddiam e adis napiowbieh holypoes 15 dibrichhitsnot more

olyorganosiloxanes including functignal groups, such as
%ﬁ%riaﬁ@ﬁ%@n@ﬁﬁﬁb&in@%oﬁ?@r6¥}6§?06’ﬁﬁ§5ﬁ6?ﬂ%r§9§u8ﬁ%§ than 0.6

Sepspegitenh seneiBadens, e black copglvners: anistac

agents, suc yam POIYMETS, C

islyserahgod fatyaridestors: maldyelease agenish 39:5U¢8Garts by weight

monoglycerides, silicone oils, and polyglycerols; coupling agents used for
dillernatibmateisirgsiasiduchasbiangcouptitigeagafis anchtifanidssirably be
coupling agents. Especially for an anti-dripping agent in combustion tests,
%@E@#’é@@)Eibmﬁegﬁeﬂﬁé@&}{éﬂhQfS@GWEm@ﬁt@ﬂﬂaﬂuoroethylenes and 25
polyvinylidene_fluorides, powdegomaterials obtained by compounding

polytetrafluordethyfe8 withidth ﬁ%%?é??%dén%@tﬁ@?ﬁi)déﬂ}ﬁb %c‘_i?d)POEYmef
SRR LAY BRIMAY RCAREc, T BHONIL Rl P EIRIBRN N2 o

a range not more than 2 parts by weight, more préferably ot more

pestbioreighlic and sfilimese gieterabi At nareiihan A BoRASHY that is, an

weight, per 100 parts by weight of matrix resin, and preferably in a range
iofeotiless tmeridiigpam dshwaighirpeetD@iparts byradight, 5 af MAiX molding
resin, and thereby preventive effect may desirably be
method, a calender molding method, etc. may be applicable, as
molding methods of a flame resistant resin composition of the present
invention. When the resin composition is obtained from the
copolymer of the present invention and a thermosetting resin, there
may be used a method wherein the composition is hardened with
heating, etc. after introduction of the flame resistant resin composition
of the present invention into a mold, etc. When the resin composition
is obtained from the copolymer of the present invention and an
elastomer, forr example, it is molded into a shape compatible for the
purpose of molding using molding methods, such as injection molding
and heat pressing molding, and then it is, if necessary, cured to
provide a molded product.

Use of molded products obtained from the flame resistant
resin composition of the present invention is not particularly limited,
and, many uses that need impact resistance, flame retardancy, cold

resistance, etc. may be mentioned, for example: office appliances and

home electric appliances, such as desktop computers, notebook type
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obtained when the problem of dripping occurs. When the resin
composition is obtained from a copolymer of the present invention and a
thermoplastic resin, molding methods used for molding of usual
thermoplastic resin compositions, that is, an 10 injection molding method,
an extrusion method, a blow molding method, a calender molding
method, etc. may be applicable, as molding methods of a flame resistant
resin com ositjon of the present invention. When the resin composition is

%?)‘TBR]BBE SmitAELoFER @F%"ﬁf@seﬁ JRvRRtShSRIaEs ihEiRsetignters,
e e thod wh elnt sition is
?gérrrwl d ]&ﬁ:@é?%étﬁ)’lg?ec a %rell}w roductisn ? %i $§1 relfortable)
godROsiigmehhe oI ﬂmgqmsqwﬁsemol%aﬁ&% Whenhegey 'f%{t 1 video
composition is obtained from the copolymer of the present inventio n%
eamelastonibgifal exametesi isithaldeddpieiarshana ebmpatibledes thec ders,
}Sur ose of moldlng using molding methods, such as injection molding

EEERTESEMg GiRIPgeERd IRttars, foheuussanycoumsaits pfovideaitors:

roducts obtained from the flame resistant

ed product. Use of molded
?rﬁ%?ﬁfeorhcp s #Sﬁﬁgm’rggaﬁﬁmsmfm o B cHakPhRERPISS display
abg.man 15 thaf need impagt resistance fIaQe neta,rdan cold

aeidper ey May A d, for%xample difice appia r{gé%pé}%ne jacks,

reS|stance elc. e mentlone

mm@ecmmaﬁpl@d@% Suhasdaskiggioomputers netehookitype 30 1 ioa;
computers, liquid crystal dlsplays plasma displays, PDAs, printers,

wEpyirigmashinksafaxeniictinesp(portable) deldphanes: dpoitaie et such
instruments, lighting instruments, game machines, digital video cameras,

%‘?gﬁgpéaﬁ%%@kaed%wg@simtm@ W@E@‘l@rﬁrgi&ss heater fans,

steering wheels, and vibration-proof materials, etc.
Obtained molded products can exhibit outstanding (low

temperature) impact resistance and flame retardancy.

EXAMPLES

Although detailed descriptions of the present invention will,
hereinafter, be given based on Examples, the present invention is not
limited to them. A term “part” as used herein represents “part by
weight”. Following measurements and experiments in Examples and
Comparative Examples were performed as follows.

[Polymerization conversion]

A part of the obtained latex was sampled and precisely
weighed, and dried in a hot-air dryer at 130°C for 1 hour. The
resultant solid was precisely weighed, and the solid component ratio in
latex was obtained. The polymerization conversion was calculated by

using the following expression.
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5 DVD recorders, clocks, etc.; battery for cars, etc.; parts of capacitors;
electronic and electrical machinery parts, such as LED graphic display
devices, display materials within power supply box, telephone jacks,
terminal block covers, and coil bobbins; electronic and electrical
materials, such as sealing compound; gpd automobile members, such 10
as seal materials, vibration isolation materials of glass, heater fans,
steering wheels, and vibration-proof materials, etc. Obtained molded

Iplofifts AEKHbIHRSEBmE oM sethperanliid) Pepaporertanetiang raw

S S FP S A dented o ie

present in ention wite

@@%gﬁé@%@g{@@ti%ggg 21?Iit§gdo(cggyem. A term "part" as used herein

represents "part by weight". Following measurements and experiments in
Examples and 20 Comparative Examples were performed as follows.

Polymerization conversion] A part of the obtained latex was sampled and
*é?é@isél?hﬁéﬁgh@mafm dvissar invealsotiad] tinyertaes30 @ sexdlrthowo e,
[Qg(fltant solid was precisely weighed, and the solid component ratio in 25
I

%Wgsagﬁffrﬁg&?%%%l%%ﬂ%%ﬂn conversion was calculated by
using the follgwing expression, 31 raw. material gross weight used x .
e e o POHiET ot GOy,

solid componlelﬁ? ralio) - Faw - Maget
rorpdisnnmatriall/ saenemerweioht used 1y 9{%&%&%@5 4280 in a
transfer agent was dealt with as a used monomer. {Volume average
glattictd didmeterh measuring apparatus, MICROTRAC UPA 150 made by
Nikkiso Co., Ltd. was used for measuring the volume average particle
diameter (umy). |
[Impact resistance]

According to ASTM D-256, evaluation was performed by
Izod test at 0°C using 1/8-inch bar with notch.

[Flame retardancy]

The flame retardancy was evaluated by UL94 V test.

MANUFACTURING EXAMPLE 1
Manufacture of polybutyl acrylate based seed polymer (SD-1)

Into a five-necked flask having an agitator, a reflux
condenser, a nitrogen introducing inlet, a monomer introducing inlet,
and a thermometer, were introduced and mixed 400 parts by weight of
water and 12 parts (solid) of 15 % sodium dodecylbenzenesulfonate
aqueous solution (manufactured by Kao Corp., Neopelex G15).
Subsequently the system was raised up to 50°C and after the
temperature of the liquid reached 50°C, the system was substituted by

nitrogen. Then, 10 parts by weight of butyl acrylate and 3 parts by
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The volume average particle diameter of a seed polymer,
polyorganosiloxane particle, and a graft copolymer was measured in a
state of latex. A measuring apparatus, MICROTRAC UPA 150 made by
10 Nikkiso Co., Ltd. was used for measuring the volume average particle
diameter (m). [Impact resistance] Accasding to ASTM D-256, evaluation
was performed by 1zod test at OC using 1/8-inch bar with notch. 15
[Flame retardancy] The flame retardancy was evaluated by UL94 V test.

RFABRS FACTORINE EXARTPRE ATV iEiREFactiiéest pofy Biey | Aeryraia B 0-01
RV A SRR IR A SRR, 0.9 par

reflux “cond&nser, a nitrogen’in _

plelyand @ dreuBamaler weieiRiEefisedANdRINELAQR RIS Bygreight 1
l:%)5}# W%Hand 12 parts (solid) of 15 % sodium d%))gg'{e?lcylte)e(&zeng’suIfonateg Y
vagighrusf shistidh (mariifabinkadibn koot Eon cbieapqBO®AY) (6025 part by
Subsequently the system was raised up to 50C and after the temperature
g ticplid iksachs sodiate {FaSmavEdabsttared bydsittogendThéren the

10 parts by weight of bytyl acrylate and 3 parts by 32 weight of t-dodec
Bttty (e

I
CHh ORrbrhinufedntiod PaHey srirgreasslief S0 parts
ent) of payamenthane hydrgperoxide, 0,3 part, by weight of sodium __,
R e e T ey B ooty A o Gy Hctcaptan,
ﬁi@'@?@ifi‘sjﬁﬁewaﬁé‘*}éﬁﬁ (ERTA).d- RN 2eBhLRL IS de was

sulfate (FeS0O4.7H20) were added, and then the system was agitated for
ddHedr chmiixadoliggigr oompBsehaf80 patbsequently, post-polymerization
for 2 hours was performed to obtain a latex including seed polymer
(SD-1) having a volume average particle diameter of 0.03 uym at a

polymerization conversion of 90 % (t-dodecyl mercaptan was regarded

as a raw material component).

MANUFACTURING EXAMPLES 2 and 3
Manufacture of polyorganosiloxane particle (S-1 and S-2)

Using composition shown in Table 1, agitation for 5
minutes at 7,500 rpm by a homo mixer was given to prepare siloxane
emulsion. Separately, a seed polymer (SD-1) latex equivalent to solid
content of amount shown in Table 1 was introduced into a five-necked
flask provided with an agitator, a reflux condenser, a nitrogen
introducing inlet, an inlet for monomer addition, and a thermometer.
The above-mentioned siloxane emulsion was poured into the flask at
once. The system was raised from 35°C to 80°C over 1 hour, while
agitating under nitrogen flow, and then, 1 part by weight (solid) of 10 %
dodecylbenzenesulfonic acid (DBSA, manufactured by Kao Corp.,

Neopelex GS) agueous solution was added. Reaction was continued
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by weight of butyl acrylate, 27 parts by weight of t-dodecyl mercaptan,
and 0.09 part by weight (solid) of paramenthane hydroperoxide was
added continuously over 3 hours. Subsequently, post-polymerization 10
for 2 hours was performed to obtain a latex including seed polymer

(SD-1) having a volume average partick diameter of 0.03 m at a
polymerization conversion of 90 % (t-dodecyl mercaptan was regarded as

fa ra aterial component). 1s MANUFACTURING EXAMPLES 2 and 3
arﬁqg]eﬁ}r’é'%f Hafy srsisauisand Rarigernd 4Rd2555 Usinffer the system

it inT . agitation. for 5 minutes at 7,5 b .
PR bR S IR LR

IPAMBEE ASEiD daisxLa Uiy alenidB $RlIE20 ORI Rt A AQURL %’q&yﬁf&maﬁon.

Table 1 was introduced into a five-necked flask provided with gitator,
A riexcondéndenga pithgegantieilugiagdnigiaandiiet s MonAers-2) was
addition, and a thermometer. The above-mentioned siloxane emulsion
qPhaipstted hedtRe HaskewonestThesydenm vaslvisedifatinesGdaversion,
80C over 1 hour, while 25 agitating under nitrogen flow, and then, 1 part
By fHP’e&oﬁ‘a’)@mB DASHECHIERELRES Motadiserl pbpslyorganosiloxane
“nanufactured by Kao Corp., Neopelex GS) aqueous solution was added.
Reaction was continued 33 for 15 hours, the system was then cooled to

25C. After the system was kept standing for 20 hours, pH was adjusted to

6.5 using sodium hydrogen carbonate 3 % aqueous solution to terminate

polymerization. A latex including pb#yBigariosiloxane particles (S-1 and

4
S-3
Seed polymer [SD-1 Part| 2 2 -
Siloxane [on exchanged | Part| 280 | 280 | 200
Emulsion water
SDBS Partj 0.5 | 0.5 1
DBSA Part - - 1
D4 Part|] 93 | 93 -
DHPDMS Part | - - |197.5
DSMA Part] 5 - 2.5
MPrDMS Part| - 5 -
Polymerization DBSA Part | 1 1 -
Catalyst
Polymerization conversion 86 % |86 % |96 %
Volume average particle diameter um | 0.2310.24 |0.28

SDBS: sodium dodecylbenzenesulfonate

DBSA: dodecylbenzenesulfonic acid

D4: octamethylcyclotetrasiloxane

DHPDMS: dihydroxy-terminated polydimethylsiloxane with an
average molecular weight of 2,000

DSMA: y-methacryloyloxypropylmethyldimethoxysilane

MPrDMS: mercaptopropyldimethoxymethylsilane
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- particles. TABLE 1 10 Manufacturing Example 2 3 4 Polyorganosiloxane

particles S-1 S-2 S-3 Seed polymer SD-1 Part 2 2 - Siloxane lon
exchanged Part 280 280 200 Emulsion water SDBS Part 0.5 0.5 1 DBSA
Part--1 D4 Part 93 93 15 DHPDMS Part - - 97.5 DSMA Part5 - 2.5
MPrDMS Part 55 Polymerization DBSgyPart 1 1 - Catalyst Polymerization
conversion 86 % 86 % 96 % Volume average particle diameter 4m 0.23
0.24 0.28 SDBS: sodium dodec élbenzenesulfonate 20 DBSA:

dodecylbenzenesulfoMH FAL GBI AMBER oxane DHPDMS:
h t dimet I I it olecular
e eﬁ%“ﬁ"%ﬁ TR R RS DSt methonysiane

25 MPrDMS PRERUAIDEIGYYMAYISHARE 45 as used and after
MANUFACTURING XAMPLE 4 Manufacture of polyorganosiloxane

fudtieiefiSFS) 5 minutes at 10,000 rpm by a homomixer, the system was
passed through a high pressure homogenizer 3 times under pressure
of 500 bar to prepare a siloxane emulsion. This emulsion was
promptiy poured into a five-necked sk provided with a reflux
condenser, a nitrogen introducing inlet, a monomer addition inlet, and
a thermometer, and reaction was carried out at 30°C for 6 hours with
agitation. Subsequently, the system was cooled to 23°C and kept
standing for 20 hours, and then a pH of the system was adjusted to
6.8 by sodium hydrogen carbonate to terminate polymerization, and
finally a latex including polyorganosiloxane particles (S-3) was

obtained. Table 1 shows test results of a polymerization conversion,

and a volume average particle diameter of the latex of

'polyorganosiloxane particles.

According to “Polymer Handbook”, 1999, 4th edition by
John Wiley & Sons, - a glass transition temperature of
polydimethylsiloxane (synonym: polyoxydimethylsilylene) that is a
main constituent of the polyorganosiloxane particles (S-1 to S$-3) is

approximately -127°C.

EXAMPLES 1 to 5
Polyorganosiloxane based graft copolymers (SG-1 to SG-5)
Into a five-necked flask provided with an agitator, a refiux
condenser, a nitrogen introducing inlet, a monomer addition inlet, and

a thermometer, were introduced 240 parts by weight (including the
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A composition shown in Table 1 was used and after agitation for 5
minutes at 10,000 rpm by a homomixer, the system was 5 passed
through a high pressure homogenizer 3 times under pressure of 500 bar
to prepare a siloxane emulsion. This emulsion was promptly poured into a
five-necked flask provided with a reflugscandenser, a nitrogen introducing
inlet, a monomer addition inlet, and a thermometer, and reaction was

carried out at 30C for 6 hours with 10 agitation. Subsequently, the system
WRASTCBERAMP2DES A i KB S & e RS U0 s AT BARPHLPXR PR BRAtisles) of

. system was adjusted to 6. sodium hydrogen carbonate to terminat
S HENORRa AL I 1 T RO aoRane fa s 1 to
sgfblﬁ’@n%*&f%&fﬂ %am@cmg‘gsﬁ%&@@&ﬁé ROJYMALZANIRES in Table 2

version, 15 and a volume average particle diameter of the latex of

(PRI gARdSIRatigsparRIes tAceordingpion fielgmer stdidiankteAd99,In each
4th edition by John Wiley 8v Sons, a glass transition temperature of

cpslydithetsysitoxane ésymeisen. polysmpgieretyisiybosynhan iSable dapnder
constituent of the polyorganosiloxane particles (S-1 to S-3) is
TSI L TELERBRASINS 1 10 5 Polyorganosiloxane based graft
copolymers (SG-1 to SG-5) 25 Inio, a five-necked flask provided.with an.. 1 .
agitator, a refluX &%}r&eﬁéferymrﬁfr%ggﬁ iﬁﬁgaﬁgngl?ﬁféf?gg%“ Omer 1 ORYIALe
(aidifiop inles and-athernapiates WIS B AU cRH 240 PRS- HWEIe  acetate
(including the 35 watér accompanied with the latex including

(BIUTAYSiXArE. Patigias) dyiorctpabarfoka waiersalithtatexcot added 1 hour

polyorganosiloxane particles (S-1 to

after the system reached temperature shown in Table 2, and then a
mixture (MG-1) of graft monomer having a composition shown in Table
2 was added at once, and agitation was continued for 1 hour.
Subsequently, a mixture of the graft monomer (MG-2} having a
composition shown in Table 2 was added dropwise over 1 hour, and
after addition, agitation was continued for 2 more hours to obtain latex
of polyorganosiloxane based graft copolymers (SG-1 to SG-5). Table 2
shows test results of polymerization conversion of all graft parts, and
volume average particle diameters of the latices.

Ion exchanged water was added to the obtained latex to
obtain a latex having 15 % of solid concentration, and then 4 parts
(solid} of 2.5 % calcium chloride aqueous soluition was added to the
latex to obtain a coagulated slurry. Furthermore water was added to
give a slurry having 12 % of solid concentration. The obtained
coagulated slurry was heated up to 95°C, and then after the coagulated
slurry was kept at 95°C for 2 minutes, it was cooled to 50°C and
dehydrated. The coagulated slurry was washed with water whose

amount was 5 times as much as the amount of the resin, and dried to



S-3) obtained in Manufacturing Examples 2 to 4 in amounts in Table 2
(Table 2 shows the amounts corresponding to solid content). In each 5
case, the system was raised to temperature shown in Table 2 under
nitrogen current with agitation. 0.5 part by weight of sodium formaldehyde
sulfoxylate (SFS), 0.005 part by weigbtof-disodium
ethylenediaminetetraacetate (EDTA), and 0.001 part by weight of ferrous
sulfate were added_1 hour 10 aftey,the system reached temperature
BB AHPRAES L RO RERER IARTEAR o SR ThERBREFPELing
composition shown in Table 2 was added at once, and agitation was
continued for 1 hour. Subsequently, a mixture of the graft monomer
(MG-2) having a composition shown in Table 2 was added dropwise over
1 hour, and 15 after addition, agitation was continued for 2 more hours to
obtain latex of polyorganosiloxane based graft copolymers (SG-1 to
SG-5). Table 2 shows test results of polymerization conversion of all graft
parts, and volume average particle diameters of the latices. lon
exchanged water was added to the obtained latex to 20 obtain a latex
having 15 % of solid concentration, and then 4 parts (solid) of 2.5 %
calcium chloride aqueous solution was added to the latex to obtain a
coagulated slurry. Furthermore water was added to give a slurry having
12 % of solid concentration. The obtained coagulated slurry was heated
up to 95C, and then after the coagulated 25 slurry was kept at 95C for 2
minutes, it was cooled to 50C and dehydrated. The coagulated slurry was
washed with water whose amount was 5 times as much as the amount of
the resin, and dried to 36 obtain a powder of polyorganosiloxane based
graft copolymer. :
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NmOE V'EOO ICaOQU 39-COMPARATIVE EXAMPLES 1 to 4
Polyorganosiloxane based graft copolymers (SG'- 1 to SG'-4)
Polyorganosiloxane based graft copolggers (SG'-1 to SG'-4) were
obtained in a same manner as in Examples 1, 2, and 5. Table 2 5 shows
results of polymerlzatlon conver5|on of all graft parts analyzed in a state
of latices, and volunfe @&F; e@ﬁa‘gp/é?é? Egf Into 4

Polyorganocsiloxane based graft copolymers (SG’-1 to SG’-4)
Polyorganosiloxane based graft copolymers (SG’-1 to SG’-4)
were obtained in a same manner as in Examples 1, 2, and 5. Table 2
shows results of polymerization conversion of all graft parts analyzed
in a state of latices, and volume average particle diameters of the

latices.

EXAMPLES 6 to 10 and COMPARATIVE EXAMPLES 5 to 9

Imparting flame retardancy to a polycarbonate resin

0 or 3 parts by weight of powder of polyorganosiloxane
based graft copolymer (SG-1 to SG-5, and SG’-1 to SG’-4) obtained in
Examples 1 to 5 and Comparative Examples 1 to 4, and 0.4 part by
weight of polytetrafluoroethylene (manufactured by Daikin Industries,
LTD. trade name: PolyFron FA-500} were blended to 100 parts by
weight of a polycarbonate resin (manufactured by Teijin Chemicals,
Inc., trade name: Panlight L1225WX). The obtained compound was
melt-kneaded at 270°C using a twin screw extruder (made by Japan
Steel Works Make, TEX 4488} to obtain peliets. Using a FAS 100B
injection molding machine made by FANUC, LTD. with a cylinder
temperature of 280°C, specimens with a dimension of 1/20 inches for
flamne retardancy evaluation and specimens with a dimension of 1/84
inch for impact resistance evaluation were produced from the obtained
pellet. Evaluation was conducted for the obtained specimens
according to the above described evaluation methods. Table 3
collectively shows results of the impact resistance and flame

retardancy of molded articles.



latices. EXAMPLES 6 to 10 and COMPARATIVE EXAMPLES 5t0 9 10
Imparting flame retardancy to a polycarbonate resin 0 or 3 parts by weight
of powder of polyorganosiloxane based graft copolymer (SG-1 to SG-5,
and SG'-| to SG'-4) obtained in Examples 1 to 5 and Comparative
Examples 1 to 4, and 0.4 part by weighs of polytetrafluoroethylene
(manufactured by Daikin Industries, 15 LTD. trade name: PolyFron
FA-500) were blended to 100 parts by weight of a polycarbonate resin
(manufactured by Teijin Chemicals, Inc., trade name: Panlight L1225WX).
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EXAMPLES 11 to 14 and COMPARATIVE EXAMPLES 10 to 13
Imparting flame retardancy to polycarbonate resin based polymer aﬂoy

0 or 5 parts by weight of particles of polyorganosiloxane
based graft copolymer {SG-5) obtained in Example 5, 0.5 part by
weight of polytetrafluoroethylene (manufactured by Daikin Industries,
LTD., trade name: Poly Flon FA-500), O or 4 parts by weight of talc
part by weight of a phenolic antioxidant (manufactured by Asahi
Denka Co., Ltd., trade name: AO-60), and 0.2 part by weight of a
phosphorus based antioxidant {(manufactured by Asahi Denka Co., Ltd.,
trade name: HP-10) were blended into the following resins. That is: 80
parts by weight of a polycarbonate resin {manufactured by Idemitsu
Kosan Inc., trade name: Tuflon A2200}, and any one of 20 parts by
weight of an ABS resin {manufactured by Japan A & L, Inc., trade
name: Sunac AT-08), 20 parts by weight of an AS resin (manufactured
by Toyo Styrene Incorporated Company, trade name: Toyo styrol
AS-41), 20 parts by weight of a polystyrene resin (manufactured by
Toyo Styrene Incorporated Company, trade name: Toyvo styrol G-13
(HRM13N)}, and 20 parts by weight of a polyethylene terephthalate
resin (recycled resin, manufactured by KANEKA CORPORATION,
in-company product).

The obtained compound was melt-kneaded at 260°C using
a twin screw extruder (made by Japan Steel Works, Ltd., TEX 448S) to
produce pellets. Using a FAS 100B injection molding machine made
by FANUC, LTD. with a cylinder temperature of 290°C, specimens with
a dimension of 1/12 inch for flame retardancy evaluation and

specimens with a dimension of 1/8 inch for impact resistance
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EXAMPLES 11 to 14 and COMPARATIVE EXAMPLES 10 to 13

Imparting flame retardancy to polycarbgnate resin based polymer alloy 0
or 5 parts by weight of particles of polyorganosiloxane based graft

copolymer (SG-5) obtained in Example 5, 0.5 part by 5 weight of .
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trade name: HP-10) were blended into the following resins. That is: 80
parts by weight of a polycarbonate resin (manufactured by Idemitsu
Kosan Inc., trade name: Tuflon A2200), and any one of 20 parts by
weight of an ABS resin (manufactured by Japan A & L, Inc., trade 15
name: Sunac AT-08), 20 parts by weigfi of an AS resin (manufactured by
Toyo Styrene Incorporated Company, trade name: Toyo styrol AS-41), 20
parts by weight of a polystyrene resin (manufactured by Toyo Styrene
Incorporated Company, trade name: Toyo styrol G-13 (HRM13N)), and
20 parts by weight of a polyethylene terephthalate 20 resin (recycled
resin, manufactured by KANEKA CORPORATION, in-company product).

The obtgimedgompoumng-wasmett-kneaded-at 260Cusi vvin Sprew
extruder (made by Japan S$teel\Works) Ltd., TE %,)SS) oduce B
pellets. Using, aFAS 1003 iﬁe@tmg %n@ maching mq % 5y FARUC,
LTD. with aj cylinder temperatify of|29 specimens wit jlmensi'@ of
1/12 inch fqr flame retardancy evalyation antl spe imens.with a S
dimension ¢f 1y8 inch for impa%: resistande 42 pvaluatign W'E e produced
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specimeing Hcadtding to e a@ve dEY&bEY valuation r%tgcé%.Table4
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Tables 3 and 4 show clearly that copolymers in Examples
give both of more excellent flame retardancy and impact resistance as

compared with those in Comparative Examples.
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show clearly that copolymers in Examples give both of more excellent
flame retardancy and impact resistance as compared with those in
Comparative Examples. -46- CLAIMS 1. A copolymer comprising a
polymer (A) segment having a glasggdransition temperature not more than
-10C, and a polymer (C) segment obtained by radical polymerization of a
monomer including a monomer (B) with two or more aromatic rings and
two or more radical reactive groups in one molecule. 2. The copolymer
according to Claim 1, wherein the copolymer is a graft copolymer
obtained by polymerizing with one or more steps the monomer including
the monomer (B) in the presenceoftid@polymer (A). 3. The copolymer
according to Claim 1 or 2, wherein the polymer (A) is a
polyorganosiloxane (D). 4. The copolymer according to any one of Claims
1to 3, wherein the monomer (B) has at least two aromatic rings being not
in a condensed relationship and being directly bonded together. -47- 5.
The copolymerlacéoﬂmgimycéﬁ@tiﬁ@&imﬁﬁxmf Wherdgmeat having a
nom Blsan tic vinyl c o/6. A graft ol
giassb Iéal‘ﬁgc%f%g ? T po n%ébﬁzf{r?gggngggb/ M (9 and A SSPyn%é?‘?&) segment
obtained by radical polymerization of a monomer including a monomer (B) with

two or more aromatic rings and two or more radical reactive groups in one

molecule.

2. The copolymer according to Claim 1, wherein the
copolymer is a graft copolymer obtained by polymerizing with one or more steps

the monomer including the monomer (B) in the presence of the polymer (A).

3. The copolymer according to Claim 1 or 2, wherein the

polymer (A} is a polyorganosiloxane (D).

4. The copolymer according to any one of Claims 1 to 3,
wherein the monomer (B) has at least two aromatic rings being not in a condensed

relationship and being directly bonded together.



ethylenically unsaturated monomer (E) in one or more steps in the
presence of the copolymer according to any one of Claims 1to 5. 7. A
particulate comprising copolymer according to any one of Claims 1 to 6.
8. A flame retardant comprising the copolymer or the particulate
according to any one of Claims 1 {#..9. A resin composition comprising
the flame retardant according to claim 8.

5. The copolymer according to any one of Claims 1 to 4,

wherein the monomer (B) is an aromatic viny! copolymer.

6. A graft copolymer obtained by further polymerizing an
ethylenically unsaturated monomer (E) in one or more steps in the presence of the

copoiymer according to any one of Claims 1 to 3.

7. A particulate comprising copolymer according to any one of

Claims 1 to 6.

8. A f{flame retardant comprising the copolymer or the

particulate according to any one of Claims [ to 7.

9. A resin composition comprising the flame retardant

according to claim 8.



